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.       Dr. Richard Kojan, President of the Dakar-based Alliance for International Medical Action 
(ALIMA), performs a diagnostic ultrasound on an Ebola virus disease patient in the Demo-
cratic Republic of the Congo. This ALIMA Ebola Treatment Center (ETC) uses the CUBE modules 
ALIMA developed after the 2014–2016 Ebola outbreak in West Africa. The CUBE ensures infec-
tion control while allowing easier contact between patients and physicians, as well as the 
patients’ families and friends. Previous ETC designs had cut patients off from the outside world 
and required medical care personnel to don hot, bulky personal protective equipment to pro-
vide close-in care. Clinical research and patient care complemented each other at the center 
shown and contributed to licensure of two Ebola therapeutic agents (see “In Practice,” 7 17.1 
and 7 40.1). (Photo: Ghinwa Daher/ALIMA)
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Dedicated to all who have lost their lives to emerging and re-emerging 
infectious diseases.
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Foreword

My interest in infectious diseases began one morning in 1997. I picked 
up a copy of the New York Times, and right there—on page A1—was an 
article that caught my attention. It was about diarrhea killing 3.1 mil-
lion people every year, and almost all were young kids who lived in low- 
income countries in Africa and South Asia.

My eldest daughter, Jennifer, had recently been born. I couldn’t 
believe that so many babies like her were dying of something treatable. I 
needed to know why, so I dove head-first into the subject of public 
health, reading dozens of textbooks like this one.

The more I read and spoke to experts, the more I understood why 
health outcomes differed so dramatically between high-income and low- 
income countries. In wealthy places, like where I lived in Seattle, diar-
rhea was mostly a minor inconvenience because we had access to basic 
treatments and vaccines. But those interventions weren’t available in 
every country. In some places, everything was difficult to come by—not 
only vaccines for diarrhea-causing rotavirus, but also bed nets that pre-
vent malaria and antiretrovirals for HIV/AIDS.

I wouldn’t start studying pandemics in earnest for a few more years, 
but I suppose the writing was on the wall at that point: The world wasn’t 
doing enough to fight the infectious diseases that had been around for 
centuries (or millennia)—how could it be prepared for novel diseases that 
hadn’t even appeared yet?

After the Ebola outbreak of 2014, I outlined the gaps in the world’s 
readiness for a pandemic, and eventually adapted that research into a 
TED talk. The title of the talk was “7 The Next Epidemic? We’re Not 
Ready.” Unfortunately, most of the views on that video have been since 
the COVID-19 pandemic began—when it was already too late.

This is what happens in crises, whether they’re longstanding ones like 
the rotavirus epidemic or more recent emergencies like COVID-19, peo-
ple tend to react—if they react at all—only after the threat has material-
ized in wealthy countries. This approach is not sound at all, which is why 
I’m so enthusiastic that you’ve decided to study this book.

“Outbreaks are inevitable,” the great epidemiologist Larry Brilliant 
once said, “but pandemics are optional.” One day, another highly infec-
tious, novel pathogen will emerge just as SARS-CoV-2 did in late 2019. 
That’s inevitable, as Dr. Brilliant said, but the world can still stop a 
repeat of the COVID-19 pandemic so long as more people do exactly 
what you’re doing right now—prepare. We need more people like you 
studying how to prevent pandemics before they happen.

Scientific research, the subject of this textbook, is especially crucial 
for pandemic preparedness.

SARS-CoV-2 has been an instructive adversary. It has thrown a spot-
light on our R&D arsenal—informing us which innovations are highly 
effective at fighting pandemics, and which avenues of research need even 
more attention, like mRNA technology.

mRNA vaccines proved hugely effective against SARS-CoV-2, but 
they’re temperature sensitive and need to be stored at around −70 °C 

https://www.ted.com/talks/bill_gates_the_next_outbreak_we_re_not_ready
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following manufacture and can be at warmer temperatures for only a 
very short time before being administered. That cold chain is very diffi-
cult to maintain in rural and tropical areas and in places that lack the 
needed infrastructure. Can researchers invent technologies that will help 
extend the cold chain to places where it didn’t go before? Or can they 
develop mRNA vaccines that aren’t so sensitive to temperature? These are 
questions we need to answer.

We need to ask similar questions about immune protection. How do 
we give more people some level of immune protection more quickly? 
The COVID-19 vaccines were developed in record time. Yet it took a 
long time for manufacturing capacity to ramp up to provide enough 
doses for meaningful community protection.

I believe researchers must be on the frontlines of any outbreak. It is 
the only way we can effectively identify, track, and stop a novel disease 
when it enters the human population. One idea is a Global Health 
Emergency Corps that would act like an international firefighting bat-
talion for infectious diseases, staffed by public health leaders and 
researchers like the ones you’re training to become.

In fact, that may be the kind of career you’re envisioning as you begin 
this textbook—hours spent in labs, studying viral genomes; designing 
vaccines and therapeutics to combat it; conducting clinical trials to 
ensure they are safe and effective; or on-the-ground in an outbreak 
hotspot, working with local partners to trace the spread of the pathogen 
and carry out clinical research before the outbreak turns into an pan-
demic. These are all important tasks, but I’d also argue that they aren’t 
enough. If  we are going to create a pandemic-free world, then research-
ers will have to do more. There are other equally important tasks that 
won’t be in your formal job description.

COVID-19 taught us that stopping a pandemic requires more than 
just cutting-edge science. Leaders from different disciplines need to act 
in coordination—researchers and health workers, presidents and prime 
ministers, and the CEOs of pharmaceutical and logistics companies, 
among others. If  one of the links in this network doesn’t believe that 
pandemics are preventable (and it is worth spending the time and money 
to prevent them), then the whole enterprise fails.

As experts, you can be powerful advocates for public health and 
ambassadors for pandemic preparedness. You can credibly make the 
argument for why your work requires more funding and support. I often 
say that if  we spend billions on work like yours, we can save trillions 
down the line. It is one of the wisest investments that we can make, but 
we need to remind people of that truth, over and over again.

I would also encourage you to always keep sight of the world’s most 
vulnerable communities, who are often at the end of the line when it 
comes to receiving interventions that can help them fight epidemics. The 
next time a novel virus jumps into the human population, millions of 
lives may depend on that kind of advocacy. Not only that, but millions 
of lives can also be bettered when we apply the learnings gained from 
emergency responses to ongoing public health challenges—including 
the diarrheal diseases that brought me to this field so many years ago.

Thank you for your commitment to the field of pandemic 
 preparedness and your willingness to learn even more through your 
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coursework. Much of my life’s work in technology and philanthropy 
has stemmed from a simple idea: Innovation can improve lives and solve 
important problems. The bedrock of innovation, and the foundation of 
a strong pandemic response, has always been scientific research.

With your passion and dedication to this work, I believe that COVID-
19 can truly be humanity’s last pandemic.

Bill Gates
Seattle, WA, USA
March 15, 2023
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Preface

The need for principled, practical guidance on ethical, scientifically 
sound infectious disease research preparedness and research response is 
clearer than ever following the COVID-19 pandemic. Ironically, during 
the COVID-19 pandemic progress on this book on emergency infectious 
disease research, then based largely on the Ebola experience in West 
Africa, came to a halt. Nearly all the authors and editors, experts in 
various aspects of infectious disease research, devoted long hours to the 
pandemic emergency; many continue to work on COVID-19, mpox, or 
broader epidemic and pandemic issues. Although the magnitude of the 
COVID- 19 research effort has been extraordinary, not all of it was opti-
mally planned or executed, and much was unproductive. Better coordi-
nation of the research response is essential for future infectious disease 
outbreaks, epidemics, and/or the next Public Health Emergency of 
International Concern. Principles and Practice of Emergency Response 
Research elucidates standards, guidelines, and practical considerations 
to improve future research response. Much will depend on applying 
what we have learned from responses to past epidemics and pandemics, 
particularly over the last decade, to improve preparedness, including a 
willingness to leave unresolved issues between nations aside while 
humanity prepares to respond to future infectious disease threats. Col-
lective political- scientific alliances committed to improved health secu-
rity require focused improvements in global research systems, 
preparedness for response to known pathogens with pandemic poten-
tial, and rapid mobilization of resources to meet infectious disease 
emergencies as they arise. Nation states, international organizations, 
academia, NGOs, the private sector—all sectors of society—have les-
sons to learn and work to do. The principles and mechanisms for 
responding to potential pandemics, under negotiation in Geneva, 
New York, and national capitals as we go to press, need to be clarified 
to ensure a better response.

One premise of Principles and Practice of Emergency Response 
Research, based on recent ecological studies, is that outbreaks caused by 
pathogens new to humans are most likely to occur in countries where 
major changes in the wildlife-livestock-human interface occur near vul-
nerable human populations. As with SARS-CoV-2, the likelihood of 
new zoonotic infections first appearing in such a setting and the poten-
tial consequences remain high. The many response missteps seen in the 
most scientifically capable countries during the COVID-19 pandemic 
make a global effort to improve preparedness and response imperative. 
Hope of stopping such outbreaks early rests on there being sufficient 
local, national, and global capacity to rapidly mount a comprehensive 
response, including the development and deployment of safe, effective 
vaccines, therapeutics, and diagnostics (VTD). In the absence of already 
licensed or authorized VTDs, a prioritized research agenda for their 
development and evaluation must be integrated into disease outbreak 
response.

XI



Many volumes analyzing the COVID-19 pandemic have already 
appeared or are in the pipeline. Building on the lessons learned from this 
and other major infectious disease outbreaks, we need to improve 
research response and preparedness now to have a better, more coordi-
nated, and more rapid response to future infectious disease threats. This 
book, with many highly regarded, experienced research scientists and 
global health leaders among its authors, is one contribution to that 
effort. We hope to see it used in medical and public health schools to 
help train future generations of practitioners in the whys and wherefores 
of accelerated research response. We hope it buttresses the case that 
must be made in finance ministries for investment in health systems and 
research capacity. We hope to see it used in the field as a quick reference 
for implementing a research agenda. We believe the argument we had set 
out to make before the pandemic, that research can and must be part of 
infectious disease preparedness and response, hardly requires the  
evidence and argument we had originally planned, and we have there-
fore shifted our focus to how it must be done rather than why. Another 
major theme that runs through the book, often implicitly, is that 
meeting ethical and scientific standards is not only an imperative on its 
own terms, but a pragmatic necessity for successful emergency research 
response. Procedures may be accelerated and run in parallel rather than 
sequentially, but compliance with ethical and scientific standards is 
essential for research to produce reliable, actionable results.

Finally, while the COVID-19 pandemic has been devastating and we 
mourn its many victims, we must acknowledge that the lessons learned 
during the pandemic have made this volume better than it otherwise 
would have been. If  our efforts are judged worthwhile and contribute to 
improving the response to the next pandemic, perhaps that can be 
counted among shreds of silver lining left behind by a pandemic that 
could be a harbinger of worse to come.

Elizabeth S. Higgs  
Rockville, MD, USA

Robert A. Sorenson  
Rockville, MD, USA

Mosoka P. Fallah  
Addis Ababa, Ethiopia

Nicole Lurie  
Washington, DC, USA

Laura A. McNay  
Rockville, MD, USA

Peter G. Smith 
London, UK  
September 23, 2023
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Learning Tracks: Fields of Study  
and Practice

Learning tracks are intended to help students, teachers, and practitio-
ners find the material they need for formal and informal study using 
Principles and Practice of Emergency Research Response as best suits 
their interests, courses, and fields of practice. Reference information 
needs also benefit from electronic searches and, in both electronic and 
paper editions, the index and full tables of contents in each chapter. 
Note that there are also abundant cross-references from one chapter to 
another, hyperlinked in the electronic versions of the book, including 
the downloadable .pdf.

The learning tracks presented here may be used as suggestions for 
course syllabi or a program of self-study and are designed to allow the 
user to move easily from one portion of the book to others selected by 
the editors for their relevance to a field of study or practice.

Learning Tracks (Alphabetical Order)
 1. Biostatistics
 2. Clinical Research
 3. Emergency Research Response, Research Operations
 4. Global Health
 5. Global Health Law
 6. Health Policy, Multilateral Cooperation, International Governance
 7. One Health
 8. Preparedness
 9. Public Health and Epidemiology
 10. Research Ethics, Social Science Response Research
 11. Social Science Research Response
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Abbreviations

ACEGID  African Centre of 
Excellence for 
Genomics of  Infec-
tious Diseases

ACT-A  Access to COVID-19 
Tools: Accelerating 
COVID-19 counter-
measures

ACTIV   Accelerating 
COVID-19 Thera-
peutic Interventions 
and Vaccines

ADB  Asian Development 
Bank

AFC  African Risk Capac-
ity Group

AfCDC  Africa Centres for 
Disease Control and 
Prevention

AfDB  African Develop-
ment Bank

AFI Acute febrile illness

AI Artificial intelligence

AIDS  Acquired immuno-
deficiency syndrome

ALERRT  African Coalition for 
Epidemic Research, 
Response and 
Training

ALIMA  Alliance for Interna-
tional Medical 
Action

AMR  Anti-microbial 
resistance

AO Area of  operations

ARDS  Adult respiratory 
distress syndrome

ASEAN  Association of 
Southeast Asian 
Nations

ASHP  American Society of 
Health-System 
Pharmacists

ASPR  Assistant Secretary 
for Preparedness and 
Response (U.S. HHS)

AVAC  Global Advocacy for 
HIV Prevention

AVAREF  African Vaccine 
Regulatory Forum

BARDA  (U.S.) Biomedical 
Advanced Research 
and Development 
Authority

BHA  Bureau for Humani-
tarian Assistance 
(USAID)

BSL  Biosafety Level 
(scale is 1 [least 
secure] through 4 
[most secure])

Cat-DDO  Catastrophic 
Demand Drawdown 
Option

CBD  Convention on 
Biological Diversity

CBPR  Community-based 
participatory 
research

CCP  Clinical characteriza-
tion protocols

CDC  Centers for Disease 
Control and Preven-
tion (USA)

CDISC  Clinical Data 
Interchange Stan-
dards Consortium

CDM  Clinical Data 
Management

CDMO  Contract Develop-
ment and Manufac-
turing Organization

CDMS  Clinical Data 
Management 
Systems



CE  Community engage-
ment

CEO  Chief  executive 
officer

CEPI  Coalition for Epi-
demic Preparedness 
Innovations

CERC  Contingent Emer-
gency Response 
Component

CFE  Contingency Fund 
for Emergencies

CFR Case fatality rate

CFR  Code of  Federal 
Regulations (USA)

CGD  Center for Global 
Development

CHIM  Controlled human 
infection model

CHMP  Committee for 
Medicinal Products 
for Human Use 
(EMA)

CIOMS  Council for Interna-
tional Organizations 
of  Medical Sciences

CMC  Chemistry, manufac-
turing, and controls

CNS  Central nervous 
system

COHRED  Council on Health 
Research for Devel-
opment

COVAX  COVID-19 Vaccines 
Global Access 
(Vaccine pillar of 
Access to COVID-19 
Tools (ACT) Accel-
erator)

COVID-19  Coronavirus disease 
2019

CoVPN  COVID-19 Preven-
tion Network

CPG  Clinical practice 
guidelines

CRF  Case report form

CRF  Crisis Response 
Facility

CRO  Contract Research 
Organization

CRISPR  Clustered regularly 
interspaced short 
palindromic repeats

CRW  Crisis Response 
Window

CSMP  Clinical site monitor-
ing plan

CUBE  Chambre d’urgence 
biosécurisée pour 
epidémies (individ-
ual, bio-secure, 
transportable 
treatment room)

DALY  Disability-adjusted 
life year

DART  Disaster Assistance 
Response Team 
(USAID)

DCR  Division of  Clinical 
Research (NIAID)

DFID  Department for 
International 
Development (UK)

DHEW  Department of 
Health, Education, 
and Welfare (U.S. 
pre- 1980, now HHS)

DM Data management

DMID  Division of  Microbi-
ology and Infectious 
Diseases (U.S. NIH/
NIAID)

DMP  Data management 
plan

DNA  Deoxyribonucleic 
acid

DRC  Democratic Republic 
of  the Congo

DSMB  Data and Safety 
Monitoring Board
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EAP  Expanded Access 
Program

EBOV Ebola virus

EBRD  European Bank for 
Reconstruction and 
Development

EC  European Commis-
sion

ECOWAS  Economic Commu-
nity of  West African 
States

eCRF  Electronic case 
report form

ECRIN  European Clinical 
Research Infrastruc-
ture Network

EDC  Electronic data 
capture

EDCTP  European and 
Developing Coun-
tries Clinical Trials 
Partnership

EID  Emerging or re-
emerging infectious 
disease

EMA  European Medicines 
Agency

eQMS  Electronic Quality 
Management System

ETC  Ebola treatment 
center

ETU  Ebola treatment unit

EU European Union

EUA  Emergency Use 
Authorization

EUAL  Emergency Use 
Assessment and 
Listing

EUDRA  European Union 
Drug Regulatory 
Authorities (prede-
cessor to EMA)

EUL  Emergency Use 
Listing

EVD Ebola virus disease

FAIR  Findability, accessi-
bility, interoperabil-
ity, and reusability 
(of  research data)

FAIRAT  Fairness, Auton-
omy, Integrity, 
Respect, Account-
ability, And 
Transparency

FDA  Food and Drug 
Administration 
(USA)

FDA(G)  Food and Drugs 
Authority (Ghana)

FETP  Field Epidemiol-
ogy Training 
Program (U.S. 
CDC, others)

FIF  Financial Interme-
diary Fund

FIH  First-in-human 
studies

Gavi  Gavi, the Vaccine 
Alliance, formerly 
called the Global 
Alliance for 
Vaccines and 
Immunization 
(GAVI)

GCP  Good Clinical 
Practice

GDPR  General Data 
Protection Regula-
tion (EU)

GLOPID-R  Global Research 
Collaboration for 
Infectious Disease 
Preparedness

GLP  Treatment guide-
lines panel

GMP  Good Manufac-
turing Practice

GOARN  Global Outbreak 
Alert and 
Response Network

GPG  Global public 
good
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GPMB  Global Prepared-
ness and Monitor-
ing Board

GPP  Good Participa-
tory Practice

GPP-EP  Good participa-
tory practice 
guidelines for 
trials of  emerging 
(and re-emerging) 
pathogens that are 
likely to cause 
severe outbreaks 
in the near future 
and for which few 
or no medical 
countermeasures 
exist

HCW  Health care worker

HEP  Health Emergen-
cies Programme 
(WHO)

HEPR  Health Emergency 
Preparedness and 
Response

HHS  Department of 
Health and 
Human Services 
(USA)

HIPAA  Health Insurance 
Portability and 
Accountability 
Act

HIV-AIDS  Human immuno-
deficiency virus-
Acquired immune 
deficiency syn-
drome

HPV  Human papilloma-
virus

HRH  Human resources 
for health

IAVI  International 
AIDS Vaccine 
Initiative

IBRD  International 
Bank for Recon-
struction and 
Development

ICH   International 
Council for 
Harmonisation of 
Technical Require-
ments for Pharma-
ceuticals for 
Human Use

ICMRA  International 
Coalition of  Medi-
cines Regulatory 
Authorities

ICT  Information and 
communications 
technology

ID Infectious disease

IDA  International 
Development 
Association

IDB  Inter-American 
Development 
Bank

IFI  International 
Financial Institu-
tion

IFPMA  International 
Federation of 
Pharmaceutical 
Manufacturers 
and Associations

IFR  Infection Fatality 
Rate

IHR (2005)  International 
Health Regula-
tions (2005)

IMC  International 
Mercy Corps

IMF  International 
Monetary Fund

IMP  Investigational 
medicinal (or 
medical) product

IMS  Incident Manage-
ment System
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IMT  Incident manage-
ment team

IND  Investigational 
new drug

INRB  Institut National 
de Recherche 
Biomédicale, 
National Biomedi-
cal Research 
Institute (DRC)

IOM  Institute of 
Medicine (USA, 
became National 
Academy of 
Medicine in 2015)

IP  Intellectual 
property

IPCC  Intergovernmental 
Panel on Climate 
Change

IPR  Intellectual 
property rights

IRB  Institutional 
review board 
(research ethics 
committee)

IT  Information 
technology

ITM  Institute of 
Tropical Medicine 
(Antwerp)

kb Kilobase

LASV Lassa (fever) virus

LDC  Least developed 
country

LGBTQ+  Lesbian, gay, 
bisexual, transgen-
der, queer, etc.

LGBTQIA  Lesbian, gay, 
bisexual transgen-
der, queer, inter-
sex, asexual

LICs  Low-income 
countries

LMIC  Lower-middle-
income country1

LMICs  Low- and middle-
income countries

LSHTM  London School of 
Hygiene and 
Tropical Medicine

MAb   Monoclonal 
antibody

MCM  Medical counter-
measure

MDGs  Millennium 
development goals

MDR-TB  Multi-drug 
resistant tubercu-
losis

MDTF  Multi-Donor 
Trust Fund

MedDRA  Medical Diction-
ary for Regulatory 
Activities (ICH)

MERS-CoV  Middle East 
respiratory 
syndrome corona-
virus

MEURI  Monitored 
Emergency Use of 
Unregistered and 
Investigational 
Interventions 
(WHO)

MHRA  Medicines and 
Healthcare 
Products Regula-
tory Agency (UK)

ML Machine learning

MoF  Ministry of 
Finance

MoH Ministry of  Health

MOP  Manual of 
Operations

MoU  Memorandum of 
Understanding

1 Usage of  LMIC is inconsistent among 
various institutions and documents.

LVIII Abbreviations



mRNA  Messenger ribo-
nucleic acid

MSF  Médecins Sans 
Frontières (Doc-
tors without 
Borders)

MTA  Material Transfer 
Agreement

NAM  National Academy 
of Medicine (USA)

NASEM  National Acad-
emies of  Sciences, 
Engineering, and 
Medicine (USA)

NGO  Non-governmental 
organization

NHP   Non-human 
primate

NHRVR  National Healthy 
Volunteer 
Research Register

NHSRC  National Health 
Science and 
Research Ethics 
Committee 
(Liberia)

NIAID  National Institute 
for Allergy and 
Infectious Dis-
eases (USA)

NIBIB  National Institute 
of  Biomedical 
Imaging and 
Bioengineering 
(USA)

NIH  National Institutes 
of  Health (USA)

NIHR  National Institute 
for Health 
Research (UK)

NLP  Natural language 
processing

NPHIL  National Public 
Health Institute of 
Liberia

NREB  National Research 
Ethics Board 
(Liberia)

NTD  Neglected tropical 
disease(s)

ODA  Official develop-
ment assistance

OIE  International 
Organization for 
Animal Health 
(formerly the 
Office Interna-
tional des Epizo-
oties)

OMB  Office of  Manage-
ment and Budget 
(USA)

OoC Organs on a chip

OWS  Operation Warp 
Speed (U.S. 
Vaccine Develop-
ment Program)

PAES  Post-authorization 
effectiveness study

PAHO  Pan-American 
Health Organiza-
tion

PALM  Pamoja Tulinde 
Maisha (Swahili 
for “together save 
lives”): DRC 
Ebola therapeutics 
trial

PAS  Post-acute clinical 
sequelae

PASS  Post-authorization 
safety study

PCR  Polymerase chain 
reaction

PEF  Pandemic Emer-
gency Financing 
Facility

PHE   Public health 
emergency
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PHEIC   Public health 
emergency of 
international 
concern

PI  Principal investi-
gator

POCTRN  Point of  Care 
Technology 
Research Network

PPE  Personal protec-
tive equipment

PPP  Public-private 
partnership

PPPR  Pandemic preven-
tion, preparedness, 
and response

PPR  Pandemic pre-
paredness and 
response

PPR  Prevention, 
preparedness, and 
response

PREP  Pre-exposure 
prophylaxis

PREP Act  Public Readiness 
and Emergency 
Preparedness Act 
(USA)

PREVAIL  Partnership for 
Research on Ebola 
Vaccines in 
Liberia

PV  Pharmacovigilance

PVO  Private voluntary 
organization

QMS  Quality manage-
ment system

R&D   Research and 
development

R&D&M  Research & 
Development & 
Manufacturing

RADx  Rapid Accelera-
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Pandemic 
Preparedness and 
Research Response: 
A Necessary New 
Field
Elizabeth S. Higgs

Overview of Book Section I: introduces the new, multidisciplinary 
field of emergency research response and outlines why it is 
needed, the history and background behind it, and norms that are 
needed to govern the research conduct.

In his introduction, Anthony S.  Fauci reminds the reader that 
 infectious diseases have always been and will always be with us. 
Many emerging and re-emerging pathogens have threatened the 
world recently, including the first severe acute respiratory syn-
drome coronavirus (SARS-CoV-1) and a major outbreak, epidemic, 
and pandemics, respectively, of Ebola virus, Zika virus, SARS-
CoV-2,  and mpox. It is only recently that the scientific and medical 
communities have demonstrated the necessity— of integrating 
 ethical, scientifically robust research into emergency response to 
infectious disease outbreaks. Standards for this research and how 
to conduct it are a lively subject of discussion, academically and 
within and among governments. Assimilating what we have 
learned through recent research responses to agree on scientific, 
ethical, and operational standards for accelerated emergency clin-
ical research is an essential task.

In 7 Chap. 2, Gerald T. Keusch and Keith McAdam provide a his-
torical perspective on many of the subjects explored in this vol-
ume. Understanding something of the path from the earliest 
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empirical medical studies to today’s complex clinical trial land-
scape, as well as some of the crimes and blunders along the way, is 
useful for appreciating why things are the way they are as we seek 
to improve them.

Finally, Elizabeth S. Higgs (7 Chap. 3) proposes six practical, nor-
mative guiding principles for using clinical research to mitigate, 
control, and help to end infectious disease outbreaks. These six 
principles are both ethically and practically necessary—bypassing 
basic moral and scientific norms in the name of urgency is not 
only wrong, but also ineffective. These principles, too, serve as 
background for the following chapters.
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Emerging and re-emerging infectious diseases 
will always be with us. It seems that just as we 
control one disease, a new threat takes its 
place. For example, soon after the global com-
munity eradicated smallpox in the mid-1970s, 
Ebola was first detected in Central Africa in 
1976. The human immunodeficiency virus 
was recognized a few years later, having spread 
undetected for decades. Since then, many 
other emerging and re-emerging pathogens 
have threatened the world, including the first 
severe acute respiratory syndrome coronavi-
rus in 2002, major outbreaks of Ebola, Zika 
virus, and now of course the second severe 
acute respiratory syndrome coronavirus, 
SARS-CoV-2, the cause of coronavirus dis-
ease 2019 (COVID-19) (. Fig. 1).

COVID-19 appeared suddenly at the end 
of 2019 and spread rapidly, causing both 
asymptomatic infections and severe clinical 
disease. Amid global societal and economic 
disruption and a rapidly mounting death toll, 
the research community had to quickly learn 
what public health measures would slow virus 
transmission, who was most affected, the clin-
ical course of the disease, and how best to care 
for those sickened with COVID-19.

Researchers have chalked up remarkable 
achievements in response to COVID-19, nota-
bly in the development of safe and effective 
vaccines, diagnostics tests, and multiple thera-
peutics. Partly because of the SARS and 
Middle East respiratory syndrome (MERS) 
outbreaks earlier in the twenty-first century, 

       . Fig. 1 Major emerging and re-emerging infectious diseases. (CC© from Morens and Fauci, 7 https://doi.
org/10.1016/j.cell.2020.08.021)
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we were scientifically well prepared to respond 
to a new pandemic coronavirus.

There have also been notable shortcom-
ings. Ineffective or even harmful treatments 
such as hydroxychloroquine were used at large 
scale despite lack of evidence. A large number 
of clinical trials were underpowered or poorly 
designed. Evidence for public health interven-
tions sometimes came late, was at times incon-
sistent, and sometimes poorly implemented or 
not well communicated. An “infodemic,” as 
the World Health Organization (WHO) calls 
it, has spread misinformation and under-
mined public trust in physicians, scientists, 
and public health officials. We must learn to 
communicate better with the public in a time 
of rapidly advancing scientific understanding 
amid growing distrust of scientific findings.

Both successes and failures in response to 
the COVID-19 pandemic remind us that pre-
paredness and clinical research capacity are 
fundamental for responding to novel infec-
tious diseases. Multiple research institutions 
around the world, including the U.S. National 
Institute of Allergy and Infectious Diseases 
(NIAID), are conducting and supporting 
research on multiple virus families known to 
infect humans so we can prepare to meet the 
challenge of a different novel pathogen when 
the time comes, hopefully before it can evolve 
into an epidemic or pandemic. With ethically 
sound scientific research, we can build our 
understanding of viruses and other pathogens 
and how they affect people. We devise and 
validate—or rule out—vaccines, therapeutics, 
and diagnostic tests to prevent, treat, and 
diagnose infection and disease (. Fig. 2).

In recent decades, the global public health 
community has greatly improved its ability to 
detect and respond to infectious disease 
threats. With many of the most dangerous 
diseases—yellow fever a century ago, Ebola 
and SARS-CoV-2 today—pivotal and rele-
vant clinical research can best be done in the 
context of an outbreak. Such research has 
saved countless lives and will do so in the 
future, particularly when studies result in 
authorized or licensed vaccines and therapies. 
We must be prepared to conduct emergency 
response research far more rapidly than the 

“normal” pace of scientific research. We also 
need ongoing research to understand how 
changes in animal pathogens allow them to 
infect humans, how pathogens new to humans 
adapt to their new host, and how people’s liv-
ing conditions affect their vulnerability to dis-
ease. A number of research institutions, 
including NIAID, are pursuing the concept of 
developing new prototype vaccines and thera-
pies against at least one virus from every virus 
family known to infect humans, something 
that should give us a head start if  a new virus 
from any of those families causes an outbreak 
in humans. However, biomedical research 
alone is not sufficient to understand and 
address epidemics. Because human behavior 
is fundamental to how pathogens spread, a 
multisectoral approach that also involves 
social science, economics, and epidemiology is 
needed.

For decades, some worried that the con-
duct of research might impede the effective-
ness of the public health response and that it 
should not be conducted during an outbreak. 
However, research that started during the 
2014–2016 West Africa Ebola outbreak dem-
onstrated that emergency clinical research can 
be vital to outbreak response. For example, 
the Partnership for Research on Ebola 
Vaccines in Liberia (PREVAIL) conducted 
rigorous, ethically sound research on Ebola 
vaccines and therapeutics, laying the ground-
work for later studies including the Ebola Ça 
Suffit ring vaccination study coordinated by 
WHO in Guinea. This work enabled the emer-
gency vaccination of more than 300,000 peo-
ple during the 2018–2020 Ebola outbreak in 
the northeast Democratic Republic of the 
Congo (DRC), almost certainly helping bring 
the outbreak to an end.

The timely and broad sharing of research 
findings in emergencies is essential. During 
the 2014–2016 Ebola outbreak, WHO brought 
together international research stakeholders, 
including editors of the world’s top medical 
journals, to agree that critical research gath-
ered in emergencies should be made rapidly 
and publicly available, rather than being 
sealed during lengthy publishing embargoes. 
This major shift towards open access has 
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       . Fig. 2 Sandra Lindsay, an intensive care nurse at 
Long Island Jewish Medical Center, was the first person 
in the United States to receive the Pfizer/BioNTech 

COVID-19 vaccine, less than 12 months after the virus 
was identified and sequenced. (Courtesy Northwell 
Health)

shown significant benefits during the 
COVID- 19 crisis, particularly with the use of 
pre-print dissemination before peer review 
(. Fig. 3).

During the 2018–2020 DRC outbreak, the 
PALM trial (for PAmoja TuLinde Maisha, 
meaning “Together Save Lives” in Swahili) 
studied four therapeutic agents for Ebola 
virus disease and reached the clear conclusion 
that two of them were superior to the others. 
The emergency clinical research that began in 
2014 resulted in two approved treatments and 
two approved vaccines for Ebola by early 
2020, 44 years after the disease was first iden-
tified in the DRC. All those trials took place 
despite a near-total lack of pre-existing 
research infrastructure. The PALM trial 
achieved results despite harrowing circum-
stances, as research staff  were threatened, 
attacked, and in a few cases killed amid civil 
conflict and a suspicious population.

SARS-CoV-2, of course, sparked an “all- 
hands- on-deck” global research response that 
has produced billions of courses of safe, effec-
tive vaccines in a remarkably short time. 
Efficacious monoclonal antibody treatments 
and antiviral therapeutics are also now avail-
able. The research response has taken advan-
tage of many advances in biomedical research. 
We can share information on new pathogens 
electronically in the form of nucleic acid 
sequences. We have better diagnostic tools 
that allow us to identify diseases early. We 
have new ways of rapidly formulating and 
producing potential vaccines and therapeu-
tics. There is a growing cadre of people with 
experience in rapidly implementing clinical 
studies to assess new vaccines and therapeu-
tics.

Today, we can bring many scientific tools 
to emerging and re-emerging infectious dis-
ease outbreaks faster and more effectively 
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       . Fig. 3 A researcher in the PALM study prepares investigational therapies for administration to research partici-
pants. (Courtesy Alliance for International Medical Action (ALIMA))

than ever before. This means that research 
must be integrated into preparedness plan-
ning and emergency response. It is more 
essential than ever to bring in partners who 
will contribute to the success of the research, 
including humanitarian and multilateral orga-
nizations, non-governmental organizations 
(NGOs), government departments, interna-
tional finance institutions, foundations, and 
others. To enhance readiness and response 
coordination, we must stimulate the field of 
research preparedness, so that procedures and 
capacities are response ready before outbreaks 
start. It is important also to address the cur-
rent clutter of uncoordinated, small, and 
poorly designed research trials. Large, well-
coordinated, high-quality international trials 
have proven much more beneficial for policy-
making and product development.

While recognition of  the need for response 
research has grown, so too has the under-
standing among governments that global 
health security is also national security. This 
perspective initially was spurred by concerns 
about bioterrorism, but it is now evident that 
naturally occurring emerging infectious dis-

eases are the greater threat. Everyone work-
ing to diminish infectious disease threats 
understands that no one country, no single 
sector of  society, can handle these threats 
alone. Governments, international organiza-
tions, and NGOs have begun to adapt 
accordingly.

Recent history has demonstrated that we 
can and must conduct integrated, ethically 
sound, scientifically robust research during 
infectious disease outbreaks. Yet, the concrete 
standards for this research are not entirely 
clear, nor are the best means by which to con-
duct high-quality studies on an emergency 
footing. Scientists, ministries of health, multi-
laterals, NGOs, non-health sectors, and oth-
ers have questions about preparing for and 
executing response research, many of which 
have not been adequately addressed. The 
questions include:

 5 How does emergency response research 
differ from “regular” research?

 5 What are the best clinical study designs to 
produce statistically significant results 
quickly, while ensuring that participants 
are protected?
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 5 How can you reconcile the research with 

the best possible patient care?
 5 What are the overriding ethical consider-

ations? How do you build them into your 
research from beginning to end?

 5 What regulatory requirements need to be 
considered?

 5 How do you ensure that every country 
involved is a real partner?

 5 How can you ensure that the participants 
in the research will benefit?

 5 How do you engage communities during 
emergencies?

 5 How do you ensure that response research 
includes epidemiologic, clinical, social, 
and operational research?

 5 How do you ensure that participants, local 
partners, and their country will benefit 
most from the research?

 5 What are the best ways to communicate 
what you are doing, so that everyone from 
patients to country leaders understands?

Principles and Practices of Emergency 
Research Response gathers what we have 
learned over the last decade to accelerate 
research response to infectious disease out-
breaks, and how to better prepare for the next 
outbreak. Where we have clear concepts of 
the scientific and ethical standards and how to 
meet them, we explain to the best of our abil-
ity. Where clear or accepted answers are lack-
ing, we hope to convey an understanding of 
how we and others in the field are grappling 
with the issues, what principles govern 
research response during infectious disease 
emergencies, and the practical standards that 
apply. We expect to produce future editions 
reflecting progress as we continue to learn. 
Scientific research has ever-growing potential 
capacity to contribute to infectious disease 
outbreak response, so much so that it is now 
both a moral and practical imperative. Our 
goal is to make research response better for 
the benefit of all.

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons. org/licenses/by/4. 0/), which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons license and indicate if  changes were 
made.

The images or other third party material in this chapter are included in the chapter's Creative Commons 
license, unless indicated otherwise in a credit line to the material. If  material is not included in the chap-
ter's Creative Commons license and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Key milestones in the evolution of clinical 
research from precursors through the estab-
lishment of randomized controlled double-
blind trials as standard practice.

 5 Reasons for use of control groups receiving 
placebo in clinical trials, even in a high- 
mortality disease outbreak where no estab-
lished treatment exists.

 5 Important factors influencing decisions 
about whether to conduct controlled clini-
cal trials during an infectious disease emer-
gency.

 5 Why public communication is so important 
during a pandemic.

 5 Ways to mitigate fear and distrust in 
affected communities, including measures 
surrounding clinical trial implementation.

 5 Issues that arise from global efforts to miti-
gate the expanding number of microbial 
threats and implement effective interven-
tions.

 5 How the evolution of bioethics has affected 
the conduct of clinical trials, and vice versa.

 5 Continuing topical issues in the application 
of bioethics to clinical trial design and 
implementation.

1  Introduction

Ever since humans gained the ability to com-
municate ideas with one another, we have 
made progress when we have been able to gen-
erate objective evidence to support our beliefs 
and guide our actions. An early example is the 
biblical story of Daniel and three other young 
Israelite nobles brought into service in the 
household of Babylonian King 
Nebuchadnezzar around 559  BC.  The Book 
of Daniel, Chap. 1, says the four men refused 
to defile themselves by consuming their “daily 
portion of the king’s food, and of the wine 
which he drank.” Instead, Daniel proposed 
“Try thy servants, I beseech thee, ten days; 
and let them give us pulse to eat, and water to 
drink. Then let our countenances be looked 

upon before thee, and the countenance of the 
youths that eat of the king’s food; and as thou 
seest, deal with thy servants” (Dan 1:12–13, 
JPS). The King’s steward agreed to the pro-
posal, and while this has been referred to as 
one of the earliest controlled clinical trials 
ever recorded in writing (Weingarten 2018), it 
contains a number of important study design 
shortfalls. For example, it lacks a detailed 
methods section, subjects were not randomly 
selected, and there is no accurate description 
of their clinical and demographic characteris-
tics. The sample size of the “experimental 
diet” group is only four individuals, the out-
come variables are vaguely defined, and the 
observation period is remarkably short, 
although it is possible this refers to some sort 
of “Biblical day.” However, the result section, 
although circumscribed, is clear, “at the end 
of ten days their countenances appeared 
fairer, and they were fatter in flesh, than all the 
youths that did eat of the king’s food. So, the 
steward took away their food, and the wine 
that they should drink, and gave them pulse,” 
while the control group remained bound to 
the King’s dietary preferences.

Fast forward 2200 years to 1747 when Dr. 
James Lind, Ship’s Surgeon aboard HMS 
Salisbury, carried out a multi-arm therapeutic 
trial for scurvy, a well-known consequence of 
long sea voyages (Collier 2009). When the 
malady became evident, Lind selected a group 
of 12 affected seamen whom he described as 
clinically “similar as I could have them” and 
divided them into six groups of two men each. 
For six days, five groups were provided with 
different “experimental” diets, one of which 
included two oranges and one lemon per day, 
while standard ship’s rations continued for the 
sixth group. The duration of the study was 
determined by the availability of oranges and 
lemons. Despite the limited observation 
period, Lind concluded that “the most sudden 
and visible good effects were perceived from 
the use of oranges and lemons.” However, his 
interpretation of the findings in his 1753 
report (. Fig.  1) remained that scurvy was 
the consequence of crowding and wet weather 
conditions on long voyages that affected the 
digestion and normal excretion of “putres-
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       . Fig. 1 a Title page, Lind’s Treatise of the Scurvy, 1753 (Public Domain). b A 38-year-old man suffering from 
scurvy, from K.H. Baumgärtner, Kranken- Physiognomik, 1929. (Wellcome Images CC©)

cent … animal humours … insensibly per-
spired” across the skin (Lind 1753). Of course, 
he did not know about vitamins, that scurvy 
was the consequence of the dietary deficiency 
of vitamin C, or that provision of vitamin 
C-rich foods would prevent scurvy or result in 
rapid response for those afflicted, just as he 
observed in the sailors receiving citrus juice in 
their diet (Bartholomew 2002). During his 
long subsequent medical practice in the Royal 
Navy, he never imagined that there could be 
an effective dietary intervention or that the 
standard Ship’s diet of unleavened bread and 
heavily salted meat was crucial in the patho-
genesis of scurvy, and he never pushed the 
Royal Navy to include citrus juice in ship’s 
provisions. It was left to others to make the 
case to finally establish new dietary standards 
for ships at sea, ironically around the time of 
Lind’s death in 1794 (Bartholomew 2002).

The goal of this introductory chapter is to 
provide a broad historical perspective and 
background for the reader to better under-

stand the progress and methodological 
advances in clinical research and trial design 
detailed in the chapters that follow and to 
serve as the backdrop to appreciate the neces-
sary adaptations of study design to the chal-
lenge of implementing clinical research and 
trials during public health emergencies 
(Fleming and Ellenberg 2016; NASEM 2017). 
The focus throughout will be on severe emerg-
ing infectious diseases, using the 2014–2015 
Ebola outbreak in West Africa and the coro-
navirus disease 2019 (COVID-19) pandemic 
of 2020–2023 as critical turning points to 
explore.

2  Evolution of Clinical Trial 
Methodology

Systematic study of investigational clinical 
interventions has undergone considerable 
change and development, particularly over 
the past century. Methodological rigor and 
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both quantitative and qualitative approaches 
have evolved. Ethical principles as they apply 
to clinical trials have been elaborated and sys-
tematized to protect the interests, rights, and 
safety of trial subjects. Disagreements remain, 
however, as innovations open new avenues of 
clinical trial designs to evaluate therapeutics 
and vaccines during public health emergen-
cies, such as infectious disease pandemics. At 
least four major issues must be considered, 
and the following discussion presents histori-
cal background for the current debate on best 
ethical and study design practices (7 Chap.  

22, In Practice 14.1, and In Focus 22.1).

2.1  The Inclusion of a Placebo 
Group in Clinical Trial Design

Clinical trials to evaluate the safety and effi-
cacy of interventions to alter the natural his-
tory of diseases must have a comparison 
group which does not receive the intervention 
being studied. It has taken some time to agree 
that such a control group should consist of 
subjects with similar demographic character-
istics and exposure to the condition under 
study, and it is essential that controls have 
similar clinical manifestations as the interven-
tion group and differ only in the fact that they 
do not receive the treatment of interest. For 
the past 250  years, the control intervention 
has increasingly been a placebo, particularly 
something believed to be inert that is made to 
look like and be administered similarly to the 
actual intervention, e.g., a sugar pill or a safe 
medicinal product with no known or demon-
strable physiological or clinical effect on the 
disease of interest. This practice traces back 
to at least the late eighteenth century, at first 
driven principally by pragmatic concerns to 
“satisfy the patient’s demand [for treatment] 
and his expectations … for the satisfaction of 
the patient’s mind, and not with the view of 
producing any direct remedial effect” (Jütte 
2013). This was accomplished by providing 
“simple, feeble, or altogether powerless, non-
perturbing medicines.” The placebo’s value in 
research was to create a comparison group 
managed as similarly as possible except for 

the therapeutic potential of  the study inter-
vention, but it took until the mid-twentieth 
century for the placebo-controlled, double-
blinded trial to become the cornerstone of 
clinical research (Modell and Houde 1958; 
Shapiro and Shapiro 1997).

Over the past 75  years, as clinical trials 
have become indispensable in the develop-
ment of therapeutic interventions, concerns 
about placebo control groups have emerged. 
For example, the ethical principle of benefi-
cence, which mandates that physicians must 
act to minimize the risk of harm to their 
patients while maximizing potential benefits, 
raises the ethical dilemma of providing poten-
tial treatment to some and nothing but pla-
cebo to others in clinical trials. This seems 
especially egregious in the midst of an uncon-
trolled epidemic (Adebamowo et  al. 2014). 
Uncertainties have also arisen about the 
potential impact of placebos on the evalua-
tion of safety and efficacy in controlled clini-
cal trials due to the clinical placebo effect. 
Indeed non-efficacious interventions will also 
have a placebo effect, so the placebo arm is 
needed for a proper comparison. The placebo 
effect is a phenomenon described as the 
“power of inert substances to provide striking 
relief  for a wide variety of symptoms [as well 
as] the frequent occurrence of side-reactions 
following their use” (Lasagna et al. 1954). The 
effects have been attributed to the “eager con-
fidence of the patient in the skill of his physi-
cian, and the firm expectation of relief  by his 
means [and] sometimes a wonderful efficacy 
in restoring health” (Douglas 1754). Indeed, 
mounting interest in the therapeutic use of 
placebos has been the subject of a recent 
meta-analysis of 11 clinical trials for condi-
tions as varied as back pain, cancer-related 
fatigue, attention deficit hyperactivity disor-
der, allergic rhinitis, major depression, irrita-
ble bowel syndrome, and menopausal 
symptoms, which concludes there is a statisti-
cally significant positive effect of placebo as 
treatment (von Wernsdorff  et  al. 2021). 
Currently, a number of ongoing open-label 
clinical trials are comparing control subjects, 
who may or may not be told they are receiving 
a placebo, with a so-called “nocebo” group 
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who receive no placebo, with the intention of 
independently comparing each to the actual 
treatment intervention group.

2.2  Concurrent Versus Historical 
Control Groups

There are cogent arguments for the use of 
either concurrent or historical control groups 
in clinical trials, although the latter are based 
primarily on convenience, cost, and the argu-
ment by some that denying a possibly effective 
intervention for a severe potentially lethal dis-
ease is ethically unacceptable. The underlying 
concern for the latter, however, has recently 
been reframed by the “right to try” argument, 
particularly for individuals with fatal diseases 
who have nothing to lose by seeking direct 
access to a still unevaluated intervention, even 
if  these may result in severe or lethal conse-
quences (Frieden 2017b) above and beyond 
their potentially being ineffective, as, for 
example, the use of chloroquine or hydroxy-
chloroquine to treat COVID-19 (Veatch 
2020). The same argument can be used to 
challenge the use of placebo controls in clini-
cal trials and is relevant as well to the choice 
between concurrent or historical control 
groups.

For the past 75 years, the “gold standard” 
trial design has been the randomized con-
trolled trial (RCT) (Hariton and Locascio 
2018). RCTs allow a reliable assessment of 
both the safety and efficacy of the interven-
tion, removing time-dependent variables as 
sources of error. Statisticians and epidemiolo-
gists have tended to encourage large sample 
size trials, partly because multivariate analysis 
can allow for multiple comparisons between 
various intervention and control arms of a 
trial, making rigorous matching of the study 
groups less critical. There are other ways to 
minimize unintentional bias in the interpreta-
tion of trial results, for example, administer-
ing a placebo to the control group as noted 
above. In some circumstances, it is possible to 
randomize controls to receive a known safe 
medication or vaccine that is in clinical use for 
a different indication and is expected to have 

no effect on the condition being studied, other 
than a possible placebo effect. This can be 
particularly important when ongoing clinical 
experience with a disease leads to substantial 
improvements in standards of clinical care 
that, over time, radically alter the very 
 outcomes that are the primary variables to 
assess in the clinical trial.

This was the case during the West Africa 
Ebola outbreak in 2014, when the mortality 
rate progressively diminished from the early 
days of the outbreak in May–June 2014 to the 
period from September to December 2014 
because of improved clinical care (NASEM 
2017). Although mortality among historical 
controls used for comparison in a study in 
Guinea of the antiviral drug favipiravir was 
considerably greater than the mortality rate 
during the subsequent single-arm clinical 
trial, the authors were unable to conclude 
whether the treatment was truly effective 
(Sissoko et  al. 2016). Nonetheless, the treat-
ment was adopted in the optimized standard 
care guidelines for Ebola in Guinea. The ques-
tion of its efficacy remains uncertain, even 
after suggestive positive information emerged 
from later animal studies and extrapolation 
from mathematical modeling, because no 
human trial results are available to document 
this definitively (Madelain et al. 2020).

An often-cited argument for the use of his-
torical controls is that of Stuart Pocock 
(1976), who emphasized their potential effi-
ciency, especially the combination of histori-
cal and concurrent randomized controls in 
trials. Among the major considerations 
Pocock cited were the availability of historical 
control data before a new study began and the 
potential to minimize study risks, diminish 
the number of participants required, and thus 
reduce trial costs, shorten enrollment time, 
and lower potential bias due to dropouts. 
Pocock believed this procedure would also 
enhance participant accrual, attracting 
patients who would have been unwilling to be 
randomized to a control arm and accelerating 
trial completion and incorporation of new 
information into practice. These features 
would be of particular advantage for clinical 
trials in a pandemic emergency, when spiral-
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ing caseloads could cause clinical services to 
implode, require triage of patients to care or 
no care, and/or preclude admission to the hos-
pital, let alone an intensive care unit, and 
interfere with provision of health services to 
patients with other health conditions. Such 
impacts were well-documented during the 
2014–2016 West Africa Ebola epidemic 
(Brolin Ribacke et al. 2016) and the COVID-
19 pandemic (Lau et al. 2022; Mak et al. 2022; 
SeyedAlinaghi et al. 2022).

There are major concerns beyond the fact 
that for a novel virus such as severe acute 
respiratory syndrome coronavirus 2 (SARS- 
CoV- 2) there are no historical controls. For 
example, improved clinical diagnosis resulting 
in earlier identification of patients and initia-
tion of supportive care early during a novel 
outbreak could by itself  result in improved 
outcomes (Sissoko et al. 2016) independent of 
a therapeutic intervention. It may also be dif-
ficult to construct suitable comparative groups 
based on age, gender, racial, or other demo-
graphic characteristics (e.g., nutritional differ-
ences, co-morbidities, genetic susceptibility, 
or resistance to infection). You are stuck with 
the historical patients you have, and there is 
no opportunity to randomize patients and 
controls to the many variables of interest as 
the study is proceeding. Despite the potential 
benefit of smaller sample size, shorter dura-
tion, and reduced logistical complexity and 
costs, concurrent controls have generally been 
considered indispensable.

Yet historical controls, carefully identified 
and fully documented, may be of considerable 
value for certain clinical trials. For example, 
to identify treatments for rare diseases—their 
rarity, along with the possibility of a narrow 
time window when treatment has a positive 
impact, may limit the accumulation of 
matched control groups of sufficient size for 
analysis (Jansen-van der Weide et  al. 2018). 
Whereas rare diseases may exhibit consider-
able phenotypic heterogeneity, they often can 
be identified over long periods of time, allow-
ing for rare disease registries and identifica-
tion of individuals who would be motivated 
to participate in clinical research. Jansen-van 
der Weide et  al. (2018) have estimated there 

are over 700 active rare disease registries in 
Europe alone, with subject sizes sufficient to 
provide important insight into the natural his-
tory of the disease they track and the variabil-
ity of the patient population to help in the 
design of single-arm clinical trials (Viele et al. 
2014). Recent attention to methodological 
approaches to historical control groups for 
new clinical trials provides guidelines that can 
increase their statistical power and reduce 
type I errors or “false-positive” conclusions 
that the observed difference between an exper-
imental and a control group is real instead of 
reflecting sampling or experimental errors 
(Schoenfeld et  al. 2019; Viele et  al. 2014).
These insights can provide essential guidance 
in study design, including whether or not it 
would even be worthwhile to contemplate the 
use of historical controls in a particular study.

2.3  Randomization Versus 
Alternation in Enrollment

It had been common practice through the 
mid-1940s to alternate assignment of patients 
to an experimental intervention or a placebo 
control. This was the standard design in 1943 
when a double-blind placebo-controlled trial 
was initiated to treat the common cold with 
Patulin, an extract of Penicillium patulinum 
(Patulin Clinical Trials Committee 1944). The 
statistician, Philip D’Arcy Hart, “decided on 
an alternation procedure for allocating sub-
jects to study groups [and a] nurse made the 
allocations in strict rotation in a separate 
room.” However, the trial showed no protec-
tive effect, “a disappointing outcome for a rig-
orously controlled clinical trial and perhaps 
the last of its kind” (D’Arcy Hart 1999). A 
few years later, a trial to study streptomycin 
for the treatment of pulmonary tuberculosis 
being designed by a committee including 
D’Arcy Hart and Austin Bradford Hill, an 
epidemiologist and expert statistician, 
accepted Bradford Hill’s then-novel “alloca-
tion by random sampling numbers” approach 
(Marshall et al. 1948). The trial was a success, 
with a 6-month mortality rate of 7% (4/55) of 
patients treated with bedrest and 4 months of 
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streptomycin versus 29% (15/52) of patients 
treated with bedrest alone (p  <  0.01). 
According to D’Arcy Hart, “this was not a 
case of the doctrine of anecdotal experience 
knocking at the door and randomization 
emerging,” because Bradford Hill had been 
advocating randomization for several years to 
“better conceal the allocation schedule” 
(D’Arcy Hart 1999). Some 75 years later, any 
trial that does not randomize allocation to the 
various study arms is considered less rigorous 
from the get-go, able at best to provide a hint 
of the true outcome that would still need to be 
confirmed in subsequent randomized double- 
blind prospective controlled trials.

Many different units or clusters of ran-
domization can be applied, for example, com-
munities or villages, or social groups such as 
families, households or religious congrega-
tions, schools, hospitals, or worksites, in which 
everyone in the unit is treated the same but the 
units are randomized to the different arms of 
the study (Moberg and Kramer 2015). When 
designing treatment trials for infectious dis-
eases that spread within households, it might 
be tempting to randomize individuals within 
households to different arms of a clinical 
trial. However, this is seldom advisable 
because family members can be easily con-
fused about which medicine they should be 
taking, often compare the type and schedule 
for the treatment they are receiving, and find 
it difficult to understand why family members 
are being treated differently. In some settings, 
this could lead to sharing of medication 
among the family members to be sure every-
one accessed at least some of the active medi-
cation being studied. This has happened 
during HIV treatment trials with potential 
serious confounding of results during analysis 
(Moodley et al. 2016). Vaccine trial random-
ization within households, by contrast, makes 
sense since vaccine administration is discrete, 
supervised, and monitored.

In the Gambia Hepatitis B intervention 
study, immunization clinics were randomized 
following a stepped wedge design to receive 
supplies of the vaccine until all clinics in the 
country transitioned from control to interven-
tion (Kirk et al. 2004). Every newborn infant 
in the country became part of the study when 

they presented at their local clinic for the stan-
dard Expanded Program of Immunization. 
Clinics that had also been supplied with the 
vaccine administered the HepB immunization 
as part of the National Childhood Vaccine 
rollout. The endpoint of the trial was the inci-
dence of hepatoma (the most prevalent cancer 
in that part of the world) over the next 
30  years. For the ultimate analysis of hepa-
toma prevention, several independent ways, 
including age, birthplace, and fingerprints, 
were available to trace whether a child had 
been immunized many years before. This very 
large longitudinal study demonstrated that 
Hep B vaccination was highly effective at pre-
venting liver cancer and improved under-
standing of the pathogenesis of cirrhosis and 
cancer (Lin and Kao 2020).

In the successful international smallpox 
eradication program, a strategy of surveil-
lance and containment around each case of 
smallpox led to a ring of immunization of all 
family and contacts (Fenner et al. 1988; Foege 
et  al. 1975). Decades later, this basic design 
was implemented in a successful Ebola vac-
cine trial in which every case discovered led to 
a ring of immunization of all the patient’s 
close contacts (Henao-Restrepo et  al. 2017). 
The randomization occurred between groups 
immunized immediately or delayed for 
21 days, and the end point was incident cases 
of Ebola virus disease. However, a heated aca-
demic debate emerged about the validity of 
this design and the statistical analysis of the 
results. While it was not a randomized con-
trolled trial in the strict sense of the term, 
because all subjects received vaccine within a 
few weeks of one another, it provided data 
useful for subsequent trials and for interna-
tional registration of the vaccine. Despite the 
difficulties of mounting well-controlled trials 
in the countries where Ebola outbreaks were 
occurring, “a worldwide partnership provided 
the foundation upon which a recombinant 
Vesicular Stomatitis Virus Zaire Ebola glyco-
protein vaccine rVSV-∆G-ZEBOV-GP [the 
Merck vaccine now approved and marketed 
as Ervebo]) could be successfully developed 
and licensed in approximately 5 years” (Wolf 
et al. 2021). This development required assem-
bling a sufficiently sized database from multi-
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ple clinical trials in diverse populations and at 
the same time manufacturing vaccine for use 
in response to ongoing Ebola outbreaks.

Several new intervention protocols were 
suggested during recent Ebola epidemics, 
including adaptive designs in clinical trials. 
These adaptive designs were intended to make 
trials more flexible by utilizing results accu-
mulating during the trial to modify the trial’s 
course in accordance with prespecified rules. 
It has been claimed that “trials with an adap-
tive design are often more efficient, informa-
tive, and ethical than trials with a traditional 
fixed design,” because they often make better 
use of resources, such as time and money, and 
might require fewer participants (Pallmann 
et  al. 2018). Other experienced statisticians 
have questioned the validity of these asser-
tions (Buyse 2012). This will be further dis-
cussed in 7 Sect. 4.

2.4  Formal Ethical and Regulatory 
Frameworks

The dominant medical ethical framework 
before World War II was the Hippocratic oath 
commonly taken by physicians embarking on 
their studies and careers, pledging to adhere 
to the principle of Primum non nocere, “Above 
all, do no harm” (Smith 2005). The Nazi cam-
paign beginning in 1933 to “cleanse German 
society of individuals viewed as biological 

threats to the nation’s health” (U.S. Holocaust 
Memorial Museum 2022) and continuing 
through various medically supervised research 
experiments in the Nazi concentration camps 
from 1942 to 1945 demonstrated that the 
Hippocratic Oath alone cannot prevent atroc-
ities from being conducted in the name of sci-
ence (Roelcke 2004). The 1946–1947 
Nuremberg medical trial documented many 
such experiments, though it underestimated 
the number of victims because it focused on 
the perpetrators who were arrested for con-
ducting or abetting coerced research, most of 
them physicians and Nazi officials (Weindling 
et al. 2016). The Tribunal ultimately sentenced 
12 defendants to death, three to life imprison-
ment, and four to long prison terms, while 
acquitting three.

The Nuremberg Code for the conduct of 
human research, still considered by some to 
be “the most important document in the his-
tory of the ethics of medical research” 
(Shuster 1997) and a transformative step for-
ward, was a legacy of the trial. It included ten 
guidelines for research using human subjects 
(7 Box 1), bookended by two critical princi-
ples: first that voluntary and informed con-
sent of the subject was essential before a study 
began and last that the scientists in charge 
must terminate the experiment if  there was 
probable cause to believe continuation would 
result in injury, disability, or death of the par-
ticipant (Nuernberg Military Tribunals 1949).

Box 1: Nuremberg Code (Nuernberg 
Military Tribunals 1949)
 1. The voluntary consent of the human sub-

ject is absolutely essential. The duty and 
responsibility for ascertaining the quality 
of the consent rests upon each individual 
who initiates, directs or engages in the 
experiment. It is a personal duty and 
responsibility which may not be delegated 
to another with impunity.

 2. The experiment should be such as to yield 
fruitful results for the good of society, 
unprocurable by other methods or means 
of study, and not random and unnecessary 
in nature.

 3. The experiment should be so designed and 
based on the results of animal experimenta-
tion and a  knowledge of the natural history 
of the disease or other problem under study 
that the anticipated results will justify the 
performance of the experiment.

 4. The experiment should be so conducted as 
to avoid all unnecessary physical and men-
tal suffering and injury.

 5. No experiment should be conducted where 
there is an a priori reason to believe that 
death or disabling injury will occur; except, 
perhaps, in those experiments where the 
experimental physicians also serve as sub-
jects.
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 6. The degree of risk to be taken should never 
exceed that determined by the humanitar-
ian importance of the problem to be solved 
by the experiment.

 7. Proper preparations should be made and 
adequate facilities provided to protect 
the experimental subject against even 
remote possibilities of  injury, disability, 
or death.

 8. The experiment should be conducted only 
by scientifically qualified persons. The 
highest degree of skill and care should be 
required through all stages of the experi-
ment of those who conduct or engage in the 
experiment.

 9. During the course of the experiment, the 
human subject should be at liberty to bring 
the experiment to an end if  he has reached 
the physical or mental state where continu-
ation of the experiment seems to him to be 
impossible.

 10. During the course of the experiment, the 
scientist in charge must be prepared to ter-
minate the experiment at any stage, if  he 
has probable cause to believe, in the exer-
cise of the good faith, superior skill and 
careful judgment required of him that a 
continuation of the experiment is likely to 
result in injury, disability, or death to the 
experimental subject (. Fig. 2).

       . Fig. 2 Dr. Karl Gebhardt is shown as he pleads 
not guilty during the trial of  the 23 German doc-
tors who had conducted experiments on human 
“guinea pigs.” Gebhardt was ultimately hanged 

for war crimes, including medical “experiments” 
at the Ravensbrück and Auschwitz camps. (Photo-
graph by U.S. Army, T/4 Hewitt. Public domain)

But even in the United States, which prose-
cuted the Nuremberg medical trial, research 
that grossly violated the principles of the new 
Code would continue for another 25  years. 
The most infamous example is the Tuskegee 
syphilis study, which recruited 600 African- 
American males with diagnosed syphilis into 
a natural history experiment begun in 1932, 
when the only known treatments, arsenicals 
or mercury, were also known to be highly 
toxic (CDC 2021). But within a few years 
after a landmark 1944 set of articles on peni-
cillin in the treatment of syphilis, widespread 
use of penicillin in all stages of syphilis (pri-
mary, secondary, tertiary, latent) resulted in 
dramatic decreases in the incidence of syphilis 
and associated mortality (Changing character 

of commercial penicillin, with suggestions as 
to the use of penicillin in syphilis 1946; 
Douglas Jr. 2009). Nonetheless, the Tuskegee 
study continued unchanged (. Fig. 3).

Fifteen years after the Nuremberg Trial, a 
30-year review of the Tuskegee Study of 
Untreated Syphilis was published by CDC 
(Rockwell et al. 1964). The report documented 
increased mortality and morbidity in the 
infected cohort, nearly all of whom were posi-
tive by the fluorescent treponemal antibody 
absorption test, a marker of more advanced 
syphilis. In the interim, no systematic pro-
gram to treat these individuals had been 
established, nor was there a plan to offer pen-
icillin to any of the remaining survivors in 
1963. Tuskegee remained an observational 
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       . Fig. 3 Participants in the Tuskegee syphilis study. (Department of  Health Education and Welfare via National 
Archives, USG Public Domain)

natural history study as far as the investiga-
tors and the CDC were concerned, and it con-
tinued unchanged.

In 1964, Henry Beecher and Jay Katz were 
each leading further transformations in think-
ing about the ethical conduct of human clini-
cal research, focusing on informed consent 
and the responsibility of investigators to their 
subjects (Capron 2016). In the same year, the 
World Medical Association (WMA) issued its 
initial Declaration of Helsinki, affirming 
among other important precepts that the 
“nature, the purpose and the risk of clinical 
research must be explained to the subject by 
the doctor, … cannot be undertaken without 
his free consent after he has been informed, 
[and] the investigator or the investigating team 
should discontinue the research if  in his or 
their judgement, it may, if  continued, be 
harmful to the individual” (WMA 1964). The 
full impact of the changing standards for eth-
ical conduct of clinical research and its codifi-
cation for non-wartime practice by the WMA 
was not felt by those with ongoing responsi-
bility for the Tuskegee study until Jean Heller 
of the Associated Press published an exposé 
on July 25, 1972, headlined “Syphilis Victims 
in U.S. Study Went Untreated for 40 Years,” 

receiving immediate national attention (Heller 
1972). The very first sentence was a block-
buster: “For 40 years the United States Public 
Health Service has conducted a study in which 
human beings with syphilis, who were induced 
to serve as guinea pigs, have gone without 
medical treatment for the disease and a few 
have died of its late effects, even though an 
effective therapy was eventually discovered.”

The repercussions were swift. Public out-
cry led to the appointment of an Ad Hoc 
Advisory Panel by the Department of Health, 
Education and Welfare, to review the study’s 
history. Its 1973 report concluded it was “eth-
ically unjustified.” Furthermore, although the 
report determined the subjects had agreed 
freely to be examined and treated there was no 
evidence the researchers had informed them 
of the real purpose of the study (HEW 1973). 
Far from being given all the facts required for 
informed consent, the participants had been 
misled. The report confirmed they were never 
offered penicillin after it became the drug of 
choice for syphilis, nor were they ever given 
the choice of quitting the study to receive pen-
icillin when it became widely available in 1953. 
A class-action lawsuit was filed on behalf  of 
the study participants and their families in 

19
2 Clinical Research on Infectious Diseases: An Overview



 

1973, leading to a US$10 million out-of-court 
settlement under which the U.S. government 
established the Tuskegee Health Benefits 
Program (THBP) to provide lifetime medical 
benefits and burial services to all living par-
ticipants (Capron 2016). In 1975, THBP 
extended the benefits to wives, widows, and 
offspring of the participants. The last study 
participant died in January 2004, and the last 
widow receiving THBP benefits died in 
January 2009.

In the wake of the 1972 revelations, the 
U.S. government also established a National 
Commission for the Protection of Human 
Subjects of Biomedical and Behavioral 
Research under the National Research Act of 
1974. Its mission was to identify “the basic 
ethical principles that should underlie the con-
duct of biomedical and behavioral research 
involving human subjects and [develop] guide-
lines to assure that such research is conducted 
in accordance with those principles” (National 
Commission for the Protection of Human 
Subjects of Biomedical and Behavioral 
Research 1979). The resulting Belmont 
Report1 was published in 1979, and it contin-

1 Named for the Belmont Conference Center of  the 
Smithsonian Institution where the Commission 
met, not for a commissioner.

ues to serve as a reference for clinical research 
ethics in the United States and elsewhere. It 
identified three basic ethical principles that 
must be operative in clinical research and tri-
als involving human subjects: respect for per-
sons, beneficence (including respecting their 
decisions, protecting them from harm, and 
making efforts to secure their well-being), and 
justice (in the sense of fairness in distribution). 
These principles were applied to informed 
consent, assessment of risk and benefit, and 
selection of subjects. Other efforts have pro-
vided additional guidance and perspective, 
including multiple revisions of the Helsinki 
Declaration, the latest in 2013 (WMA 2013), 
and several reports of the Council for 
International Organizations of Medical 
Sciences (CIOMS), often in collaboration 
with WHO. The latest, “International Ethical 
Guidelines for Health-Related Research 
Involving Humans,” was published in 2016 
(CIOMS). These substantial reports and the 
active dialog around the guidelines, recom-
mendations, and rules have been usefully sum-
marized by Christine Grady for the Hastings 
Center (Grady 2008) (7 Box 2).

Box 2: Requirements of  Ethical Clinical 
Research (Grady 2008)
Value: Ethical research should aim to answer 
a clinically, scientifically, or socially valuable 
question that will contribute to generalizable 
knowledge about health or be useful in 
improving health.

Validity: Ethical research should have an 
appropriate, rigorous, and feasible design, end 
points, methods, and implementation plans to 
ensure valid and interpretable data.

Fair subject selection: The process and 
outcomes of  subject and site selection should 
be fair and based on scientific appropriate-
ness, minimization of  vulnerability and risk, 
and maximization of  benefits.

Favorable risk-benefit: Research risks 
should be minimized and justified by potential 
benefits to participants and/or to society (the 
value of  the knowledge).

Independent review: Independent review 
should evaluate adherence to ethical guide-
lines in the design, conduct, and analysis of 
research.

Informed consent: Research should 
include clear processes for providing adequate 
information to and promoting the voluntary 
enrollment of  research participants.

Respect for enrolled: Both during and at 
the conclusion of  research, actions should 
demonstrate respect for the rights and welfare 
of  participants.
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Ethical challenges are magnified when health-
care research is carried out in developing 
countries but funded by sponsors from higher-
income countries; inequalities in resources 
and power pose a threat of exploitation. The 
Nuffield Council in the UK published a thor-
ough review of ethical considerations for 
studies involving developing country popula-
tions in 2002 (Nuffield Council on Bioethics 
2005). The ethical framework underpinning 
their approach was based on four principles 
or duties:

 5 Alleviate suffering
 5 Show respect for persons
 5 Be sensitive to cultural differences
 5 Not exploit the vulnerable

The last of these principles highlights the 
power of money and implicit expectations of 
the more affluent research partners to define 
the conditions of research, the scientific 
review process, and the nature of the ethics 
review process. The asymmetric power struc-
ture has been recognized, and an organiza-
tional learning tool to identify and address 
these issues has been developed by the Coun-
cil on Health Research for Development 
(COHRED) and published as the Research 
Fairness Initiative or RFI (Research Fairness 
Initiative 2022).

In 2004, the Nuffield Council organized a 
joint workshop with the South African 
Medical Research Council, including many 
researchers and ethicists from low-income 
countries. The workshop report pointed out 
important challenges that were usually not 
considered in the application of imported eth-
ical research standards to studies organized 
and funded by external entities and conducted 
in resource-limited settings (Nuffield Council 
on Bioethics 2005). Among them were incon-
sistencies in guidelines from different funders, 
varying requirements for informed consent, 
the standard of care offered to study partici-
pants including control groups, the use of pla-
cebos, and obligations to provide access to 
successful therapy to research participants 
when the studies end. Additional specific con-
cerns were raised, including the challenges of 
obtaining consent in emergency settings, 

whether the proper standard of care for con-
trol groups in therapeutic or vaccine trials was 
to be the best available anywhere or the best 
available locally, and pragmatic barriers to 
faithful adherence to all provisions within 
these guidelines.

These discussions made it clear that before 
the research starts major negotiations among 
the partners are required around an interna-
tionally accepted agenda, oriented to creating 
a viable partnership between the local and 
international parties, including what happens 
after the research ends. Does the control arm 
in a randomized controlled trial gain access to 
a successful and helpful intervention? Does 
the country hosting the trial have broader 
access to the intervention and who pays for 
this, how much, and for how long? And, while 
there may be a scientific advantage to pro-
longing the study to document attributable 
longer-term adverse events, is there any finan-
cial commitment by the sponsor to care for 
those who suffer serious adverse events during 
a trial, including the potential for compensa-
tion and support well beyond the trial when 
these events are persistent or ultimately fatal? 
Are there any provisions for concomitant 
health care for other conditions among those 
enrolled in research studies?

Pretrial negotiations require competent 
negotiators on both sides to ensure that the 
vulnerable are not exploited. RFI provides a 
systematic approach and learning experience 
for all partners, for example, clarifying the 
standard of care to be afforded to control 
groups (Research Fairness Initiative 2022). 
Ideally, there should be a universal standard 
of care so that people in different countries 
receive the same basic level of care and treat-
ment during research. In some circumstances, 
of course, it may not be possible to adopt 
such a universal standard of care, particularly 
when applicable technology is available in 
high-income countries but would not be fea-
sible in low-income countries with limited 
technical capacity. In an ideal world, such 
variations in healthcare resources throughout 
the world would be eliminated, but this is not 
the direct responsibility of the clinical trial. 
However, when resources are limited and 
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       . Fig. 4 Community meeting to discuss a clinical research project in West Africa. (Courtesy Laura McNay)

unequally distributed, it must at a minimum 
be assured that the best care available locally 
as part of the existing health system is pro-
vided to everybody. For a research program in 
practice, this means all subjects are enrolled in 
all arms of the research protocol (. Fig. 4).

Several initiatives arising from these con-
cerns have begun to diminish the gap in ethi-
cal standards for clinical trials among nations. 
First was the creation of ethics training pro-
grams based in resource-limited settings 
involving professionals from those countries 
and supported by outside research and train-
ing institutions (Millum et al. 2013). Second, 
the Global Forum on Bioethics in Research 
was established to provide a regular confer-
ence for research ethics practitioners from 
around the world to discuss, assess, and make 
recommendations to improve the ethical con-
duct of research (Hunt et  al. 2019). Third, 
regional networks of bioethics experts were 
established to consult, learn, and collaborate 
with one another with the support of the 
World Health Organization (WHO) and the 
Pan American Health Organization. In 
January 2020, the Nuffield Council on 
Bioethics published a report on ethical con-
siderations for research during health emer-
gencies just as the COVID-19 pandemic began 

to spread within and outside of China 
(Nuffield Council on Bioethics 2020). This 
report will be discussed in 7 Sect. 4, which 
addresses research during public health emer-
gencies.

3  Critical Ground Rules 
for Research Studies During 
Epidemics

In addition to ensuring clinical trials are fair, 
ethical, and rigorous and produce evaluable 
results, the practice of clinical research during 
public health emergencies is complicated by 
the urgency stemming from the rapid spread 
of disease when effective tools and counter-
measures may not exist or are in short supply. 
Capacity to identify and care for affected 
patients can be compromised by a grossly 
overloaded healthcare system, local authori-
ties and health experts beset by a crisis for 
which they lack training and experience, and 
medical humanitarian organizations prioritiz-
ing immediate humanitarian response over 
research needs which they may view as 
unlikely to help mitigate or stop the outbreak. 
But in many cases such research can only be 
conducted while disease transmission contin-
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ues and enough patients are available for 
enrollment in well-designed, approved clinical 
trials. To overcome such barriers, comprehen-
sive, accepted ground rules are needed to 
guide the implementation and conduct of 
clinical research in general and trials in par-
ticular during epidemics.

3.1  Jurisdictional Levels 
and Collaborations

Pandemics by definition cross jurisdictions 
and require multidimensional collaborations 
that are challenging to manage. When an epi-

demic involves only one country, the national 
government and ministry of health are in con-
trol, even though the WHO country office is 
generally monitoring the situation. Under the 
International Health Regulations (IHR) of 
2005, which came into force in 2007, countries 
experiencing outbreaks of infectious diseases, 
whether due to known agents or a new emerg-
ing pathogen, are responsible for surveillance 
to identify the event, report it to WHO, and 
take initial steps to control the outbreak 
(WHO 2016b). WHO applies a grading sys-
tem of three levels of increasing concern to 
assess the urgency of a reported cluster of 
cases or a progressing outbreak within a coun-
try (7 Box 3) (WHO 2017b).

Box 3: WHO Levels for Graded Emergencies
Ungraded: A public health event or emer-
gency that is being monitored by WHO but 
that does not require a WHO operational 
response.

Grade 1: A single-country emergency 
requiring a limited response by WHO, but 
that still exceeds the usual country-level coop-
eration that the WHO Country Office (WCO) 
has with the member state. Most of  the WHO 
response can be managed with in-country 
assets. Organizational and/or external sup-
port required by the WCO is limited. The pro-
vision of  support to the WCO is coordinated 
by an emergency coordinator in the regional 
office.

Grade 2: A single-country or multicountry 
emergency, requiring a moderate response by 
WHO. The level of  response required by 
WHO always exceeds the capacity of  the 
WCO. Organizational and/or external support 
required by the WCO is moderate. The provi-

sion of  support to the WCO is coordinated by 
an emergency coordinator in the regional 
office. An emergency officer is also appointed 
at headquarters to assist with the coordina-
tion of  organization-wide support.

Grade 3: A single-country or multicountry 
emergency, requiring a major/maximal WHO 
response. Organizational and/or external sup-
port required by the WCO is major and 
requires the mobilization of  organization-
wide assets. The provision of  support to WCO 
is coordinated by an emergency coordinator in 
the regional office(s). An emergency officer is 
also appointed at headquarters to assist with 
the coordination of  organization- wide inputs. 
On occasion, the WHO executive director and 
regional director may agree to have the emer-
gency coordinator based in headquarters. For 
events or emergencies involving multiple 
regions, an incident management support 
team at headquarters will coordinate the 
response across the regions (WHO 2017b).

The devil is in the details, and these include 
how minimal, moderate, or substantial public 
health consequences are defined and opera-
tionally addressed. The critical failures of the 
system during the initial months of the West 
Africa Ebola outbreak in 2014 resulted in a 
major revision of the structure for the entire 
WHO Health Emergencies Programme, with 

greater engagement and oversight at WHO 
Headquarters (Independent Panel for 
Pandemic Preparedness and Response 2021; 
WHO 2022b). Since 2016, the Executive 
Director of the WHO Health Emergencies 
Program in Geneva and WHO Regional 
Directors consult regularly when there are 
ongoing graded events and may jointly decide 
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to move the emergency coordinator function 
to WHO Headquarters. When multiple 
regions are involved, an incident management 
support team is assembled at WHO 
Headquarters to coordinate the response.

If  country-level measures fail to achieve 
control of a Grade 3 outbreak, further inter-
ventions come under the IHR (2005), which 
are legally binding for the 196 signatory 
nation states (WHO 2016b). When WHO 
identifies an uncontrolled outbreak and deter-
mines that it is potentially an international 
public health risk and may need a coordinated 
multiparty response, the Director General, 
with the advice of a standing emergency com-
mittee of experts, can declare a public health 
emergency of international concern (PHEIC) 
to mobilize and implement broad interna-
tional responses. To the country or countries 
concerned, this action may appear to override 
national government authority and shift it to 
WHO and other outside organizations with 
more expertise, experience, and resources, 

including human capacity, materials, logisti-
cal support, and of course financing. 
Declaration of a PHEIC can be a difficult 
decision to make, and political interests and 
bureaucratic inertia can delay crisis response, 
especially when assessed in retrospect 
(Durrheim et al. 2020). A second major func-
tion of IHR (2005) is to set minimum require-
ments for the core capacities of nations to 
address outbreaks and to help resource- 
limited nations build the capability to rapidly 
detect an outbreak, report to WHO, and 
respond in an appropriate manner. WHO has 
lacked the human and financial resources for 
core capacity strengthening, and while there 
has been increased investment since the West 
Africa Ebola outbreak, for example, with 
financial and partnership inputs from the 
Global Health Security Agenda, the state of 
global preparedness overall can hardly be 
considered to meet required minimum stan-
dards (GHSA 2022; Kluge et  al. 2018) 
(. Fig. 5).

       . Fig. 5 Major goals of  the International Health Regulations (2005) (7 https://cdn. who. int/media/docs/default- 
source/documents/ihr- factsheet- euro. pdf ?sfvrsn=2a5c364_6). (Courtesy WHO)
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Seven PHEICs have been declared since 
the IHR went into effect in 2007 (7 Box 4). 
The most recent two, for COVID-19 and 
mpox, were the most rapidly implemented, 
hopefully because recent experience has been 
translated into more efficient action. Affected 
countries may still resist declaration of a 
PHEIC, however, for fear of an economic hit 
and perceived loss of control over policy deci-
sions to an international response. 
Implementation can be especially fraught in 
countries with limited facilities and insuffi-
cient human capacity to carry out the diverse 

response actions required. This is often com-
plicated further by issues of mistrust between 
governments and affected communities, espe-
cially in countries with autocratic leadership 
and/or active conflict zones. Lessons from 
recent outbreaks make clear that WHO and 
its international partners must engage closely 
with national and local governments, their 
research and public health institutions, as well 
as local opinion leaders, religious leaders, tra-
ditional healers, media, and communications 
experts to establish informed support for 
appropriate interventions.

Box 4: PHEIC Declarations by WHO Under 
IHR (2005)
2009: Influenza A (H1N1): Declared in April 
2009 because of  rapid spread due to verified 
human-to-human transmission and sustained 
community-level outbreaks in multiple coun-
tries.

2014: Poliovirus: Declared in May 2014 
because the international spread of  polio was 
deemed a crisis for global polio eradication. 
This PHEIC continues because the risk of 
international spread of  polio persists.

2014: Ebola Virus: Declared in August 
2014 because of  the uncontrolled Ebola out-
break in West Africa, and it was obvious the 
affected counties did not have the capacity to 
manage an outbreak of  this size and complex-
ity without organized international support.

2016: Zika Virus: Declared in February 
2016 and driven primarily by a simultaneous 

epidemic of neurological anomalies, in particu-
lar congenital microcephaly, as cases spread 
primarily in South and Central America, and 
the Zika virus threatened to spread to other 
regions of the world.

2019: Ebola Virus: Declared in July 2019 
following a year of  uncontrolled spread in 
conflict areas of  the Democratic Republic of 
Congo, with the threat of  spread to contigu-
ous countries and worldwide.

2020: SARS-CoV-2: Declared in late 
January 2020 because of  spread to five WHO 
regions within the first month of  the outbreak 
and documented human-to- human transmis-
sion.

2022: Monkeypox: Declared in July 
2022 because of  a rapidly escalating num-
ber of  cases in countries where the virus 
had not previously been seen, especially in 
Europe.

3.2  Community Engagement

The West Africa Ebola outbreak of 2014–2016 
demonstrated that close community engage-
ment and communication to build consensus 
for effective health care and public health 
interventions were also critical to the success 
of a research program (Keusch and McAdam 
2017; NASEM 2017). It was not until local 
community leaders were engaged and agreed 
to partner with national and international 
researchers to inform the population of the 

need for a research response and trust in the 
research team that essential clinical research, 
including clinical trials of therapeutics and 
vaccines, could move forward. Unfortunately, 
months were wasted due in part to the slow 
declaration of a PHEIC, logistical require-
ments in three least developed countries, and 
the time needed to establish effective commu-
nications between the research program and 
the local community. The delay effectively 
precluded the studies from reaching clear con-
clusions regarding efficacy and safety of the 
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interventions they studied. By the time the 
studies began, public health measures had 
brought transmission down to the point that 
it was no longer possible to accrue enough 
events for reliable evaluation (NASEM 2017).

An avalanche of international advisors, 
high-level global health experts, nongovern-
mental organizations, leading research insti-
tutions, large funding agencies, even public 
figures from music, sports, and film, using dif-
ferent languages to convey different messages, 
is guaranteed to be confusing, if  not intimi-
dating. Leadership, coordination, and com-
mitment to a shared agenda are critical. This 
may initially require a fine balance between 
representatives of the main actors, but estab-
lishing a broader coalition including local 
leaders quickly becomes essential. 
Interventions may range from altering tradi-
tional burial practices to the involvement of 
national and international military personnel 
with logistical support and, if  necessary, secu-
rity. These actions can ramp up the threat and 
fear felt by the community. Varying messag-
ing, disinformation spread by local and social 
media, competition for priority and power 
among constituencies, mixed cues from heads 
of state and other leaders, and predictable 
misunderstandings are a good recipe for con-
fusion and disorder. To cut through the chaos, 
specific methodologies for group engagement 
have been used successfully for engaging com-
munities in research programs, including 
Appreciative Inquiry (Cooperrider and Fry 
2020; Cooperrider and Whitney 2005), 
Community- Based Participatory Research 
(Appiah 2020; Salma and Giri 2021), and the 
WHO Community Engagement Framework 
(WHO 2017a) (7 Chap. 18).

3.3  Identifying and Clarifying 
the Elements of Engagement

By including the multiple areas likely to 
engender distrust in the agenda of community 
outreach from the start, researchers can 
improve the likelihood of a successful 
 outcome. We note seven critical steps:

 1. Agreement on the processes of ethical 
assessment and approval

 2. Detailed financial management and 
accountability plans

 3. Provision of healthcare support and nec-
essary laboratory capacity for those 
engaged in the care of research partici-
pants

 4. Equitable ownership and sharing of data 
agreements

 5. Capacity enhancement and training incor-
porated into every aspect of assistance

 6. Addressing affordable access to therapeu-
tics and vaccines to improve the standard 
of care after the trials are completed

 7. Provisions to turn over new facilities and 
equipment enhancements to the national 
healthcare and health research systems in 
a long-term and sustainable manner

Many epidemics involve resource-limited 
countries where research facilities, experi-
enced clinical investigators, trialists, and 
trained research personnel are in short supply. 
Support for these countries to develop and 
sustain the necessary capacities, usually 
through continuing collaborations, must be 
openly discussed, planned in detail, formally 
agreed upon, and budgeted collaboratively 
upfront.

Achieving high-quality “trusted institu-
tions” (International Vaccines Task Force 
2018) for clinical research in low- and even 
middle-income countries is a long-term goal, 
requiring national institutions with strong 
governance, dedicated clinical researchers, 
skilled staff  trained in essential competencies 
and trusted to deliver high-level clinical ser-
vices to the population, research expertise, 
and the capacity to manage large budgets and 
data sets accountably. This is a daunting chal-
lenge. Recent efforts have identified research 
and development partnerships with resources 
needed to prepare for and respond to a PHEIC 
of the future and the financial resources 
required (Lurie et  al. 2021). Guidelines for 
developing and assessing trusted institutions, 
as well as evaluation frameworks for the fair-
ness of research partnerships between national 
institutions and international partners, such 
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as the COHRED Research Fairness Initiative, 
add credibility standards and meet the chal-
lenge of building networks of accredited clini-
cal research institutions worldwide (Research 
Fairness Initiative 2022). Potter and Brough 
(2004) provide a practical framework for 
thinking through the capacity elements 
needed to build trusted institutions that are 
capable partners for emergency research 
response (7 Chap. 8).

3.4  Broad-Based Scientific 
Participation

Clinical research and trials are not the sole 
domain of  clinical investigators, clinical care 
staff, epidemiologists, biostatisticians, and 
other medical experts. Experience, particu-
larly for pandemic-related research, has 
shown that the social and behavioral sciences 
are essential for managing the diverse soci-
etal challenges inherent in engaging the 
whole of  society in a research response. 
Indeed, civil emergencies require transdisci-
plinary and cross-government responses 
based on understanding and consideration 
of  deep-seated cultural mores and morals. 
One of  the common denominators in epi-
demics is fear, from the uncertainty about a 
new, little-understood condition upending 
the stable orderliness of  daily life to appre-
hension about one’s own vulnerability at the 
individual, family, and community levels 
(Martin et al. 2020).

Fear is often easily initiated, sustained, 
and amplified, as observed early in the HIV 
pandemic where fears of exposure and infec-
tion were expressed by healthcare workers and 
the general population alike and were slow 
and difficult to overcome. Fear also fuels 
stigma and embarrassment, leading to rejec-
tion and sometimes violence in the commu-
nity, with some people hiding signs of 
infection and delaying access to care and 
treatment. Others remain willing to acknowl-
edge their diagnosis despite stigmatization 
and to participate in clinical trials in the hope 
of obtaining effective interventions. Physicians 
and other professionals with expertise in 

research skills are often poorly trained to 
engage with people caught up by such 
unknown, often overwhelming, social cur-
rents. It takes a village of skilled professionals, 
together with people from the community 
who look and think like the affected popula-
tion, to turn fear into a commitment to com-
mon defense.

3.5  Communication 
and Messengers

The fears of infectious disease perceived by 
the public can be exacerbated by communica-
tion strategies intended to motivate action. 
For example, at the start of the HIV epidemic 
in the UK, a prominent media campaign 
showed toppling gravestones (AIDS: 
Monolith 1987). This memorable public 
health message was cancelled by the Chief 
Medical Officer, Donald Acheson, who pre-
ferred educating to frightening people. He 
replaced the campaign with a very different 
and more effective approach, HIV buddies, 
which many years later served as a model for 
community helpers during the COVID-19 
pandemic (Berridge and Strong 1992; Omoto 
and Snyder 1995). Lessons learned from pre-
vious outbreaks have guided strategies to 
engage the public. For example, in February 
2021, the U.S. National Academies of Science, 
Engineering, and Medicine published the 
results of a rapid expert consultation of the 
Academies’ Societal Experts Action Network 
on risk communication, how perceptions and 
social norms shape action, and how to 
enhance vaccine uptake in the United States 
through public outreach (NASEM 2021). 
During the COVID-19 pandemic, changing 
sources of information, including the rela-
tively new prominence of social media as a 
primary source of information and influence 
among the public, and their limited mecha-
nisms to prevent or remove misinformation 
and deliberate deception, have been cause for 
concern and have required reexamination of 
the balance between free speech and accuracy 
of information (Cuan-Baltazar et  al. 2020; 
Gabarron et al. 2021).
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A recent representative survey experiment 
randomly assigned over 7000 respondents to 
read pro-vaccine communication materials 
emphasizing one of three messages: personal 
health risks, economic costs, or the collective 
public health consequences of not vaccinat-
ing. The message source was also randomly 
delivered by “ordinary people” or medical 
experts. The information was designed as 
“pre-bunking” communication to reduce the 
chances of recipients accepting misinforma-
tion about the rigorous standards of clinical 
trials (Motta et al. 2021). The findings demon-
strated that “messages emphasizing the per-
sonal health risks and collective health 
consequences of not vaccinating significantly 
increase Americans’ intentions to vaccinate.” 
Much remains unknown, however, and there 
are many nuances and many more relevant 
research questions that need to be addressed 
within the context of public health interven-
tions during epidemics.

Communications must be recognized as a 
vital part of epidemic response. In Liberia 
during the 2014–2015 Ebola epidemic, most 
mass communication was via local radio 
(NASEM 2017). There were upwards of 40 
radio stations just around the capital, 
Monrovia, most in vernacular languages, 
along with social media, which led to widely 
different messaging and virtually no informed 
input to help accurately shape content. When 
the British Broadcasting Corporation was 
invited to help enhance local capacity for 
responsible journalism in Sierra Leone, the 
engagement itself, together with a useful 
monograph discussing the key principles of 
control, helped diminish differences and 
improve the validity of the communications 
among the many providers (Wilkinson 2016).

Language choice is also vitally important 
as people tend to prefer communication in 
their first language, which is often central to 
their cultural identity. It is remarkable, too, 
that whatever the age of the listener, popular 
music is most accurately recalled from their 
teenage “reminiscence bump” years (Munawar 
et al. 2018; Rao et al. 2021). Musical cues can 
be used most effectively when meaningful 

music styles from the adolescence of the lis-
tener are employed in the specific targeting of 
messages. In the Gambia, for example, health 
messages have been effectively passed on by 
Griots, local troubadours, and counterparts 
to medieval European minstrels (Rådelius 
2016). They are a living archive of speech and 
song that maintains oral traditions. It is evi-
dent that the person communicating, inten-
tionally or unintentionally, shapes messages 
according to gender, age, faith, dress, accent, 
humor, and personality. The message can eas-
ily have untoward effects if  the messenger’s 
demeanor appears self-aggrandizing or pomp-
ous to the audience (. Fig. 6).

The Ebola epidemic in West Africa also 
illustrated the importance of involving local 
decision-makers, including well-known com-
munity figures, faith leaders, traditional heal-
ers, traditional or tribal community leaders, 
and trusted elected government officials. In 
Guinea, an outside research team without 
“validation” by local decision-makers incited 
a local uprising that disrupted the progress of 
an important research program. “We don’t 
want them in there at all,” Marcel 
Dambadounou, a Guinea village chief  told 
the New York Times in July, referring to doc-
tors and aid workers battling Ebola. “We 
don’t accept their presence at all. They are the 
transporters of the virus in these communi-
ties.” He added, “we are absolutely afraid, and 
that’s why we are avoiding contact with every-
body—the whole world” (McCoy 2014). It 
required an intensive effort with local leaders 
to renegotiate the vaccine trial. When it 
became necessary to change deeply ingrained 
burial practices during the Ebola outbreak, 
anthropologists and local religious leaders 
helped to make alternative funeral arrange-
ments more acceptable (Manguvo and 
Mafuvadze 2015).

This became even more problematic as 
patients entered Ebola treatment units 
(ETUs). Because of necessary isolation proce-
dures, their family members were often unable 
to see or speak to them again before they died 
and were safely buried. The problems were 
often exacerbated by ignorance of local tradi-
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       . Fig. 6 Griots in Niger. (Credit: 7 Amadouibrahim2 Wikimedia, CC© BY 4.0)

tions. For example, in Liberia, the dead were 
at first placed in black body bags because that 
was what the international teams brought 
with them. However, in this society, white is 
the color of mourning and of the traditional 
burial shroud (Ebola Communication 
Network 2015). In fact, a black shroud sig-
naled disrespect. When the ETUs switched to 
white body bags, popular resistance dramati-
cally decreased. While the outsider staff  
assumed it did not matter, it was important to 
the local community. As the Ebola 
Communication Network (2015) noted, “we 
don’t know what we don’t know, but anthro-
pology can help us find out.” Local religious 
leaders and faith groups were essential to 
translating messages from the response and 
research teams into terms compatible with 
cultural and religious tradition. Only when 
people in the community learned from trusted 
leaders why it was necessary to adapt estab-

lished rites to the threat of Ebola were they 
able to overcome their reluctance to partici-
pate in Ebola response, clinical research, and 
trials.

The necessary transdisciplinarity of 
research during epidemics requires compli-
cated international collaborations and respect 
for the different research approaches and 
methods. In addition to the essential research 
expertise, this process requires assistance from 
social scientists and ethnologists who under-
stand and can effectively communicate with 
the local population. Collaboration among 
clinicians, public health practitioners, epide-
miologists, statisticians, laboratory scientists, 
and humanitarian organizations—both local 
and international—likewise requires effort 
and is facilitated by the involvement of expe-
rienced social scientists, whose role may not 
have been recognized previously as essential 
to the research team.
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Constructive communication with 
national and local politicians also requires 
outstanding communications and people 
skills. Working with individuals of different 
nationalities, languages, scientific disciplines, 
and prior experience in the stressful and 
urgent setting of an outbreak of severe dis-
ease in a limited resource setting is a test of 
leadership skills. It requires that participants 
have the necessary drive, spiced with humor 
and leavened with patience, along with out-
standing communication and teamwork 
 talents.

3.6  Special Considerations 
in Conflict Zones and Failed 
States

It is not surprising that emerging infectious 
disease outbreaks often occur in fragile, con-
flict, and violence zones as classified by the 
United Nations and the World Bank. The 
World Bank has taken note of the dramatic 
spike in violent conflict since 2010 on top of 
increasing sources of fragility, including cli-
mate change, rising inequality, demographic 
changes, poverty, illicit financial flows, and 
political and ideological factors (World Bank 
2022a) (7 Chap. 16). Even the provision of 
basic health care, including immunization of 
infants and children against childhood dis-
eases, becomes more difficult under such cir-
cumstances. The literature is spotty, however, 
with most of it focused on a handful of coun-
tries in the Middle East and the impacts on 
healthcare workers rather than on the popula-
tions being served (Bou-Karroum et al. 2020). 
The Ebola outbreaks in West Africa in 
2014–2016 and in the Democratic Republic of 
the Congo (DRC) in 2018–2020 have demon-
strated how seriously conflict, fragility, and 
violence can degrade outbreak response. Such 
factors can delay recognition of an outbreak 
and identification of the pathogen involved, 
hinder swift action to contain and control it, 
and complicate critical clinical trials to 
develop and assess potential countermea-
sures. The COVID-19 pandemic, with multi-

ple waves of infection over a relatively short 
time, has amplified existing stresses and ineq-
uities within and among countries; differen-
tial access to effective vaccines based on 
wealth has left much of the world’s popula-
tion waiting amid the health, social, political, 
economic, and moral crises the pandemic has 
created.

The exacerbation of infectious disease 
outbreaks in violent and conflict-ridden areas 
of the world includes the resurgence of polio 
in Syria; outbreaks of cholera in Yemen; 
Ebola in the northeast regions of the DRC; 
and at least 364 documented disease out-
breaks in 108 refugee camps between 2009 
and 2017 (Bousquet and Fernandez-Taranco 
2020). Fragility and conflict invariably reverse 
development gains where they occur, particu-
larly impact the poor, and especially disrupt 
educational opportunities for children and 
adolescents. Health systems are less able to 
respond to disease outbreaks as well as the 
usual healthcare needs. Interruptions in pre-
natal care and delivery services may lead to an 
increase in premature births and maternal and 
newborn mortality. The cessation of routine 
preventive services, such as infant and child-
hood immunization and malaria and tubercu-
losis programs, leads to an increased disease 
burden (Delamou et al. 2017; Masresha et al. 
2020; Sun et al. 2017). Because the health ser-
vices in such settings are commonly limited 
and difficult to access under “normal” cir-
cumstances, the additional burden of a major 
outbreak can be devastating, with long-term 
adverse implications for population health 
and for the healthcare system itself.

An emerging infectious disease emergency 
compounds the usual challenges of poverty, 
underdeveloped infrastructure, and the lim-
ited concern, attention, and local presence by 
the government in power to contain the out-
break. These factors may prevent timely clini-
cal research when an outbreak produces 
enough cases for a statistically strong trial of 
interventions for a disease that normally 
occurs in small numbers in isolated popula-
tions. Institutional fragility, conflict, and vio-
lence besetting some populations are typically 
amplified by a concomitant lack of trust 
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between community and government, both 
local and national, extending to hostility 
against healthcare workers and the healthcare 
system. They may all be labeled “outsiders,” 
because they are not perceived by the local 
population as being in, from, and with the 
community, and can be suspected of operat-
ing with ulterior motives. The community 
response may be to ignore programmatic 
efforts at best, but at worst to actively resist. 
When the stakes are high, as in a PHEIC, and 
nonlocal and international health teams arrive 
in a convoy of sport utility vehicles (SUVs), 
they may at times be met with violence by the 
very community in need, as well as armed 
militias and other ideological groups (Wells 
et al. 2019a).

Over and above confronting an emerging 
infectious disease outbreak within a fragile, 
conflict-, or violence-affected country are the 
associated issue of refugees, potentially carry-
ing disease agents with them, highly vulnera-
ble to infection, and housed in makeshift, 
crowded camps with minimal access to health 
care, sanitation, and safe water and food. The 
World Bank has estimated that over 84 mil-
lion people were forcibly displaced by mid- 
2021, with more than 68% from just five 
countries, over 85% staying in developing 
countries that are unable to adequately pro-
vide for their own populations, and about 
75% displaced for 5  years or more (World 
Bank 2022b). In the context of trying to pro-
vide adequate health care for such popula-
tions, it may seem out of place to discuss the 
potential that research is urgently needed, 
how to assess the validity of informed con-
sent, and how to preclude exploitation under 
such conditions. If  a novel respiratory patho-
gen were to be found in such a population, 
that perspective might change quickly.

The scope and geographic spread of the 
COVID-19 pandemic have revealed how com-
plex it is to intervene to reduce disease trans-
mission, illness, and deaths, let alone to 
implement clinical trials (Blanc and Brown 
2020) in fragile and violence-impacted coun-
tries. Both government (state actors) and 
autonomous individuals and groups (nonstate 
actors), often armed and violent, may use a 

crisis like COVID-19 to advance their ideol-
ogy, political agendas, and power even though 
they are unable to favorably alter the pan-
demic and address its public health and eco-
nomic consequences. The hope that warring 
factions would put their differences aside to 
jointly combat SARS-CoV-2 appears to have 
been naïve. Calls for a global or local ceasefire 
have been mostly ignored, as the opposing 
sides look for ways to exploit the calamity and 
consolidate their power or seize diplomatic 
advantage. Geopolitical strategy can lead to 
demonization of one foreign power or 
another, including alternative conspiracy sto-
ries like the alleged role of the United States 
or China in the origin, introduction, and 
spread of COVID-19 (Moritsugu 2021).

In some countries, the pandemic has pro-
vided opportunities for militias, parastatal 
groups, and other nonstate actors to increase 
their legitimacy by providing services. In many 
settings, government corruption, ineffective 
health and public health systems, minimal 
support of effective interventions, and incon-
sistent, sometimes false messaging to down-
play the pandemic have added to the trust gap 
and increased tension between government 
authorities and citizens. This often leads to 
greater resistance and violent responses, 
including attacks on healthcare workers. 
While governments may try to conceal the 
facts of the outbreak, at some point it becomes 
obvious to the population that what is being 
said cannot be true.

Fragility, conflict, and violence reduce the 
ability to successfully implement clinical trials 
of promising medicines and vaccines. The 
core principles that allow clinical trials to pro-
vide reliable information on the risk-benefit 
assessment of drugs and vaccines are at the 
outset difficult for communities to understand 
and embrace. Why can’t everybody get the 
intervention being tested? Or at least know 
whether they were given the test drug or vac-
cine or a placebo? Or clarify the difference 
between placebo and no treatment, and the 
relevance of providing an achievable standard 
of care to every participant? Will they really 
get access to proven interventions resulting 
from the trials? Conflict exacerbates the trust 
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gap, which in turn will adversely affect deci-
sions to participate in clinical trials. Ongoing 
conflicts can impede the simple practical abil-
ity of subjects to participate and study teams 
to collect data. Trials that are so interrupted 
that they cannot generate valid evidence in 
effect expose the participants to the potential 
risks of the intervention without the ability to 
assess their benefits.

Ongoing dangerous and uncertain societal 
conditions also limit the ability of trusted 
local leaders to help in the translation of 
information for the community when the 
focus turns from crisis to recovery and an 
opportunity to address the health sequelae 
and economic and social devastation of the 
pandemic and prepare for the future. Clinical 
researchers and trialists often underestimate 
the centrality of strategies to overcome 
 distrust. This is a critical reason why diversely 
trained social scientists must be part of the 
research team from the very beginning (Ebola 
Communication Network 2015). Unless 
informed attention is focused on communicat-
ing with the local population and identifying 
trusted local leaders willing to learn why 
research is relevant and beneficial for their 
community and to deliver correct messages 
framed in the local language and consistent 
with prevailing belief  systems, essential 
research stands little chance of being imple-
mented timely enough to yield relevant results. 
Finally, when there is interpretable new infor-
mation the findings and lessons learned that 
could benefit the community now or during 
the next outbreak need to be explained to the 
community leaders and members.

Attacks against healthcare workers and 
widely circulating mis- and disinformation are 
not restricted to conflict zones. A recent 
assessment of verbal and physical harassment 
and violence toward healthcare workers in the 
United States has revealed a rising level of 
incidents over the past decade, especially dur-
ing the COVID-19 pandemic (Larkin 2021). 
This results from many factors, including iso-
lation, stress, and loss of work and income, 
but also in part from consequences of misin-
formation that alleges, for example, that phy-
sicians are inflating the number of patients to 
increase their income. Such allegations have 

led to “alarming incidents of health workers 
being stigmatized, ostracized, harassed, or 
threatened for allegedly spreading the virus.” 
Similar concerns have been identified in at 
least 40 other countries (Elsaid et al. 2022).

4  Lessons Learned 
from Emergency Clinical 
Research

Before 2014 there had been 24 recorded out-
breaks of Ebola virus disease since the first 
cluster of cases was identified in 1976. All 
were similar: They occurred in relatively iso-
lated rural areas in a number of endemic 
countries across central Africa, had high mor-
tality rates, eventually “burned out” when the 
number of exposed individuals was reduced 
by identification and isolation of patients in 
ETUs, improved safety practices and avail-
ability of personal protective equipment 
(PPE) for health personnel caring for the 
patients, and introduced culturally sensitive 
safe burial practices. The 25th recorded out-
break was different. It rapidly spread from the 
rural epicenter of Guinea along the better 
roads to urban centers, to contiguous coun-
tries, and by air to five more distant countries, 
ultimately resulting in over 28,000 cases and 
more than 11,000 deaths (NASEM 2017). It 
exposed a number of problems in prepared-
ness, response, cooperation, financing, and 
oversight that required attention and con-
certed corrective action to improve and coor-
dinate health interventions and research 
(NASEM 2017).

4.1  The Genesis of the Ebola 
Epidemic in West Africa: 
The Consequences of Early 
Errors in Response

Reconstruction of the early events in Guinea 
identified an 18-month-old boy in the rural 
village of Meliandou, in Guéckédou, Guinea, 
as the first human link in a chain of rapidly 
fatal infections among family contacts and 
healthcare workers involved in their care from 
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the end of December 2013 to the third week 
of January 2014 (Timothy et al. 2019). By this 
time, the head of the Meliandou health post 
had recognized an unusual cluster of five 
patients with severe and rapidly fatal diarrhea 
and had informed district health officials 
(Kaner and Schaack 2016). The report ulti-
mately reached the Ministry of Health in the 
capital city, Conakry, and an MoH team was 
dispatched to investigate. The initial suspicion 
was cholera, known to be endemic in the area, 
and apparently confirmed when microorgan-
isms resembling Vibrio cholerae were observed 
in patient stool samples (WHO 2015b). 
Unfortunately, despite the early recognition 
of the unusual cluster of cases, the lack of 
confirmatory evidence and prior experience 
with Ebola in the region resulted in the termi-
nation of the inquiry before other possibilities 
could be considered or investigated. Similar 
cases continued to occur and spread along 
travel routes to larger towns and regional 
hubs, reaching Conakry itself. Continuing 
spread and the death of a physician caring for 
these patients raised concerns again, and, in 
mid-March, the MoH considered the possibil-
ity it was a Lassa virus outbreak. With the 
help of a Médecins Sans Frontières (MSF) 
team, ironically working on cholera in the 
region, samples were sent to the Institut 
Pasteur in Lyon, France, where the diagnosis 
of Ebola was made and was reported by 
WHO on March 23, 2014 (WHO 2014). 
Unknowingly, Guinea had been almost three 
months into what would turn out to be the 
biggest Ebola outbreak ever, one that spread 
as people crossed borders into neighboring 
Sierra Leone and Liberia, and later by air to 
more distant destinations in Africa, Europe, 
and North America, thus becoming, in a 
sense, the first- ever global Ebola pandemic 
(WHO 2015b).

Although the early cluster of unusual, rap-
idly fatal illnesses was identified and reported 
quickly, the failure to correctly identify the 
etiology allowed precious time to be lost and 
delayed the chance to contain and control the 
outbreak and curtail its deadly consequences. 
The prolonged reliance of Guinea’s MoH on 
prior experience alone turned out to be disas-
trous. This highlights the need to consider 

both likely and unlikely possibilities in differ-
ential diagnosis before reaching a conclusion. 
In the United States, this is often character-
ized by a well-known aphorism that a profes-
sional hearing hoofbeats outside should not 
only consider the most likely source, a horse, 
but also consider and discard unlikely possi-
bilities by asking if  this time could it be a 
zebra (Sotos 1989). In the West Africa Ebola 
outbreak, it turned out its course and conse-
quences were a zebra.

But this was not the only failure to think 
out of the box during the outbreak and recog-
nize and acknowledge that what was happen-
ing was different from the familiar patterns of 
the past. Although the local and regional 
WHO offices were immediately informed 
when the diagnosis of Ebola was confirmed in 
March 2014, the magnitude of the ongoing 
and expanding outbreak was consistently 
underestimated for several more months, 
because it was expected it too would burn out 
in a relatively short time as emergency teams 
isolated patients, initiated tracking and quar-
antine of contacts, took precautions in the 
care of patients, and implemented safe burial 
practices. However, the models of the past 
were from isolated rural areas, with limited 
means of travel from one community to the 
next, and few roads to the larger towns and 
cities. Responders were also misled by a 
decrease in WHO-reported cases in late April- 
early May 2014, suggesting the outbreak 
“might be nearing its end” (Kamradt-Scott 
2016). The misimpression was reinforced at 
the 67th WHO World Health Assembly later 
that month by the Guinean Minister for 
Health who stated that the outbreak was 
essentially under control (WHO 2015a), even 
as Ebola was now being carried to larger and 
larger towns and cities via the better transpor-
tation routes in Guinea, Sierra Leone, and 
Liberia. The usual reluctance of WHO to 
escalate the classification of an outbreak to a 
PHEIC, because of its implications for trans-
portation and trade in the affected member 
states, may have played a role (NASEM 2017). 
As a result, while MSF and other humanitar-
ian organizations were struggling to provide 
services and crying out for help, no serious 
international assistance was provided at the 
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required scale until after August 8, 2014, when 
WHO finally declared a PHEIC (Williams 
2015). It then took weeks to mobilize resources 
and organize a response on the ground as the 
outbreak spread further.

4.2  Launching Clinical Trials 
of Therapeutics and Vaccines

Because of prior research on Ebola virus, par-
ticularly exploratory research to develop med-
ical countermeasures supported by the 
Canadian Institutes of Health Research, a 
prototype Ebola vaccine (Canadian Institutes 
of Health Research 2015) and a potentially 
therapeutic mix of monoclonal antibodies 
(Branswell 2014) had been successfully tested 
in a small number of nonhuman primates and 
could be considered for initial human clinical 
trials under the emergency conditions of the 
escalating outbreak. It is important to under-
stand that the unusual circumstance of such 
large numbers of naturally infected patients 
among large and accessible populations that 
could rapidly drive successful trials was a 
unique opportunity, compared to the usual 
limitations of small numbers of patients resid-
ing in isolated rural areas in resource-limited 
countries. The other option, human challenge 
studies, used to generate critical information 
for new or unproven vaccines for a few infec-
tious diseases, such as cholera or typhoid 
fever (Darton et al. 2015), was deemed unten-
able because of the highly lethal nature of 
Ebola and the lack of a “rescue” intervention 
to terminate an experimental infection if  nec-
essary (WHO 2016a).

The desperate circumstances and logarith-
mic increase in cases in the three highly 
impacted countries in August and September 
2014 were a clear signal to prioritize the 
launch of sufficiently powered clinical trials 
for the very first time in a hemorrhagic fever 
outbreak. Central to any subsequent trial 
design was the means to confirm the diagno-
sis, develop and adopt a uniform standard of 
care for all individuals enrolled in the pro-
posed trials, provide effective PPE for the 

research and healthcare staff  and training to 
upgrade their capacity to provide optimized 
care for patients in a containment setting 
within an ETU, identify additional cases 
through contact tracing, and ensure the safe 
burial of those who died. While clinical trials 
initiated as soon as possible could not have 
been more of a moral imperative, almost 
immediately these and other hurdles to that 
goal emerged.

4.3  Is it Ethical to Conduct 
Controlled Clinical Trials 
During a Public Health 
Emergency?

Some healthcare providers from the interna-
tional humanitarian community, who had 
been in the trenches from the start caring for 
patients in the expanding West Africa Ebola 
outbreak, were concerned about the ethical 
basis for a randomized controlled trial design 
because it meant that only some patients 
enrolled in a study would be offered the inter-
vention under investigation. As discussed ear-
lier, the mandate in the Hippocratic Oath for 
physicians to “do no harm” (Smith 2005), and 
the similar Florence Nightingale Pledge for 
nurses (Gretter 2020), created an apparent 
ethical dilemma because individuals random-
ized to the control arm would be denied a 
potentially life-saving intervention. Instead, 
monoclonal antibodies against Ebola Zaire 
(ZMAPP), the first candidate therapy avail-
able, were distributed in a first come, first 
served manner until the supply was depleted. 
The National Academies of Sciences, 
Engineering, and Medicine (NASEM) report 
thoroughly explored the ethical dimensions of 
the use of placebo and randomization to 
experimental and control groups in the emer-
gency setting of the outbreak and reached 
consensus on five critical principles (London 
et al. 2018; NASEM 2017) (7 Chap. 3).
 1. Research is essential, even in emergency 

settings
 2. Study designs must generate reliable and 

evaluable safety and efficacy data
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 3. Clinical equipoise persists, even in the 
emergency setting

 4. Informed consent from individuals and 
affected communities is required

 5. Conducting trials that cannot be evaluated 
is itself  unethical

This perspective is not universally accepted; 
for example, Adebamowo et al. (2014) argue 
that when the likelihood of survival without 
an intervention is very low and there are no 
alternatives to the proposed experimental 
product, it is immoral to give the experimental 
intervention to some and a placebo to others. 
The Nuffield Council on Bioethics (2020) 
report views “the successful establishment in 
the Democratic Republic of the Congo (DRC) 
in 2019 of a collaborative [adaptive] clinical 
trial, in which all participants with Ebola were 
randomized to one of four novel interventions 
(Mulangu et al. 2019) as a sensitive and appro-
priate way to address the concerns of popula-
tions facing devastating outbreaks, while still 
meeting the  regulatory requirements neces-
sary to license successful candidate interven-
tions in the future.” However, there were 
important nuances that may not be univer-
sally adaptable to future trials. In these DRC 
trials, a still experimental therapeutic consist-
ing of a ZMapp cocktail had shown possi-
ble—but not statistically significant—efficacy 
in a controlled trial in West Africa initiated as 
that outbreak was waning (Prevail II Writing 
Group 2016). It was available and was chosen 
as one arm of the adaptive trial in the DRC, 
to be used as the comparator for the other 
interventions. In essence, then, ZMapp was 
selected by the study team to be a functional, 
possibly effective, control intervention for the 
other three products being studied, two of 
which proved to be statistically significantly 
more efficacious than ZMapp and the other 
test intervention. This sort of “solution” is 
not always available; adaptive study designs 
will be further discussed below.

A particularly cogent but undoubtedly still 
controversial concern was the fifth principle 
that a trial that cannot be evaluated—for 
example, a single-arm, nonrandomized trial—
but exposes the subject to potential harm 

without benefit is itself  unethical. A separate 
but related conflict was whether access to 
unproven experimental or repurposed inter-
ventions should be allowed for individual 
patients with limited options other than 
enrolling them in an RCT.  Essentially, the 
question was whether clinical equipoise, that 
is, a genuine uncertainty within the scientific 
and medical community concerning the effi-
cacy of a proposed intervention, remains 
under such conditions (Freedman 1987), or, in 
another formulation, whether the trial partici-
pant receiving the intervention has the right to 
choose to receive a potentially active product 
with no information on the possible adverse 
consequences of its use. However, many ethi-
cists believe the argument that it is unethical 
to withhold a potentially beneficial interven-
tion from patients in desperate need fails 
because it rests on an unwarranted assump-
tion that early-stage interventions are more 
likely to be beneficial than to be ineffective or 
harmful. While this concern was not meant to 
“diminish the plight of the desperately ill or to 
denigrate the urgency of their needs … the use 
of [unproven medical interventions] in an 
attempt to meet those needs implicates a 
broader set of interests, of a wider set of 
stakeholders, situated within a network of 
ethical concerns that extend far beyond the 
personal plight of the desperately ill” (London 
2018).

4.4  Contentious Study Design 
Issues

The importance of using rigorous designs for 
clinical trials to assess interventions during an 
uncontrolled epidemic of a high consequence 
and often fatal infection was affirmed by 
Integrating Clinical Research into Epidemic 
Response (Ellenberg et  al. 2018; NASEM 
2017). One of the issues in need of resolution 
was the use of concurrent versus historic con-
trols, already discussed in the context of 
changing mortality rates as medical staff  
becomes more experienced in the care of 
patients and the use of supportive treatment. 
This proved to be a concern even when the 
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historical control information was obtained 
earlier in the same outbreak (Sissoko et  al. 
2016). An important additional consideration 
is that infected individuals do not necessarily 
have uniform or predictable outcomes, includ-
ing diseases known to have a poor prognosis 
and despite patients appearing to be clinically 
similar when first seen. In other words, 
because it cannot be assumed there will be a 
consistent population outcome, randomly 
selected individual control subjects remain 
essential for valid analysis of the trial results.

The double-blinded administration of 
inactive or active placebos2 (Jensen et  al. 
2017) ensures neither patients, their doctors, 
nor the researchers will be biased by their 
knowledge of who received the intervention 
being studied. The concern during an infec-
tious outbreak that giving a placebo deprives 
the control group of a potentially efficacious, 
life- saving therapy has the potential to sow 
tensions among patients, their clinicians, and 
the clinical trialists. There are several ways to 
lower the temperature despite the heat of this 
situation. Most important is to ensure that 
the highest attainable standard of care in the 
setting of the outbreak is provided equally to 
all trial subjects, whether in the experimental 
or the control group. Even better is to admit 
all those ill to the treatment unit, whether or 
not they are enrolled in the trial, to provide 
the same optimized standard of care available 
to the trial subjects. This may also benefit the 
analysis of  the trial because it provides a stan-
dard care control group to compare with the 
placebo control group and assess any placebo 
effects on the outcomes. Unfortunately, this is 
often impossible considering the number of 
patients, the size of the study unit and its 
staffing, and its available capacities and 
resources.

The most recent revision of the guidelines 
for clinical trials published by the Council for 

2 A product known to be safe but ineffective for the 
condition under study or a “safe but ineffective con-
trol intervention that mimics the side effects of  the 
experimental interventions”(Jensen et al. 2017) may 
be used as an active placebo.

International Organizations of Medical 
Sciences (CIOMS) in 2016 adds support to 
the pushback against single-arm trials. 
CIOMS (2016) explicitly discourages the 
widespread use of unproven investigational 
treatments outside the context of a well-
designed clinical trial. Objections to this view, 
referred to earlier as “right to try,” have cen-
tered around the personal rights of desper-
ately ill patients to access even unvalidated or 
potentially harmful medical interventions if  
they choose to, because they have reached the 
stage in their illness where they have nothing 
more to lose (Frieden 2017a; Veatch 2020). 
Proponents of right-to-try options argue that 
randomization to a control group implies an 
underlying coercion because it denies partici-
pants access to something to which they are 
otherwise entitled. The counter-argument, 
however, is strong “because self-allocation to 
receive an unvalidated experimental treatment 
does not advance the legitimate interests of 
any stakeholder—including the desperately 
ill—while preventing the generation of evi-
dence necessary to help those stakeholders 
make informed better decisions” (London 
2018).

4.5  The Relevance of Adaptive 
Clinical Trial Designs 
and Prepositioned Research 
and Patient Networks

The proponents of adaptive clinical trial 
designs also argue that a major reason they 
should be considered is because they “allow 
and even enforce continual modifications to 
key components of trial design while data are 
being collected” (Thorlund et  al. 2018). 
Adaptive designs also present “the potential 
to reduce resource use, decrease time to trial 
completion, limit allocation of participants to 
inferior interventions, and improve the likeli-
hood that trial results will be scientifically or 
clinically relevant.” It is not surprising that 
adaptive clinical trial designs should be con-
sidered instead of standard randomized, 
double- blind, placebo-controlled trials for the 
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evaluation of experimental therapeutics or 
vaccines during outbreaks of infectious dis-
eases with major consequences. Obtaining 
relevant information more quickly with suffi-
cient reliability to determine whether or not 
emergency use authorization for the interven-
tion is warranted during the outbreak itself  

would be of great added value. This contin-
gency received serious consideration in the 
National Academies report on clinical 
research and trials during the West Africa 
Ebola outbreak of 2014–2015 (NASEM 
2017). The report contextualized these oppor-
tunities and identified two principal issues rel-

Box 5: Adaptive Trial Design
The use of  adaptive clinical trial design meth-
odology, particularly adaptive randomization 
permitting changes in the randomization 
ratio, has been advocated to cut the time and 
cost of  clinical trials in drug development. 
While some types of  adaptive designs may 
provide greater flexibility and efficiency in 
some circumstances, there can be operational 
challenges with their implementation, includ-
ing preplanning protocol deviations based on 
prior information and the need for extensive 
and continuous mathematical modeling 
(Gupta 2012; Mahajan and Gupta 2010). 
Further, adaptive designs can be less efficient 
than standard sequential designs that allow 
for early termination. Not surprisingly, con-

siderable debate remains about the use of 
these models for clinical trials compared to 
more traditional RCT designs, especially dur-
ing public health emergencies due to EIDs.

Two principal issues that must be 
addressed in adaptive trial design methods 
are:
 1. “Whether the adaptation process has led to 

design, analysis, or conduct flaws that have 
introduced bias that increases the chance of 
a false conclusion that the treatment is 
effective (a Type I error).”

 2. “Whether the adaptation process has led to 
positive study results that are difficult to 
interpret irrespective of having control of 
Type I error” (Chow and Chang 2012; FDA 
2019).

evant to both false- positive and false-negative 
outcomes (7 Box 5).
The original ring vaccination strategy was 
used with great success in the smallpox eradi-
cation program, but it must be understood 
that it was not a clinical trial of smallpox vac-
cine, which was known to be effective and safe 
(Fenner et al. 1988; Foege 1998). The concept 
of a ring of intervention, however, served as 
the inspiration for an adaptive ring vaccina-
tion trial design to evaluate the experimental 
recombinant rVSV-ZEBOV Ebola (Zaire spe-
cies) vaccine during the West Africa outbreak 
(Henao-Restrepo et al. 2015, 2017). The inno-
vative and controversial aspect of this trial 
was the ethics of delaying administration of 
the vaccine by 21  days to some randomly 
selected rings (or clusters) of enrolled sub-
jects, all of whom were exposed contacts or 
contacts of contacts of confirmed cases of the 

disease. The intent was to create a window of 
additional exposure from day of enrollment 
for this group to compare with the rings 
receiving the vaccine immediately to analyze 
outcomes during that interval. “While the 
ring vaccination study provided some evi-
dence of efficacy, the trial was not designed to 
document long-term safety and vaccine effi-
cacy because all participants were ultimately 
immunized within the space of 3 weeks, and 
the protocol only followed participants out to 
day 84” (NASEM 2017). The ring trial was 
followed by several standard RCTs in Sierra 
Leone and Liberia of the same and other vac-
cine candidates, but by the time they began it 
was already too late to accumulate enough 
patients for valid efficacy analysis. However, 
they provided enough follow-up information 
over a sufficiently long period to support the 
initial evidence that these vaccines were safe.
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That information was critical background 
to further advance the rVSV-ZEBOV vaccine 
during the 2018–2020 Ebola outbreak in 
DRC. Within two weeks of the confirmation 
of the outbreak in rural Équateur Province in 
the DRC in April 2018, and its quick spread 
to a larger urban center, ring immunization 
with the rVSV-ZEBOV vaccine was imple-
mented as a public health measure among 
front-line health professionals, contacts of 
confirmed cases, and contacts of these con-
tacts. A total of 3330 subjects had been vac-
cinated by the time the outbreak was contained 
and declared over by WHO. During the two 
months of active transmission there were 55 
cases, including 38 laboratory-confirmed, 15 
probable, and two suspected infections, with 
29 deaths (54.7%). Because there was no 
unvaccinated control group, vaccine efficacy 
could not be determined, although “DRC 
Minister of Health Oly Ilunga Kalenga 
[called] the vaccination program a ‘game 
changer,’ as it clearly boosted morale and 
encouraged other public health efforts… [and 
WHO noted that] none of the [initial] 53 cases 
occurred in a vaccinated person” (Cohen 
2018). A subsequent adaptive innovative eval-
uation of the impact of this intervention 
involved the creation of “a framework that 
integrates a data-driven gravity model with 
population density, poverty, and geographic 
distance, calibrated to spatial Ebola incidence 
data during the outbreak but before initiation 
of the vaccination campaign” (Wells et  al. 
2019b). The model yielded estimates that the 
vaccination program contracted the geo-
graphical areas at risk for Ebola (Zaire spe-
cies) by up to 70.4% and reduced the level of 
risk within the affected areas by up to 70.1%. 
“The early implementation of vaccination 
was critical. A delay of even 1 week would 
have reduced these effects to 33.3 and 44.8%, 
respectively.”

On August 1, 2018, just a week after the 
outbreak in Équateur Province was declared 
over by WHO, another cluster of cases 
appeared on the other side of the country in 
North Kivu and Ituri provinces. Before it was 
over in 2019, 3444 cumulative cases (3310 
confirmed and 134 probable) had been identi-

fied, with 2264 deaths (2130 confirmed and 
134 probable) for a case fatality rate of 65.7%. 
But because appropriate regulatory approvals 
had already been obtained for the use of the 
rVSV-ZEBOV vaccine in the earlier DRC out-
break, ring vaccination could be initiated 
almost immediately to help contain the extent 
of the outbreak (Schindell et  al. 2020). In 
April 2019, WHO released an interim data 
analysis of the vaccine’s effectiveness, con-
cluding that it demonstrated 97.5% protection 
among the more than 90,000 individuals who 
had been vaccinated. Of this group, 71 had 
developed Ebola virus disease, including 56 
who became ill within 10 days of vaccination, 
before vaccinees developed full immunity. 
None of the cohort who became ill 10 or more 
days after vaccination died of the disease. The 
results were convincing enough for the vac-
cine to receive conditional marketing authori-
zation from the European Commission on 
November 11, 2019, and approval from the 
U.S. Food and Drug Administration (FDA) 
on December 20, 2019. It is currently prequal-
ified by WHO and licensed by 8 African coun-
tries (WHO 2021a). In February 2020, the 
CDC’s Advisory Committee on Immunization 
Practices recommended the vaccine be 
approved for pre-exposure immunization of 
adults 18 years and older in the United States 
who are at the highest risk for occupational 
exposure to Ebola (Zaire species) virus. This 
included individuals who would respond to 
outbreaks of Ebola around the world, health-
care workers at the federally designated Ebola 
treatment centers in the Unites States, and 
staff  working with Ebola virus at biosafety 
level 4 facilities in the United States (Choi 
et al. 2021).

Aside from the limited number of people 
at risk of occupational exposure to Ebola 
virus, there is no natural market for routine 
use of an Ebola vaccine because outbreaks 
are intermittent and unpredictable in a vast 
endemic region across Africa. The value of an 
Ebola vaccine (or for similar reasons other 
viral hemorrhagic fever vaccines) will be real-
ized when it can be rapidly incorporated into 
an outbreak response. This possibility has 
been advanced by an agreement to create a 
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vaccine stockpile involving Merck and the 
International Coordinating Group (ICG) on 
Vaccine Provision, consisting of WHO, 
United Nations Children’s Fund (UNICEF), 
the International Federation of Red Cross 
and Red Crescent Societies, and MSF, with 
financial support from Gavi, the Vaccine 
Alliance (WHO 2021a). The stockpile, to be 
located in Switzerland, plans to maintain 
500,000 doses of vaccine to allow countries to 
rapidly obtain the doses they need to contain 
a future Ebola epidemic with the support of 
humanitarian organizations.

Adaptive therapeutic trial designs using 
multiple simultaneous study arms have also 
proven to be useful, because they not only can 
achieve results more quickly, but can also use 
the same control group for all active arms of 
the study, and permit rapid removal of inter-
ventions that fail to meet pre-established out-
come thresholds and substitute new 
experimental products already lined up for 
trial (Millen and Yap 2020). Such multi-arm, 
multistage clinical trials (known as MAMS 
trials) also allow the closure of an arm before 
recruitment is complete if  the Data Safety 
Monitoring Board determines there is strong 
evidence of efficacy (this was the case in the 
PALM trial for Ebola therapeutics, when the 
DSMB dropped two of the four therapeutic 
arms because the scheduled interim analysis 
showed the impact of the other two on mor-
tality was superior (Mulangu et al. 2019)) or 
to change target sample size or allocation 
ratios. Although there are variations in 
MAMS designs, the fundamental methods 
involve pairwise comparisons, stage by stage, 
between each treatment arm and a common 
control arm with the goal of identifying active 
treatments and dropping inactive ones as 
early as possible (Corey et al. 2011). Because 
of this and the use of a common control 
group for all the arms, such trials can be more 
efficient and provide information more rap-
idly to guide clinical choices. This would be 
especially advantageous during an emerging 
disease outbreak, and for these reasons, adap-
tive trials are considered by their proponents 
to be more ethical than traditional fixed 

designs where no interim adaptations are per-
mitted. They may also be less expensive to 
run, particularly in contrast to the usual 
model in which a sequence of two-arm com-
parative trials is conducted to study multiple 
candidate interventions over time.

A particularly good example of the utility 
of a MAMS design is the Randomized 
Evaluation of COVID-19 Therapy 
(RECOVERY Trial) in the UK, which com-
pared several clinical interventions for treat-
ment of COVID-19 (RECOVERY trial 2022). 
The ability to rapidly implement these studies 
after the outbreak was identified was based on 
several factors. First, COVID-19 was rapidly 
spreading in high-income countries with sig-
nificant research resources to apply, such as 
the UK.  Second, and even more important, 
was the fact that the UK had already estab-
lished a standing clinical research partnership 
across the country to insure more efficient 
planning and more rapid implementation of 
important research studies to guide clinical 
decision-making. Third, the initiative was 
embedded within the UK National Health 
Service, insuring there was a ready patient 
population to enroll in necessary studies and 
established mechanisms to follow individuals 
over time and collect data. COVID-19 chal-
lenged the system because the results were 
needed immediately, but the system performed 
extremely well (NIHR 2022; Pessoa-Amorim 
et al. 2021). Its success has led to suggestions 
that similar preexisting standing clinical 
research networks should be established 
across the world to address the needs of future 
pandemic infectious diseases (Lurie et  al. 
2021). Implementation of adaptive designs by 
the U.S. National Institutes of Health (NIH) 
(Accelerating COVID-19 Therapeutic 
Interventions and Vaccines or ACTIV part-
nership) (NCATS 2021; NIH 2021) and WHO 
(Access to COVID-19 Tools Accelerator, or 
ACT- Accelerator) (WHO 2021b) were slower 
to begin because the required infrastructure 
did not exist or was limited in low and middle- 
income countries. The latter trials did subse-
quently provide valuable clinical efficacy 
information (Goligher et  al. 2021; Lawler 
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et  al. 2021; Ledford 2021; Lundgren et  al. 
2021; WHO Solidarity Trial Consortium 
2021) (7 Chap. 14, In Practice 14.1).

Designs to speed up vaccine trials can be 
even more controversial, especially when a 
first-studied vaccine has proven sufficiently 
safe and effective to use in an outbreak, such 
as the rVSV-ZEBOV vaccine in the 2018–2020 
Ebola outbreak in the DRC (Schindell et al. 
2020; WHO 2021a). WHO has published a 
guidance document for vaccine trials, which 
explores multiple issues, including compara-
tor designs such as the delayed immunization 
of one group in order to create a window of 
exposure for evaluation, as employed in the 
Ebola ring vaccination study, or the use of an 
“active control” employing a known effective 
vaccine for a totally different disease for the 
control group (Dean et al. 2019). Additional 
considerations arise when a promising candi-
date or first approved vaccine for a high- 
consequence, potentially pandemic infection 
is known but other candidates are in develop-
ment that may offer advantages, for example, 
simplified production, less stringent storage 
requirements, or ease of administration to 
individuals. While some have argued it would 
be unethical in these circumstances to initiate 
trials of novel vaccines when an effective vac-
cine already exists (Monrad 2020), or perhaps 
even worse an adaptive MAMS trial of mul-
tiple new experimental vaccines versus the 
proven effective vaccine as the comparator 
control group, this would have the practical 
effect of establishing the first to be licensed as 
the only option. It would preclude or delay 
improvements in efficacy, duration of protec-
tion, ease of manufacture, storage, adminis-
tration, or improved safety profiles of 
second- and third-generation products to be 
identified and implemented.

Other adaptive features have been consid-
ered in the design of  vaccine trials for HIV, 
which has proven to be notoriously recalci-
trant to vaccine approaches. For example, “if  
multiple Phase II studies can be conducted in 
parallel, with the capability of  examining effi-
cacy endpoints and immune correlates in real 
time, the likelihood for advancing a successful 
vaccine to an efficacy trial in a more rapid 

time frame will increase greatly. Moreover, 
the ability to see common immunological 
findings either with different vaccine regi-
mens or the same vaccine regimen in different 
populations (e.g., men versus women) pro-
vides more than circumstantial evidence that 
such responses have an underlying biological 
basis” (Corey et al. 2011). The ability to adapt 
the design after the trial begins and a study 
arm with efficacy is identified would permit a 
rapid switch to “vaccinating the placebo 
group for immune correlate analyses, adding 
a booster vaccination if  vaccine efficacy 
appears to wane or expanding the trial design 
to include a higher risk population.” Other 
adaptations such as sample size re-estimation 
would allow sample or event size to change 
during the trial as interim analysis provided 
more reliable estimates of  vaccine efficacy 
and incidence rates or for “Bayesian histori-
cal borrowing to incorporate information 
from control arms of similar historical trials 
to augment data [or] to use the treatment 
information from a historical trial, which is 
commonly encountered in pediatric trials, 
e.g., extrapolation from the adult efficacy 
data to pediatric subjects” (Liu et  al. 2021). 
The WHO global collaborative 
SOLIDARITY vaccine trial was designed to 
allow the investigators to “test several preven-
tive candidate SARS-CoV-2 vaccines under 
development to enable the concurrent evalua-
tion of the benefits and risks of  each candi-
date” (WHO 2022c). In addition, the primary 
outcome variable was virologically confirmed 
COVID-19 disease independent of  severity, 
and candidates could be added or dropped 
based on interim analysis compared to pla-
cebo or other vaccines. There has also been a 
push to use real-world data, meaning data 
“extracted from a broad range of  sources 
such as patient registries, healthcare data-
bases, claims databases, patient networks, 
social media, and patient-generated data 
from wearables” to improve the relevance of 
data from clinical trials (Baumfeld Andre 
et  al. 2020). Tapping into “electronic health 
records (EHRs), vaccine registries, and 
patient- generated data using [a] mobile app 
can be beneficial for the clinical trial data col-
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lection, which does not require site visits for 
the subjects” and may provide additional 
analytical and efficiency benefits.

4.6  Achieving Trust and Support 
of the Affected Community

Research does not stand alone; it must be 
embedded in the healthcare system of the 
community. This integration is facilitated if  
community healthcare resources are effective, 
accessible to the population, affordable, and 
trusted in advance of an outbreak. If  not, the 
ability to gain the confidence of people in the 
community and enroll them in research proj-
ects decreases dramatically, while active push-
back is likely to increase—whether or not 
poverty, conflict, and violence are additional 
complicating concerns. The NASEM (2017) 
report emphasized that, in addition to 
strengthening capacity for clinical trials in 
countries, “sustained, coordinated interna-
tional support for health systems in low- and 
middle-income countries is now of para-
mount importance. This includes investing in 
their medical infrastructure, enhancing their 
capacity to conduct public health surveillance 
and research and ensuring that collaborations 
provide lasting benefits to affected communi-
ties.” Embedding research within a compe-
tent, patient-oriented healthcare system, as 
well as integrating research into the clinical, 
social, and humanitarian response to an out-
break, has been generally overlooked in the 
past but, following the West Africa Ebola out-
break, is now front and center in thinking and 
planning for the future. It remains an unful-
filled mandate, however, and solutions to the 
financial, management, and prioritization 
barriers to investing in healthcare system 
capacity are desperately needed. It should be 
noted that this is particularly difficult to 
implement in fragile and conflict-affected 
states (7 Chap. 18).

When a previously unknown, consequen-
tial emerging infectious disease outbreak 
strikes an unprepared population, especially 
following the declaration of a PHEIC and an 
international intervention, the immediate 

reaction of the local community is concern 
and most likely fear. This is often rapidly 
translated into suspicions about “experts,” 
particularly when they are unknown foreign-
ers without a magical cure in hand, offering 
only a clinical trial the community is unpre-
pared for and ill-equipped to understand. The 
trust gap is all too frequently amplified by 
long-standing distrust of national or local 
authorities from the political elite or the 
health ministry. While international global 
health professionals have been aware of such 
issues, even prior to the West Africa outbreak, 
experts in the conduct of clinical research—
particularly from high-income countries with 
well-functioning, competent healthcare and 
research institutions—may have been much 
less aware and had limited if  any prior col-
laboration on clinical research with social sci-
entists who better understand the behavioral 
responses research projects can provoke 
(7 Chap. 26).

In the 2014–2016 Ebola outbreak, early 
efforts to introduce clinical research protocols 
to the community were met with resistance 
until the research teams, with the help of 
anthropologists and others attuned to com-
munity engagement, figured out how to bridge 
the yawning credibility gap by connecting 
with respected local religious, civil, tribal, 
health, education, and other recognized com-
munity leaders to enlist their help as emissar-
ies (NASEM 2017). The turn-around in 
attitudes and acceptance was often swift and 
impressive. Because of the compounded 
delays in getting clinical trial approvals and 
logistics arranged, however, direct clinical and 
public health interventions had already 
ramped up case identification and isolation, 
contact tracing, safe handling of infectious 
materials, and safe burial practices, and the 
trajectory of the outbreak was reversing when 
good community connections were in place 
(NASEM 2017). By the time proposed trials 
were fully approved and logistically ready to 
roll and enroll subjects, the number of eligible 
cases was fast diminishing. This is a major 
reason why so many trials in the West Africa 
Ebola outbreak failed to reach the required 
sample size and collect enough outcome 
events for a statistically valid analysis.
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Similar issues of fear and distrust have 
played out in the COVID-19 pandemic, 
amplified in some countries, independent of 
their wealth and institutional resources, by the 
repeated denials of the serious nature of the 
disease and promotion of disinformation by 
political leaders at the national, state, or local 
level, celebrities, and even some research and 
healthcare professionals. These have been 
repeatedly echoed by some media sources and 
via social media, including directed attacks on 
the validity of evolving scientific information 
and denigration of the legitimacy of well- 
trained scientific experts. Increasing aware-
ness and attempts to counteract the 
“infodemic” have not been enough to over-
come its consequences, measurable in terms 
of morbidity, mortality, and stress on society, 
including healthcare systems. It has reinforced 
resistance among segments of the population 
in rich as well as poor countries, fueled by the 
din of inconsistent, sometimes deliberately 
false messages—manifested by refusals to 
self-quarantine if  ill, or to wear face masks, 
maintain social distancing, and avoid large 
gatherings indoors or outside. This has 
remained so even though some of these 
crowded gatherings of mask-less unimmu-
nized people have served as super-spreader 
events that have greatly expanded transmis-
sion in the community, ultimately leading to 
what has been characterized as a pandemic of 
the unimmunized (Angius et al. 2021).

The experience has made it clear there are 
fundamental principles and patterns of 
human behavior that apply across widely dif-
fering settings, from Ebola in isolated, 
resource-limited countries to COVID-19  in 
high-income, highly educated, and well- 
resourced nations. Widespread mistrust of 
government and authority figures has been a 
common theme, at times shamefully exploited 
for political gains; aided and abetted by dis-
semination of wishful thinking and deliber-
ately false information in the context of poor 
scientific literacy, and amid sudden changes in 
social, cultural, and economic circumstances 
for almost everyone. This has played out as 
resistance to changes in personal behavior 

necessary to reduce transmission, increasing 
willingness to accept unproven and sometimes 
potentially or obviously dangerous remedies, 
along with hesitancy or outright refusal to 
accept well- documented safe and effective 
vaccines.

4.7  Speeding the Clinical Research 
Process and Regulatory 
Approval Without 
Compromising Safety

The COVID-19 pandemic has also demon-
strated that it is possible to increase the speed 
and efficiency of vaccine development 
through well-conducted research and expe-
dited evaluation and approval processes for 
medical countermeasures. The rapid develop-
ment of candidate vaccines for SARS-CoV-2 
and initiation of clinical trials were enabled 
by decades of investment in preparedness 
research and development (R&D). This 
investment led to a substantial background of 
prior basic knowledge, along with more recent 
investments in the creation of prototype vac-
cine approaches for the coronavirus family 
which includes SARS-CoV and MERS-CoV 
and SARS-CoV-2. Other virus families 
known to infect humans and potentially gen-
erate novel viruses with pandemic potential 
are also the subject of  vaccine candidate 
development (Graham and Corbett 2020). As 
a direct consequence of these and other 
investments, concepts and prototypes were 
available as the outbreak began for research-
ers to apply immediately to SARS-CoV-2 in 
the first weeks of January 2020 (Lurie et al. 
2020). The speed of development was 
increased further by:

 5 Encouraging parallel rather than sequen-
tial staging of R&D as in the past

 5 The evolution of more efficient adaptive 
clinical trial designs in therapeutics trials

 5 Better alignment of biomedical and social 
science perspectives in preparation for 
clinical trials

 5 Availability of public financial resources
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 5 Willingness to invest in manufacture of 
promising candidates before evidence of 
their safety and effectiveness was available

 5 Expedited regulatory review with priori-
tized evaluation for emergency approval

For the FDA, this removed chokepoints from 
the system without compromising the agen-
cy’s objective standards and rigor (Lurie et al. 
2021). FDA provided emergency use authori-
zation for three vaccines based on Phase III 
clinical trial data beginning less than a year 
after identification of the outbreak and began 
to approve and license them just 8 months 
later (7 In Practice 4.2, Chaps. 6 and 12).

4.8  Recommendations to Improve 
Clinical Research and Trials 
During Public Health 
Emergencies

The NASEM (2017) report outlined seven 
recommendations to help meet the need for 
objective information obtained as rapidly as 

possible. They focus on identifying and pro-
viding safe and effective interventions while 
preventing the use of excessively risky or inef-
fective approaches that would expose recipi-
ents to increased risk without potential benefit 
(7 Box 6). These opportunities to improve 
and speed the development of countermea-
sures against emerging infectious diseases also 
face major barriers of financing, engagement, 
collaboration across sectors, political will, and 
the need to invest at risk of failure before there 
is a reasonable indication of the potential suc-
cess of the intervention. The private sector 
pharmaceutical industry’s need to know that 
a product has a good chance to return profits 
on the investment has contributed to long 
delays in the traditional drug and vaccine 
development ecosystem. To the extent these 
recommendations are implemented, sus-
tained, and aligned with an end-to-end R&D 
preparedness and response ecosystem, includ-
ing R&D itself  and the essential clinical 
research and clinical trials environment, 
improved efficiency of an independent regula-
tory process, and attention to manufacture 

Box 6: Recommendations by the  Commit-
tee on Clinical Trials During the 2014–2015 
Ebola Outbreak
 1. Support the development of sustainable 

health systems and research capacities in 
low-income countries.

 2. Develop memoranda of understanding to 
facilitate data collection and sharing before 
an outbreak and provide resources to 
enable data collection and sharing at the 
start of an epidemic.

 3. Facilitate capacity for rapid ethics reviews 
and legal agreements before an epidemic.

 4. Ensure that capacity-strengthening efforts 
benefit the local population during an epi-
demic.

 5. Enable the incorporation of  research into 
national health systems before an epi-
demic.

 6. Prioritize community engagement in 
research and response during an epi-
demic.

 7. Fund training and research into commu-
nity engagement and communication for 
research and response, coordinate inter-
national efforts in research and develop-
ment for infectious disease pathogens, 
and establish and implement a coopera-
tive international clinical research agenda 
at the outset of  an epidemic (NASEM 
2017).
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and equitable distribution of the products 
wherever they are required, the time it will 
take from recognition of a disease to the avail-
ability of effective countermeasures will 
diminish. Success will be measured by the 
more rapid control of epidemic emerging 
infectious diseases, reduced consequences in 
individual morbidity and mortality, and less 
disruption to societal, cultural, economic, and 
political systems around the world.

4.9  The Emergence of SARS-CoV-2 
and the COVID-19 Pandemic

At the end of 2019, the third human epidemic 
in under 20  years due to a betacoronavirus 
began. It is undisputedly the most serious and 
globally impactful public health disaster in 
the century since the 1918 influenza pan-
demic. At the same time, there were several 
positive innovations during the outbreak that 
must be sustained and further improved for 
the world to be better prepared to respond in 
the future.

First, COVID-19 was declared to be a 
PHEIC within a month of its recognition in 
Wuhan, China. WHO and its emergency 
mechanisms are now more prepared to recog-
nize a public health emergency at earlier stages 
and to act in order to bring timely global 
attention and resources together in response. 
WHO will require additional support from its 
member states to staff  and sustain an invigo-
rated emergency management system for epi-
demic diseases and to improve the rollout of 
essential support.

Second, the recognition by clinicians of an 
unusual cluster of cases and their use of next- 
generation sequencing methods in Wuhan 
rapidly identified the cause as a novel beta-
coronavirus. This enabled the early develop-
ment of molecular diagnostics, which in turn 
permitted surveillance of the population and 
diagnosis of affected individuals to proceed.

Third, nearly 20 years of research on beta-
coronaviruses, built on decades of basic 
research in virology, molecular pathogenesis, 
and vaccinology, was turned into vaccine can-

didates specific for the new pathogen, with the 
initiation of Phase I clinical trials within 
10  weeks of the publication of the genetic 
sequence of the virus.

Fourth, innovative messenger RNA-based 
vaccines and adenovirus-based constructs 
completed Phase III trials, generating suffi-
cient evidence to warrant authorization for 
emergency use by several regulatory agencies 
around the world and WHO, beginning 9 
months from the start of Phase I trials. 
Additional vaccines were developed in China 
and Russia, initially for local use and then 
donated for vaccination campaigns in a num-
ber of low- and middle-income countries. 
They have not been evaluated or approved 
elsewhere, representing a failure of global 
coordination toward a common critical goal, 
control of the pandemic. Additional vaccines 
have been designed and produced in a number 
of middle- income countries, and some were 
rapidly approved for local use in those coun-
tries (Regulatory Affairs Professionals Society 
2023). However, there is still no global mecha-
nism for governance and oversight over the 
whole regulatory process.

Fifth, a new concept, “vaccine 
 nationalism,” has been applied to the policies 
of high- income countries to buy and co-opt 
most of the COVID vaccine supply available 
following emergency use authorization, using 
measures like pre-purchasing agreements and 
control over exportation of vaccines manu-
factured within those nations, not to mention 
higher bids for the products available on the 
open market (Bollyky and Brown 2020). The 
majority of the world’s population remained 
vulnerable and without meaningful access to 
effective vaccines to control the ongoing pan-
demic far longer than those in the wealthiest 
countries (Our World in Data 2022). Failing 
to control transmission of the virus in so 
many countries has resulted in vast numbers 
of infected people, increasing the likelihood 
of selection of more readily transmitted and/
or more virulent viral variants. In this way, 
inequitable distribution of vaccines in some 
parts of the world is having an adverse impact 
on control of the virus everywhere in the 
world (Wagner et al. 2021). Vaccine national-
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ism is not a rational global health manage-
ment strategy.

Sixth, a pandemic of misinformation 
about the cause and evolution of the pan-
demic, and adoption of interventions, such as 
highly effective and safe vaccines, has further 
limited their uptake and impact on the pan-
demic, even where vaccine supplies are abun-
dant, permitting further evolution of the virus 
into more transmissible or virulent variants. 
Vaccine hesitancy and refusal have been fueled 
by the ill-informed public statements of major 
political leaders and celebrities around the 
world and amplified by some media sources 
and many social media “influencers” preferen-
tially over evidence- based information, sow-
ing doubt about the views of accomplished 
scientific and public health leaders (van der 
Linden 2022).

Seventh, a global mechanism called 
COVAX was established by Gavi, the 
Coalition for Epidemic Preparedness 
Innovations (CEPI), and WHO to acquire 
and distribute vaccines to low- and middle-
income countries in need. It is one pillar of 
the Access to COVID-19 Tools (ACT) 
Accelerator, along with equitable access to 
COVID-19 diagnostics and treatments. While 
the initiative had high hopes at the launch in 
April 2020, it was not able to obtain enough 
vaccine doses to perform as planned. 
Although distribution was much improved by 
mid-2022, slower- than- expected procurement 
and distribution of vaccine by COVAX 
lengthened the pandemic and permitted the 
emergence of additional variants of concern 
(WHO 2022a).

Eighth, geopolitics has slowed efforts to 
identify how SARS-CoV-2 emerged from an 
endemic virus of bats and was ultimately 
introduced into the human population. This 
has precluded a timely and thorough joint 
effort by international and Chinese experts to 
obtain essential evidence in the environment 
and laboratories in China and begin transpar-
ent, systematic explorations necessary to 
monitor virus spread and transmission and to 
implement measures to prevent or mitigate 
any similar emergence in the future.

Ninth, the cumulative global impact of a 
clinically serious, readily transmissible disease 
has first and foremost been the escalating 
morbidity and mortality around the world 
due to SARS-CoV-2. Healthcare facilities 
have been overwhelmed, not only in resource- 
limited developing countries but in the richest 
countries in the world as well, resulting in an 
inability to provide optimal care to all patients 
who need intensive care, mechanical ventila-
tion, or skilled nursing. This has also delayed 
or preempted care for other serious diseases, 
with consequences for those affected that will 
likely never be fully known. The breakdown 
of preventive services, such as routine child-
hood immunizations and prenatal and deliv-
ery care in many countries around the world, 
will increase future disease burdens and 
require additional expenditures to remedy the 
shortfall to the extent possible. The long peri-
ods of social isolation and widespread quar-
antine have led to a widespread but 
underestimated and often poorly addressed 
mental health crisis. Childhood education, 
household income, and food security have 
been adversely affected. Poverty rates and 
homelessness have grown. On top of this, 
major global economic, social, cultural, and 
political consequences will continue to play 
out after the ongoing pandemic ends or, more 
likely, becomes a continuing endemic of lesser 
severity and extent and therefore of less con-
cern as the vivid memories of its frightful 
early toll fade away.

Tenth, if  we as a species have learned any-
thing from the pandemic, we have done little 
to put the needed prevention and response 
measures in place. Financial mechanisms are 
needed to make the complex R&D ecosystem 
function more optimally and produce new 
drugs, vaccines, and diagnostics that are 
affordable, equitably distributed, and effi-
ciently delivered to the point of greatest need. 
And better global health governance must 
begin to implement best practices for maxi-
mum global control over the pandemic for the 
most people, in the shortest time frame, and to 
ensure access to effective countermeasures 
(7 Chap. 27).
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5  Conclusions

The principles and practice of clinical research 
and clinical trials have evolved over time. 
Clinical research is now a specialty area of 
medicine of critical importance in the system-
atic and scientific development, evaluation, 
and implementation of treatment strategies 
and for the introduction of new or improved 
diagnostics, therapeutics, vaccines, and other 
essential products into medical practice. The 
advent of an increasing number of severe, 
often fatal, emerging infectious disease out-
breaks, whether locally epidemic or globally 
pandemic, has added urgency to the need for 
action, without compromising safety for the 
approval and introduction of new products 
(Morens et al. 2004). Three overarching con-
clusions arise from the expanding number of 
microbial threats to human health and sur-
vival, in-depth analysis of how the R&D pro-
cess has worked to make it more effective, 
efficient, and equitable, and assessment of 
how long it takes to obtain valid and objective 
conclusions and implement effective interven-
tions.

First, the fundamental goals, context, and 
processes for clinical research and trials do 
not change when the topic is a mild or slowly 
advancing severe infectious disease or process 
or a rapidly progressive, severe, frequently 
fatal emerging infectious disease. It is the 
urgency of the need to begin studies that can 
produce solid results and the scope of conse-
quences that differ with the nature of the dis-
ease. All the ethical, design, procedural, 
statistical, and regulatory standards remain as 
they are for any other clinical concern, 
although they may need different approaches 
to ensure they are fulfilled (7 Chaps. 3 and 4).

Second, clinical research and clinical trials 
for emerging infectious diseases, especially 
those of high consequence in terms of direct 
and indirect threats to individuals and to 
human societies locally and internationally, 
must be embedded within the social, cultural, 
economic, and political systems of affected 
nations and effectively engage a broad range 
of trusted community leaders and the com-
munities they serve. This is now a critical con-

cern if  people are to trust and participate in 
research studies and subsequently accept the 
information these generate on safety and effi-
cacy of the resulting products. The commu-
nity needs to appreciate that the rapid 
development of COVID-19 vaccines, while 
seemingly miraculous, was neither magical 
nor a conspiracy of the pharma and biotech 
industries to generate profits. The COVID-19 
development was rather the result of prior 
investment in basic science and the explora-
tion of platform technologies that could be 
adapted to an entirely new member of a 
pathogen family virtually overnight. To suc-
ceed, this effort requires a level of respect and 
trust between researchers and clinical trial 
participants and, more generally, between sci-
entists and the public (7 Chaps. 18 and 26).

Experience during COVID-19 has sug-
gested that the biblical imagery of the Four 
Horsemen of the Apocalypse (usually por-
trayed as War, Famine, Pestilence and Death) 
is incomplete and should now be joined by a 
Fifth Horseman, Misinformation (. Fig. 7).

For these reasons, clinical research can no 
longer be seen as the domain of expert 
researchers and the statisticians who help 
design and analyze properly controlled and 
ethical clinical research and trials. Together, 
public health professionals, social scientists, 
and communication experts must engage the 
community in clinical trials to understand 
what information is essential to convey to 
people and how to convey it clearly and accu-
rately, while sustaining dialog and communi-
cation between experts and the community as 
more information emerges and responses need 
to adapt accordingly.

Third, at the end of the R&D, clinical 
research and trials process, and required regu-
latory approval, the safe and effective products 
that emerge must be made rapidly available to 
all those who volunteered for clinical trials and 
those who did not initially receive them as 
soon as the products are available in sufficient 
quantities for everybody at risk around the 
world (Rogers et al. 2021). There should be no 
distinction in this respect between high-income 
countries and low- and middle-income coun-
tries (7 Chap. 5). Sustainable, flexible global 
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       . Fig. 7 Four Horsemen have a public relations manager! (Credit: Bill Bramhall/New York Daily News/TCA 
reprinted with permission)

mechanisms must be created to achieve these 
goals and ensure the necessary investments are 
made in research, development, evaluation, 
production, and global delivery of the prod-
ucts of the R&D process everywhere they are 
needed. The specter of “vaccine nationalism” 
must be replaced with the vision of “vaccine 
internationalism” for all products and tools 
emerging from the R&D system, clinical 
research, and the regulatory, manufacturing, 
and distribution systems essential for pan-
demic disease control.

? Discussion Questions
 1. Aldous Huxley once remarked, “The 

charm of  history … [is that] nothing 
changes and yet everything is com-
pletely different.” Discuss milestones 
in the long and fascinating journey of 
clinical research, culminating with the 
emergence of  the randomly controlled, 
double-blind clinical trial. Also, briefly 

outline one or more developments in 
the evolution of  medical ethics and 
remaining gaps and challenges.

 2. Provide some cogent arguments for the 
use of  placebo and of  either concurrent 
or historical control groups in clinical 
trials. How do these arguments become 
more nuanced and difficult during pan-
demics or for people with high-mortality 
diseases who have nothing to lose?

 3. What are the arguments for and against 
conducting controlled clinical trials dur-
ing a public health emergency?

 4. Fear and distrust often arise during pan-
demics (e.g., the Black Death, Ebola, 
and COVID-19) and seem to reflect uni-
versal patterns of  human behavior. 
Propose some possible solutions, includ-
ing methods of  communication and 
community inclusion in clinical trials to 
mitigate these issues and rebuild trust 
and support in affected communities.
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 5. George Bernard Shaw remarked, “The 
single biggest problem in communica-
tion is the illusion that it has taken 
place.” To avoid such illusion, discuss 
the critical importance of  communica-
tion during a pandemic. Further, how 
can the fears of  infectious disease per-
ceived by the public be exacerbated by 
communication strategies intended to 
motivate action?

 6. The fundamental ethical and scientific 
principles of clinical research have 
evolved since the Babylonian proto- trial 
of around 559  BCE.  Contemporary 
principles of clinical research seem well 
established, but research study design, 
conduct, and location continue to stoke 
controversy. Discuss three overarching 
questions that arise from global efforts 
to mitigate the expanding number of 
microbial threats and implement effec-
tive interventions.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The goals of an emergency research 
response to an emerging or re-emerging 
infectious disease outbreak.

 5 Six basic principles based on past infectious 
disease emergencies:

 – Principle 1: Research should be an inte-
gral part of preparedness and emer-
gency response.

 – Principle 2: Research response must 
align with the three primary goals of an 
emergency response to: (a) save lives, (b) 
accelerate the end of the outbreak, and 
(c) develop measures to prevent and 
mitigate future outbreaks.

 – Principle 3: Response research should 
be implemented quickly and efficiently 
based on outbreak preparedness plans.

 – Principle 4: The scientific and ethical 
norms for human subject research do 
not change during health emergencies.

 – Principle 5: Research response should 
be led by the government of the country 
experiencing the health emergency.

 – Principle 6: Understanding cultures and 
communities through respectful dia-
logue (“Nothing about them without 
them”) and including them as valued 
stakeholders in response efforts are crit-
ical to research in health emergencies.

 5 Some previous objections to inclusion of 
expedited research in emergency response

 5 More recent experience that has rendered 
the objections obsolete

1  Introduction

The debate is over. Following successive infec-
tious disease outbreaks and pandemics result-
ing in millions of lives lost and dramatic 
economic disruptions, the world in 2024 
accepts that immediate research response to 
infectious disease outbreaks is imperative for 
a secure world, and a key safeguard against 
loss of life, economic devastation, and social 
disruption (G7 2021; WHO 2022). The world 

is far from an ideal state of preparedness—
one where all known pathogens have licensed, 
safe, and effective medical countermeasures 
approved, produced at scale, with widespread 
knowledge on optimal use among physicians, 
and a population ready to accept them. A pre-
pared global clinical trial infrastructure con-
ducting ongoing, rigorous clinical trials on 
endemic pathogens and pathogens of pan-
demic potential is essential to this prepared-
ness state. Ideally, all nation-states will 
contribute to preparedness by developing a 
robust national clinical trial capacity.

There have been research response suc-
cesses, yielding new vaccines, therapeutics, 
and diagnostics (VTDs) for pathogens with 
pandemic potential. For example, over the 
past decade, research responses have advanced 
medical countermeasures (MCMs) to contain 
and mitigate infectious diseases, such as Ebola 
virus disease (EVD) and coronavirus disease 
2019 (COVID-19). Despite progress in these 
areas, additional severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) vaccine 
research is needed to elicit broader neutraliza-
tion activity against continuously emerging 
sub-lineages and variants, and to achieve 
longer- lasting immunity after SARS-CoV-2 
vaccination. Likewise, for Ebola virus the cur-
rent 35% mortality in treated patients is unac-
ceptably high; without a correlation of 
immunity, uncertainty remains on the need 
and intervals for vaccine boosting to ensure 
health care workers in increasingly endemic 
areas are protected.

The development of VTDs for existing and 
future emerging infectious disease pathogens 
requires clinical trials to generate reliable evi-
dence for both safety and efficacy. Even when 
a vaccine or therapeutic is approved by the 
animal rule, as was the case for the 2022 mpox 
pandemic, research is needed to ensure that 
the products are safe and effective in the popu-
lations requiring their use. Though the need 
might seem obvious, the world has repeatedly 
demonstrated a short memory regarding the 
necessity of clinical research and the resources 
to ensure preparedness. Political and scientific 
leadership must work towards a standing 
global clinical research capacity that is con-
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tinually ready to pivot towards strong clinical 
trials in the event of a health emergency. And 
though emergency research response must 
comply with international norms for the 
design, conduct, and human subject protec-
tions, it is not “business as usual” in terms of 
design, leadership, and speed.

Thus, a new field of  research response and 
preparedness for health emergencies has 
emerged, requiring norms for the generation 
of timely, reliable actionable evidence. 
Research goals for any infectious disease 
health emergency include reducing mortality, 
accelerating the end of transmisison, and 
development of  new tools to prevent and mit-
igate future outbreaks of  the pathogen.  By 
way of example, COVID-19 vaccines reduced 
mortality from the pandemic to a degree that 
is difficult to estimate; some inkling of  the 
scale is suggested by a study estimating that 
COVID-19 vaccines averted about 300,000 
deaths in Brazil alone in the first year of  the 
vaccination program there (Santos et  al. 
2023). Over time, and with each research 
response, we are learning both what should 
be done and what should not be done to 
answer research questions effectively and effi-
ciently. Having moved beyond the normative 
discussion about whether research should be 
part of  emergency response, this chapter 
attempts to distill the wisdom collected over 
the past many health emergencies into six 
practical, normative principles for an effec-
tive research response. Experience and reflec-
tion have shown that compliance with these 
principles is both morally and pragmatically 
necessary for a successful research response.

Box 1: Six Principles to Guide Research 
Response
 1. Research is an integral part of prepared-

ness and emergency research response.
 2. Research response must align with the 

three primary goals of  an emergency 
response to: (a) save lives, (b) acceler-
ate the end of  the outbreak, and (c) 
develop measures to prevent and miti-
gate future outbreaks.

 3. Research response should be imple-
mented quickly and efficiently based 
on outbreak preparedness plans.

 4. The scientific and ethical norms for 
human subject research do not change 
during a health emergency.

 5. Research response should be led by the 
country experiencing the health emer-
gency.

 6. Good participatory practice (GPP) 
applies to research in health emergen-
cies.

2  Principles

2.1  Principle 1: Research Should 
Be an Integral Part 
of Preparedness 
and Emergency Response

Integrating research into preparedness plans 
and early response efforts facilitates a success-
ful research response and ensures that the 
research response is aligned with, and syner-
gizes with, other response pillars. Clear early 
research leadership and response during a 
health emergency helps minimize prolifera-
tion of research that does not contribute to 
critical response efforts and can undermine it 
by using scarce resources and producing erro-
neous conclusions (Bugin and Woodcock 
2021; Hanney et al. 2022).

There are many ways, at the country, 
regional, and global levels, that preparedness 
planning enables integration of early research 
response into overall response efforts. A pri-
mary means of ensuring preparedness is 
 politically supported, continually operating 
clinical research infrastructure which pivots 
immediately to research response in a health 
emergency. Such capacity should be built on 
national clinical research capacity linked 
globally to tackle endemic diseases of concern 
to countries and regions and prepared to 
coordinate implementation of emergency 
response research when necessary. It is imper-
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       . Fig. 1 Interacting elements of  preparedness and response planning. GPP-SMC Good Participatory Practice- 
Social Mobilization, Communication, and Community Engagement, MCMs medical countermeasures. (Elizabeth 
Higgs and Robert Sorenson)

ative that research capacity is both supported 
by and responsive to governments to enable 
host country leadership of research response 
during emergencies. Countries can prepare for 
research response by adding a research pillar 
to their response structure and incident man-
agement systems, which ensures research 
interaction and integration with appropriate 
synergistic pillars, e.g., community engage-
ment, case management, etc. The integration 
(. Fig.  1) of the research pillar into the 
Incidence Management System was used suc-
cessfully as early as 2014 by Liberia in West 
African Ebola outbreak (Brooks et al. 2016; 
Fallah et al. 2023).

Likewise, national research response lead-
ership should be identified in advance. Doing 
so avoids delays, as identified leadership 
enables advance preparation of protocols for 
known pathogens. Clinical research capacity 
and the expertise necessary to implement rig-
orous, regulatory-level clinical trials must be 
in place and functioning. Ideally, an ongoing 
research capacity serving as a “warm base” 
for a quick transition to emergency research is 
already part of a global clinical research net-
work. In non-emergency circumstances, the 
network can collaborate on pandemic pre-
paredness research or on endemic diseases of 
local importance. In an emergency, a research 
site already working in the community can 

turn to emergency response more quickly and 
effectively than any outside effort. Its research 
can also be extended and integrated with 
other research response locations if  the out-
break grows into an epidemic or pandemic.

Funders and governments should support 
global clinical research networks inclusive of 
geographic locations where there is a high 
likelihood of zoonotic infections in humans—
not coincidentally, these are places likely to 
need better research capacity (Moorthy et al. 
2024) (7 Chap. 10). It is also necessary, both 
for ongoing and emergency research, that 
clinical research capacity include both inpa-
tients and outpatients. A commitment to con-
tinuous clinical research facilitates advances 
in clinical care and population health and 
enables the development of equitable, global 
clinical trial capacity. Global “always on and 
always prepared” clinical trial capacity will 
ensure sufficient access to diverse populations 
enabling generalizable trial results. 
Interpandemic clinical research against 
endemic diseases, especially in the Global 
South will: benefit local populations by 
advancing MCMs and standards of care for 
endemic infectious diseases; attract support 
from governments, foundations, and interna-
tional organizations; enrich popular under-
standing of research; and ensure preparedness 
to pivot to rapid research response in an emer-
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gency. Inclusion of response research in stra-
tegic planning for health emergencies helps 
ensure transparency, clear communication, 
advance engagement of communities with 
research plans, and integration of research 
into preparedness and response. Finally, 
advance planning can mitigate reactivity and 
research opportunism when an infectious dis-
ease emergency emerges.

2.2  Principle 2: Research Response 
Should Align with the Goals 
of the Health Emergency

The three primary goals of a response to an 
infectious disease emergency are to: (1) avert 
suffering and save lives, (2) accelerate the end 
of the emergency, and (3) identify tools to pre-
vent and mitigate future outbreaks. Well- 
intentioned research that generates knowledge 
but does not align with the goals of the out-
break response during a health emergency can 
undermine the response in a myriad of ways, 
such as diverting resources needed for 
response, confusing communities, creating 
distrust, competing for research participants, 
etc. Research which undermines a response is 
arguably unethical. There are examples of 
well-intentioned research efforts with negative 
unintended consequences in almost every out-
break. The aim of aligning research with out-
break priorities is to leverage scientific 
innovation, capacity, and resources to address 
imperative outbreak goals.

A prioritized research agenda is an essen-
tial tool to outline the most pressing research 
questions posed by an outbreak and to choose 
the methodology for seeking answers that will 
most expeditiously contribute to outbreak 
goals. Every potential research endeavor dur-
ing an outbreak should be evaluated for align-
ment with the three primary response goals. 
Those with the greatest potential benefit 
should be prioritized first; those unaligned 
with these goals or not meeting rigorous sci-
entific and ethical standards should be 
dropped. A clear understanding of this prin-
ciple by response and preparedness leaders 
will result in calm clarity of priorities once an 

emergency ensues, facilitating focus on the 
most critical elements of a research response. 
A well-planned research response will include 
coordination to allocate sufficient research 
resources to each prioritized goal and mini-
mize duplicative research. All elements of the 
research system, including funders, oversight 
bodies such as data and safety monitoring 
boards (DSMBs), institutional review boards 
aka research ethics committees (IRBs or 
RECs), ministries of health and regulatory 
agencies, as well as preclinical and clinical 
investigators, have a responsibility to ensure 
that research conducted during an infectious 
disease emergency is scientifically and ethi-
cally rigorous and aligns with the emergency 
response goals.

2.3  Principle 3: Research Response 
Should Be Implemented 
Quickly and Efficiently Based 
on Outbreak Preparedness 
Plans

Time is of the essence in research response. 
Infectious disease health emergencies, simply 
by virtue of ongoing transmission of a patho-
gen with epidemic and/or pandemic potential, 
require immediate response. In the case of 
outbreaks, as opposed to larger or longer epi-
demics or pandemics, there may be only a lim-
ited window to launch and complete critical 
research. For a long list of known pathogens, 
outbreaks provide the only opportunity to 
acquire human safety and efficacy data for 
candidate therapeutics and clinical efficacy 
data for vaccines. Unfortunately, due to lack 
of preparedness, the brief  opportunity to 
launch critical research has often been missed. 
This was a concern, for example, for the 2022 
Sudan virus disease1 outbreak in Uganda. 
Despite availability of candidate vaccines and 
therapeutics for Sudan virus, there were sev-

1 The common name Sudan virus is now used for 
Sudan ebolavirus, with the corresponding disease 
name Sudan virus disease (Kuhn 2017; Kuhn et al. 
2019).
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eral impediments to immediate clinical trial 
implementation, even though there was a 
great deal of clinical research capacity in 
neighboring Uganda. The primary problem, 
therefore, was not ability to rapidly conduct a 
research response, but research capacity that 
was not responsive to government priorities. 
Issues cited by others included absence of a 
protocol, inadequate supplies of investiga-
tional products to conduct the studies, and 
absence of clarity on research leadership prior 
to the emergency (Branswell 2022). To plan 
for success, we must prepare to quickly launch 
research programs to better understand the 
natural history and to evaluate the safety and 
efficacy of novel investigational products. 
Research priorities at the outset of an out-
break will depend largely on the etiologic 
pathogen and status of licensed and candidate 
VTDs. Nevertheless, there are anticipated evi-
dence needs that apply to most outbreaks 
caused by a novel, re-emerging, or known 
pathogen, and, therefore, much research and 
epidemiologic investigation can be planned in 
advance.

A long list of evidence needs for novel 
emerging pathogens can be anticipated, 
including but not limited to:

 5 Pathogen identification and characteriza-
tion

 5 Investigation of modes of transmission 
and pathogen viability on various surfaces

 5 Development of novel diagnostics
 5 Assessment of efficacy of non- 

pharmaceutical interventions to prevent 
spread

 5 Natural history studies to:
 – Elucidate pathogenesis
 – Characterize disease natural history 

and stages
 – Understand the role of existing comor-

bidities
 5 Demographics of high-risk groups
 5 Pathogen tropism, replication, persistence, 

and shedding
 5 Immunologic responses
 5 Correlates of protective immunity

Rigorous clinical trial protocols can be devel-
oped in advance, including platform random-
ized clinical trials with the necessary flexibility 

to further accelerate research response time-
lines. Early evidence can inform standards of 
care, health care equipment needs, and hospi-
talization projections. Early characterization 
of pathogens and pathogenesis elucidates 
potential mechanisms for putative therapeu-
tics and enables screening of therapeutic can-
didates.

The prototype pathogen approach will 
advance preparedness for families of patho-
gens with pandemic potential, for example by 
developing VTD candidates for at least one 
additional virus in each of the virus families 
known to infect humans (Cassetti et al. 2022). 
Clinical research priorities for known patho-
gens can be identified in advance. Ideally ther-
apeutic and vaccine candidates developed 
under the prototype pathogen approach will 
be in the pipeline, having completed Phase I, 
first-in- human studies, and with adequate 
investigational product supply ready for addi-
tional safety and efficacy studies when needed. 
Other innovations to speed the development 
of VTDs include well-tested “plug and play” 
vaccine platforms into which a gene sequence 
from a new pathogen can be inserted (7 Chap. 
12) and continual work to refine and acceler-
ate computerized screening of small mole-
cules for potential activity against novel 
pathogens (Bhati et al. 2021).

The entire research ecosystem must plan 
for speed in response to a pathogen with pan-
demic potential. Means to ensure this hap-
pens are discussed throughout this book. A 
few of them follow.

 5 Preapproved protocols which span out-
breaks and countries

 5 Pre-identified research response leadership
 5 Rapid response teams
 5 Building local research capacity globally
 5 Emergency operating procedures for over-

sight bodies such as DSMBs, ethics review 
boards, and regulatory agencies

 5 Planning to accomplish needed actions 
concurrently rather than sequentially

Similarly, development plans for candidate 
VTDs need to ensure adequate supply of 
investigational products and prepositioned 
agreements for importation to countries 
where the pathogen has been found previously 
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and, where possible, for advancing candidate 
VTD research through to Phase IIa. Once 
research is ongoing, study designs must be 
efficient, flexible, and adaptive to quickly 
incorporate findings (7 Chaps. 22 and 23). 
We must plan to be successful.

There are known challenges to expedited 
research response at the global level which can 
be addressed in interpandemic periods. Many 
of these obstacles could be addressed through 
global cooperation, including differential 
requirements for individual country-level reg-
ulatory and ethical review, varying manufac-
turing practice, and complex labeling 
requirements. Advance protocol and ethical 
review, as well as import approvals for investi-
gational products, should be possible for 
known pathogens, such as Ebola Zaïre in at- 
risk countries where the Ebola Zaïre virus has 
caused outbreaks in the past.2

2.4  Principle 4: The Scientific and 
Ethical Norms for Human 
Subject Research Do Not 
Change During a Health 
Emergency

The norms for scientific rigor and human sub-
ject protections do not change in an outbreak. 
Put another way, urgency is no excuse for 
either poor quality or unethical science 
(7 Chap. 4 and In Practice 4.2) (NASEM 
2017). To be ethical, clinical research must be 
both scientifically valid and adhere to interna-
tional norms for human subject protections. 
Scientifically valid research by definition is 
designed to generate reliable, actionable evi-
dence to support the outbreak goals (Principle 
2). This does not preclude but rather requires 
innovation in trial design, implementation, 

2 Ebola virus disease (EVD), the term formerly used 
for disease caused by any member of  the genus ebo-
lavirus, now officially denotes only disease caused by 
the species Zaire ebolavirus. The diseases caused by 
Sudan ebolavirus and Bundibugyo ebolavirus are now 
called Sudan virus disease (SVD) and Bundibugyo 
virus disease (BVD), respectively (Kuhn 2017; Kuhn 
et al. 2019).

consent processes, data capture, etc. The 
World Health Assembly recognized the need 
to strengthen global clinical trials to improve 
health security in 2022 by passing WHA 
Resolution 75.8, “Strengthening Clinical 
Trials to Provide High-Quality Evidence on 
Health Interventions and to Improve Research 
Quality and Coordination.” During the 
COVID-19 pandemic poor quality clinical 
trial design and conduct resulted in significant 
research waste. Actionable, ethical, reliable 
clinical trials assessing the safety and efficacy 
of candidate vaccines and therapeutics must 
adhere to the accepted international norms as 
codified in CIOMS, the Declaration of 
Helsinki, and ICH guidance etc.

In resource-poor areas, the realities on the 
ground may need to be adapted to the needs 
of the research. This may mean substantial 
investments in host-country capacities, com-
munity outreach, and education in order to 
conduct the research, leveraging both partner 
and host country capabilities. The response to 
the 2014–2016 West Africa Ebola epidemic 
showed that this can be done in the midst of 
an emergency, even in a low-resource setting 
(NASEM 2017). With increasing recognition 
of the need to enhance global clinical research 
capacity to address inequity and share the 
benefits of the social value of research, espe-
cially in lower-income countries, preparedness 
activities should include a spectrum of 
 initiatives to improve readiness in all countries 
(7 Chap. 8) (WHO 2022).

2.5  Principle 5: Research Response 
Should Be Led by 
the Government of the Country 
Experiencing the Health 
Emergency

All United Nations member states have agreed 
to respect the sovereignty of country govern-
ments (with rare exceptions) (UN 1945). 
Though accepted and legally binding on 
states, this principle is repeatedly violated by 
well-meaning global actors, including other 
countries, non-governmental agencies 
(NGOs), academics, and external public 
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health entities including international organi-
zations. Preparedness plans are often mis-
aligned with the clear need for the local 
government to lead response efforts, including 
research response.

The vulnerabilities of populations experi-
encing health emergencies are discussed else-
where (7 Chaps. 16 and 17), and the host 
government, with sovereign authority over its 
resources and territory, as well as leadership 
of the outbreak response, is best placed to 
ensure rapid implementation of research and 
application of research results. Host country 
leadership facilitates institutional and cultural 
understanding and the adaptations necessary 
to design and implement the research accord-
ing to GPP, so that appropriate stakeholders 
are involved. Furthermore, in-country leaders 
may be best equipped to integrate research 
into overall response social mobilization, risk 
communication, and community engagement 
efforts. It may still be critical for the host 
country leadership, often the ministry of 

health, to shift operational authority to local 
and community leadership, which is often far 
more trusted by the population than central 
leadership. An early understanding of what 
information sources populations and social 
groups trust is needed for effective communi-
cation.

It should be noted that failed nation states 
offer special challenges. Not all governments 
have effective control or legitimacy over all 
their territory and people (7 Chap. 16). In 
such cases, tragedy may ensue, as with cholera 
in Haiti or polio in Syria (Mbaeyi et al. 2021; 
Piarroux et al. 2022).

Lack of clear central national leadership 
during a health emergency can result in an 
uncoordinated, ineffective response (Muldoon 
et al. 2021). During interpandemic times, con-
tinuously operating research capacity must be 
developed and supported by governments so 
that capacity is responsive to government pri-
orities. In low- and middle-income countries, 
governments may enter into partnerships with 

Box 2: Why Government-Responsive Clinical Research Capacity  
Is Essential to Global Health Security

 5 Ensures ongoing support for needed clini-
cal research capacities, ideally via a global 
clinical research infrastructure, continu-
ously conducting needed clinical research 
on endemic diseases that burden popula-
tions where the research is conducted (na-
tional or regional). The clinical research 
capacity would be able to pivot quickly to 
emergency research response as deter-
mined by governments.

 5 Enables government to government part-
nerships for enhancing training, research 
capacity, and infrastructure development 
before an outbreak.

 5 Enables government to government re-
gional clinical research coordination.

 5 Enables pre-positioned protocols through 
national regulatory bodies and RECs/IRBs 
for known re- emerging pathogens.

 5 Aligns research with country evidence 
needs with focus on population-level scale.

 5 Enables Good Participatory Practice.
 5 Ensures integration of  research into re-

sponse early in outbreak.
 5 Enables leveraging of  country resources 

and talent during outbreak.
 5 Ensures coordination of  research within 

country in alignment with country needs.
 5 Ensures consideration and preparation for 

scale of  need for products after licensure 
(. Fig. 2).
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       . Fig. 2 The availability of  government- owned clinical research capacity facilitates rapid research 
response. (Author)

other governments, foundations, international 
organizations, or the private sector to build 
capacity (7 Chap. 8). A positive exemplar of 
government- responsive research capacity is 
integration of clinical research into the 
nationalized health system in the UK, which 
enabled the RECOVERY trial and other 
COVID-19 research (7 In Practice 14.1). 
Fragmented research capacities unaligned 
with the government’s prioritized research 
agenda during an emergency will likely result 
in wasted resources and ill- advised, if  well-
intentioned research detracting from more 
rigorous, coordinated research not only by 
diverting resources, but by generating flawed 
results (Bugin and Woodcock 2021).

A potential solution to the need to shift 
responsibility and authority to local govern-
ments for health emergencies is to develop 
research preparedness and response agree-
ments under a political–scientific alliance.

2.6  Principle 6: Good Participatory 
Practice Applies to Research 
in Health Emergencies

“Nothing about them without them” is an 
axiomatic principle in development circles, 
acknowledging that well-intended efforts can 
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be completely ineffectual or harmful unless 
they incorporate understanding of local cul-
ture, beliefs, rumors, community structures, 
and resources. Respect for all persons, and by 
extension their communities and cultures, 
must be practiced by all research stakehold-
ers: research participants, community mem-
bers, research staff, program and response 
managers, governments, funders, etc. There 
are many stakeholders—by definition, all 
those who are impacted by research or those 
who can impact the research.

The only way to understand cultures and 
communities is engagement via dialogue. In 
anthropological research this can take years, 
but basic understanding and trust can also be 
created in the face of emergencies, even 
though they may be fraught with dangers 
aside from infectious pathogens. Emergencies 
exacerbate existing mistrust in authorities and 
increase susceptibility to rumors, false infor-
mation, and conspiracy theories. Emergencies 
are prime opportunities for paternalistic 
behavior by outsiders who make assumptions 
about what is and is not acceptable to partici-
pants, families, or communities with the 
excuse that the emergency does not allow time 
for nuances.

Good participatory practice (GPP) and its 
near equivalent in many African countries, 
social mobilization, communications, and 
community engagement (SMC), are not a 
nicety but a necessity in a health emergency. 
Following the West Africa 2014–2016 Ebola 
outbreak, in an effort to ensure that local par-
ticipants, communities, and local health 
authorities were respected, heard, and treated 
respectfully, WHO adapted GPP, originally 
developed for HIV clinical trials, to patho-
gens with pandemic potential (WHO 2016). 
These were revised again in 2020, among 
other efforts to tailor community outreach to 
emergency situations (7 Chap. 18) (Hankins 
et  al. 2007; WHO 2020). Full community 
engagement is a necessary part of an effective 
response for pragmatic as well as ethical rea-
sons. Though social science research can 
deepen GPP, in an emergency one can still 
understand and engage with relevant perspec-
tives by involving communities and commu-

nity leaders directly in the design and conduct 
of research—one reason among many for 
bringing local partners into research pro-
grams at all levels of  responsibility. In a health 
emergency, clear communication informed by 
local partners is essential. In a given culture 
or community, even an English word can 
mean very different things. In Liberia for 
example, “research” in many communities 
was understood as something that is done 
with animals, and a “trial” was a process in 
the criminal justice system. The issue is com-
pounded when multiple languages are in use: 
the Democratic Republic of the Congo, for 
example, has one official language, four 
national languages, and about 200 other lan-
guages spoken in the country (Translators 
without Borders 2022).

As seen in . Fig.  3, stakeholders can be 
depicted by concentric circles, with the 
research participants at the center. The argu-
ments about ethically acceptable study design 
during the 2014–2016 Ebola outbreak in West 
Africa too often took place at the periphery 
of these concentric circles, at the multina-
tional level (WHO 2014). The target popula-
tion to be enrolled from among those affected 
by a given heath emergency must be engaged 
early on in discussions of research. GPP opens 
an avenue of communications for explaining 
unanticipated events and coping with emer-
gencies, whether directly related to the clinical 
trial or caused by external developments. 
Building trust in the research process is also 
essential for community confidence in research 
results and any VTDs validated in clinical tri-
als. Much vaccine hesitancy during the 
COVID-19 pandemic, for example, stemmed 
from distrust of the accelerated research time-
line. Media and government messages in the 
United States celebrating the wonders of the 
vaccine, without explaining the evidence of 
the many years of mRNA vaccine platform 
and coronavirus research that had preceded 
the COVID- 19 vaccines, might have been bet-
ter calibrated had there been better GPP 
(Tufekci 2021).

Written standards for community engage-
ment are useful, but leaders and biomedical 
researchers must understand, practice, and 
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       . Fig. 3 GPP stakeholders (Wilson et al. 2021)

Box 3: Differential Complexity and Actors in an Outbreak, Epidemic, and Pandemic
The subject of this book is response to an infec-
tious disease outbreak, epidemic, or pandemic. 
What is the difference? It is the scale and speed 
of transmission that determines which term is 
most applicable. An outbreak refers to more 
cases of a disease than would commonly be 
expected among a given group of people or in a 
specific geographical area in a given period of 
time. An epidemic refers to a larger number of 
cases in a population or region in a short period 
of time. A pandemic is a global epidemic.

The phenomena they describe can vary vastly 
in scale, from, e.g., 23 Nipah virus cases in 
Kerala, India, in 2018 (Arunkumar et  al. 
2018) to the Black Death that reduced Euro-
pean populations by 30–50% from 1347 to 
1351 (DeWitte 2014). The principles and prac-
tice of  response to infectious disease emergen-
cies are generally consistent at any one time, 
whatever the scale of  the event.

The great hope of  preparedness for re-
search response is that an outbreak with 

inculcate the principles and establish trust 
among research stakeholders through com-
munications and collaboration, from study 
design and implementation through to publi-
cation and production of countermeasures. 
An attitude of superior wisdom should be dis-
carded at the outset as wisdom and under-
standing are local. Assumptions about what 
the country, community, or individuals 
directly affected by the outbreak might want 
or believe is likely to be counterproductive. A 
core element of GPP is dialogue—meaning 
two-way communication, not merely telling 
people what to do.

3  Other Applicable Principles 
and Considerations

The six principles outlined here are applicable 
primarily to expedited clinical research in infec-
tious disease emergencies. If there is a common 
thread, it is that such research needs to be inte-
grated into both the continual practice of 
ongoing research and the practice of health 
emergency response. The principles governing 
these fields in “normal” circumstances fully 
apply to emergency research response.

Attempting to accelerate research response 
by loosening ethical standards or averting 
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pandemic potential can be contained while 
VTDs are developed, validated through clin-
ical trials, and distributed to at-risk popula-
tions and areas. All the measures needed for 
an outbreak will be needed in epidemics and 
pandemics as well, which will require addi-
tional action to control and redress the con-
sequences that arise with greater scale. In-
creasing scale naturally leads to greater com-
plexity and politicization. There are many 
other possible differences between pandem-
ics, e.g., the relatively gradual spread of 
HIV/AIDS vs. the rapid transmission of  re-
spiratory viruses like influenza and SARS-
CoV-1&2. Concerted interpandemic efforts to 
improve preparedness and response are essen-
tial.

For an outbreak:
 5 Prompt global reporting and monitoring, 

data sharing, and consideration of  re-
sponse and research needs should begin at 
once for a novel pathogen, and potentially 
for a re-emerging one.

 5 Focus on modes of  transmission immedi-
ately.

 5 Begin non-pharmaceutical interventions 
to help prevent pathogen spread; there 
should be a process in place to adjust 
NPIs based on accumulating research re-
sults.

 5 Conduct systematic natural history and 
laboratory studies urgently to

 – Characterize pathogenesis, stages and 
spectrum of  disease, and pathogen 
replication and transmission

 – Improve clinical care
 – Discover pathogenic mechanisms for 

potential targeting with MCMs
 5 Conduct urgent VTD development and 

research, if  possible while the outbreak re-
mains contained.

 5 Preparedness for research implementa-
tion in low-resource environments could 

prevent an outbreak from growing into a 
pandemic.

In an epidemic, the measures above plus:
 5 Effective international engagement and 

leadership is likely to be necessary.
 5 International responders, like the World 

Health Organization (WHO), non-gov-
ernmental organizations (NGOs), and re-
search institutions bodies will need to 
begin active response or scale up existing 
efforts.

A global pandemic will require all measures 
listed above, but global partnership, coordina-
tion, and cooperation will become critical to 
marshal resources and use them wisely. Miti-
gating countries’ predilection to prioritize the 
needs of  their own populations over an effec-
tive global response will not be easy. Eco-
nomic, social, and political consequences of 
the emergency will require national and global 
leadership. Funding may be abundant, but 
trained personnel, infrastructure, and supplies 
may be in short supply.

 5 Well-informed, credible leadership is es-
sential to

 – Managing a coherent response
 – Maintaining popular confidence in 

countermeasures
 – Combating rumors and misinforma-

tion
 5 Funding is likely to be relatively abun-

dant.
 5 Other resources, from health care systems 

to research assets, are likely to be over-
taxed.

 5 Preparedness should focus on ensuring 
that efforts to counter the pandemic will 
be useful, e.g.,

 – To ensure clinical trials produce inter-
pretable results

 – To minimize the popular appeal of  in-
effective clinical interventions

66 E. S. Higgs



 scientific rigor in clinical trial design or con-
duct can be a literally fatal mistake for trial 
participants and result in uninterpretable or 
unactionable clinical trial results. Rather, 
required procedural steps can be speeded up, 
for example by making ethical and scientific 
review immediate priorities for review bodies. 
Steps that are usually sequential can be taken 
in parallel, by, for example, beginning com-
munity outreach while funding is in process 
and protocols are being written, and by scal-
ing up manufacturing with the proviso that 
the products might have to be discarded if  
clinical trials demonstrate that the investiga-
tional product has unexpected adverse effects 

or is not efficacious. Substantive requirements 
for human protections and scientific rigor 
have been developed over many decades to 
minimum risks to human subjects in develop-
ing novel vaccines, therapies, and diagnostics. 
These standards must not be relaxed because 
we are in a hurry.

Many of these additional principles are 
explained in detail in other chapters of this 
book. Let it be clear throughout that while 
emergency research response may be an 
urgent, life-and-death matter, the principles 
foundational to research and the practice of 
medicine are just as vital to successful response 
(. Fig. 4).

       . Fig. 4 Previous objections to inclusion of  expedited research in emergency response. These considerations have 
been refuted or overcome with time. There is now a consensus that benefits from a well-designed research response 
outweigh the risks and difficulties. (Author)
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? Discussion Questions
 1. Describe the results of  an ideal 

research response to an outbreak with 
pathogen X.

 2. Compliance with the six practical guid-
ing principles collected over the past 
many health emergencies is both mor-
ally correct and practically necessary for 
development of  improved VTDs and 
effective research response to existing 
and future novel pathogens.
 (a) Discuss implementation paths and 

benefits of  Principle 1: research 
should be an integral part of  pre-
paredness and response. Also, 
what is the difference between an 
outbreak, epidemic, and pandemic 
and the actors involved in each?

 (b) For Principle 2, discuss how the 
research response should align with 
the three primary goals of  an emer-
gency response.

 (c) Time is of  the essence in research 
response. Discuss why and how 
response research should be imple-
mented quickly and efficiently based 
on preparedness plans (Principle 3).

 (d) Discuss the critical importance of 
Principle 4, which states that the 
norms of  scientific rigor and ethical 
standards of  protection for human 
research subjects do not change dur-
ing health emergencies.

 (e) Discuss why research led by the host 
country government is essential to 
global health security (Principle 5).

 (f) Discuss Principle 6, which empha-
sizes that understanding cultures 
and communities through dialogue 
and respect (“Nothing about them 
without them”) and involving them 
as trusted stakeholders in response 
efforts (GPP) are critical to research 
in health emergencies.

 3. What are some previous objections to 
inclusion of  expedited research in 
emergency response, which have been 
refuted or overcome with time?
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II

Norms for 
Emergency Research 
Response
Robert A. Sorenson  

Overview of Book Section II. Ethics is at the heart of the clinical 
research enterprise, in large part because the history of medical 
research contains questionable and even appalling episodes. 
Does the urgency of quelling a global disease outbreak justify 
bypassing accepted ethical standards? Perhaps pandemics require 
deviations from the usual ethical and scientific research  standards? 
The editors and authors of this volume agree that the answer is 
“no.” The urgency of understanding a novel or re-emerging  disease 
and developing medical countermeasures, along with social and 
political pressure for fast results, do not justify relaxing  fundamental 
standards that guard scientific integrity and human subject 
 protections. But the urgency is real. How should research priorities 
be set during pandemics? Will research hinder efforts to care for 
affected patients in a high-mortality disease outbreak? From a 
broader perspective, what responsibilities do clinical research 
teams have to ameliorate current health inequities between rich 
and poor, inequities that make all of us more  vulnerable to 
 infectious disease?

Max Smith’s introduction (7 Chap. 4) to fundamental issues in 
pandemic research response sets the stage for considering the 
questions outlined here. Nir Eyal and Marc Lipsitch 
(7 In  Practice 4.1) argue cogently that randomly controlled  clinical 
trials are usually the most ethical as well as the most efficient trial 
design, even when an untested intervention may be seen as the 
only hope for patients. V. Koneti Rao (7 In Practice 4.2) outlines 
some of the ways research ethics committees can move quickly in 
an emergency. The inequity that makes health outcomes so 
uneven around the world, whether seen in unequal access to the 
products of research or to the basic health care that underlies their 
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use, is the focus of a chapter by Dirceu Greco (7 Chap. 5) that 
should make us all think again about global health justice.

Moving away from enduring moral questions, though certainly not 
leaving ethics behind, Marco Cavaleri and colleagues (7 Chap. 6) 
outline how regulators adapt to emergency  circumstances while 
ensuring the safety and efficacy of candidate medical 
 countermeasures (MCMs). Robert Terry and Katherine Wright 
(7 Chap. 7) review the state of biological sample and genetic data 
sharing—a necessity for accelerated emergency response research, 
but one that the world’s countries continue to find difficult to 
negotiate given divergent North-South perspectives.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Five foundational ethical questions and 
considerations facing researchers in pan-
demics:

 5 deviations from existing standards
 5 handling novel ethical issues
 5 prioritization
 5 research in relation to pandemic response
 5 governance and coordination
 5 Major stakeholders and how they collaborate

1  Introduction

It is critical to conduct research during pan-
demics and other infectious disease outbreaks. 
For starters, research conducted during pan-
demics can directly contribute to the emer-
gency response and potentially mitigate 
morbidity and mortality and control the out-
break (e.g., by investigating novel medical 
countermeasures for pathogens that lack any 
effective vaccine or therapy). Second, some 
research questions can only be adequately 
investigated in the midst of a pandemic (e.g., 
investigating the effectiveness and impacts of 
public health countermeasures, or, if  the dis-
ease rarely occurs in other circumstances, 
medical countermeasure [MCMs] as well). 
Finally, research conducted in this context 
can work to correct failures of the market to 
investigate and generate knowledge and prod-
ucts for neglected diseases that have epidemic 
or pandemic potential in a world where 
research and development (R&D) for 
neglected diseases has historically constituted 
less than 2% of all health R&D (WHO 2012). 
For these reasons, many argue there is an ethi-
cal imperative to conduct research during pan-
demics (Andersen et al. 2015; Bain et al. 2018; 
PAHO 2016; Schopper et al. 2017; Thompson 
2016; WHO 2016a).

Yet, due to pressures of time, uncertainty, 
distress, the need for multi-country collabora-
tion, and the potential for research to detract 
from pandemic response, the conduct of 
research during pandemics raises a number of 

profound ethical questions and concerns 
requiring scrutiny. This chapter examines five 
foundational ethical questions and consider-
ations undergirding the nature and role of 
research in pandemic contexts, including:
 1. Do pandemics necessitate or justify devia-

tions from ethical and scientific standards 
for research?

 2. Do pandemics raise novel ethical ques-
tions for research?

 3. How should research priorities be set dur-
ing pandemics?

 4. How should research be conducted in the 
context of other response efforts?

 5. How should pandemic research be gov-
erned and coordinated?

This chapter does not survey or focus on specific 
ethical issues likely to emerge in practice during 
the conduct of research in pandemics, such as 
informed consent and data sharing (7 Chaps. 
3, 7, 18, and 35 and In Practice  4.2), though it 
may touch on these in service of exploring other 
foundational questions. In other words, this 
chapter sets out to establish an understanding 
of the ethics of pandemic research, which may 
be contrasted with ethical issues in pandemic 
research.

Box 1: Correcting Market Failures via 
Research Conducted During Epidemics 
and Pandemics
The lack of  an approved vaccine or effec-
tive therapy for Ebola virus disease (EVD) 
during the 2014–2016 epidemic in West 
Africa was in large part a result of  limited 
investment in R&D activities in this area 
despite the identification of  the virus sev-
eral decades earlier in 1976 and the exis-
tence of  two candidate vaccines. The threat 
posed by the epidemic created an opportu-
nity for significant international research 
efforts, ultimately leading to the develop-
ment and approval of  more than one EVD 
vaccine within just 4 years. This illustrates 
an often-overlooked ethical reason to con-
duct research during epidemics and pan-
demics, i.e., to correct for market failures.
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2  Do Pandemics Necessitate or 
Justify Deviations from Ethical 
and Scientific Standards 
for Research?

Pandemics require urgent research to under-
stand the pathogen in question and to iden-
tify potential ways to diagnose, prevent, or 
mitigate its harmful effects. Pandemics may 
also require a degree of  adaptability or flexi-
bility in how research studies are designed 
and implemented, given practical or logisti-
cal limitations. Moreover, there is generally a 
short window of  opportunity to conduct 
valuable research during pandemics, as it will 
often be difficult or impossible to answer 
some questions adequately outside the pan-
demic’s acute phase. Consequently, some 
have asked whether the speed and adaptabil-
ity required of  research during pandemics 
might justify exceptions to ethical and scien-
tific standards that otherwise govern research 
conduct. Put another way, some ask whether 
pandemics eliminate the “luxury” we other-
wise have to demand such high standards for 
research, necessitating what might be called 
“pandemic research exceptionalism” 
(London and Kimmelman 2020). Indeed, 
there may be significant pressures, from the 
public or from decision makers, to cut  corners 
in an effort to generate knowledge or provide 
countermeasures as quickly as possible 
(Bramstedt 2020). Such standards may 
include ethical standards, such as those that 
must otherwise be met during the ethics 
review process or during publication peer 
review, as well as scientific standards, such as 
those typically used to ensure rigor in study 
design, participant selection, blinding, mask-
ing, controls, sample size estimation, and so 
forth, which themselves have ethical dimen-
sions and implications. Failing to get clarity 
and agreement on whether pandemics neces-
sitate deviations from ethical and scientific 
standards for research runs the risk of  funda-
mentally frustrating the prospect of  effective 
collaboration between research stakeholders, 
establishing shared priorities for research, 
and so forth.

While it is attractive to think that research 
ought to be designed in whichever way is 
fastest and easiest to implement when faced 
with such a formidable threat, there are per-
suasive reasons to think that deviations from 
ethical and scientific standards of  research 
due to a pandemic would not be ethically jus-
tified. As London and Kimmelman (2020) 
argue, “the moral mission of  research 
remains the same: to reduce uncertainty and 
enable caregivers, health systems, and policy-
makers to better address individual and pub-
lic health.” The challenges that rigorous 
scientific methods are designed to address 
“do not disappear” in a pandemic, nor do 
researchers’ obligations to protect the inter-
ests of  research participants and align 
research conduct with the public interest, 
which are advanced by research ethics stan-
dards and regulations (London and 
Kimmelman 2020). Indeed, the ethical 
imperative to conduct research in a pandemic 
is not to conduct just any research; it is to 
generate the best possible data about ques-
tions of  social value to inform decisions and 
provide better services (European Network 
of  Research Integrity Offices 2020). And it 
remains unethical, even during a pandemic, 
to ask people to participate in research that is 
unlikely to produce meaningful results. 
Moreover, one ought not to discount the 
effects that lowering ethical or scientific stan-
dards could have on the public’s trust in 
research studies, scientific institutions, and 
the products of  research like therapeutics 
and vaccines (7 Chap. 18). Erosion of  trust 
can have deleterious effects on research par-
ticipation, confidence in research findings, 
and uptake of  the products of  research that 
may be integral for mitigating or ending the 
pandemic. There is growing realization that 
social mobilization, community outreach, 
and well-designed communications with the 
community, also known as good participa-
tory practice, are often essential, not only for 
recruiting trial participants but for public 
trust in research programs and in the results 
of  the research, e.g., medical countermea-
sures against the disease under study (AVAC 
2021; Hankins et al. 2007; Wilson et al. 2021).
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Due to the nature and complexity of pan-
demics, research conducted in this context 
may put research participants at heightened 
risk of harm and challenge existing mecha-
nisms for ethical review and oversight 
(O’Mathúna 2010). Consequently, in contrast 
to lowering standards during pandemics, 
some argue that special scrutiny ought to exist 
in relation to research conducted in these con-
texts (Levine et al. 2004; Tansey et al. 2010).

Ultimately, pandemics do not obviate the 
need for rigorous scientific evaluation and 
adherence to universal ethical standards for 
social value, scientific validity, independent 
review, reasonable benefit–risk ratio, fair and 
voluntary participation, collaborative part-
nership, and equal moral respect for partici-
pants and affected communities (Emanuel 
et al. 2004; NASEM 2017; Smith et al. 2020a; 
WHO 2020b) (7 Chap. 3). However, this is 
not to say that accepted ethical and scientific 
standards cannot be interpreted in light of, 
and adapted in response to, particular circum-
stances and contexts, or that different pro-
cesses may not be used to advance those 
standards. For example, while ethical stan-
dards may remain the same, ethics review 
boards will likely need to modify their stan-
dard operating procedures to respond to time- 
sensitive protocols or put plans in place to 
facilitate expedited reviews in a manner that 
still accords with accepted standards 
(Schopper et  al. 2017). Additionally, what 
might represent an ethical ideal may need to 
be revisited in contexts of time pressures and 
resource constraints; for instance, the impera-
tive to achieve full partnership between medi-
cal and scientific colleagues in high-resource 
and low- resource countries may not be imme-

diately achievable in an emergency (Canario 
Guzmán et al. 2017). In any case, adaptations 
must be explicitly ethically justified and 
reviewed through transparent and inclusive 
processes.

? Discussion Question 1: Pressures to 
Revise Research Standards During 
Pandemics
A pandemic involving a novel pathogen has 
led to significant morbidity and mortal-
ity worldwide. There is no known effective 
therapy or prophylactic; however, a study of 
a novel therapy is about to be initiated. Given 
the immense burden of morbidity and mor-
tality associated with the pandemic patho-
gen, the researchers leading the study are 
concerned that the use of placebo compara-
tors in the trial would conflict with their duty 
of care and, more generally, with their com-
passion. They consider whether they ought 
to forgo randomization of some study par-
ticipants to a placebo control arm given the 
dire prospects they otherwise face, despite 
the statistical control afforded by randomiza-
tion. Others on the research team argue that 
it is uncertain whether the therapy is better 
than placebo in treating the disease or may 
actually cause harm—that is, clinical equi-
poise exists—and so no study participant 
will receive a standard of care inferior to any 
available alternative (7 In Practice 4.1).
Discussion question: Do the dire circum-
stances faced by study participants created 
by a pandemic provide an ethical reason to 
adopt designs or methods that may be less 
capable of achieving statistical assurance of 
safety and efficacy?

3  Do Pandemics Raise Novel 
Ethical Issues for Research?

Arguably, pandemics can raise ethical issues 
for research that may not otherwise be 
encountered, either at all or with such inten-
sity (Nuffield Council on Bioethics 2020). 
Pandemics may also create novel circum-
stances wherein familiar ethical issues in 
research must be uniquely navigated.

Box 2: Research Ethics Standards
The U.S.  Department of  Health and 
Human Services (HHS) International 
Compilation of  Human Research 
Standards has compiled over 1000 laws, 
regulations, and guidelines on human par-
ticipants’ protections in 131 countries and 
international organizations (OHRP 2020).
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Consider the novel research ethics issues 
raised by the emergency use authorization of 
COVID-19 vaccines in the United States (and 
elsewhere), and specifically whether ongoing 
vaccine trials would be ethically justified in 
continuing to use placebo controls in this con-
text. One might consult international research 
ethics standards on this question, including 
Article 33 of the Declaration of Helsinki, 
which states:

» The benefits, risks, burdens and effective-
ness of  a new intervention must be tested 
against those of  the best proven 
intervention(s), except in the following cir-
cumstances:

 5 Where no proven intervention exists, 
the use of placebo, or no intervention, 
is acceptable; or

 5 Where, for compelling and scientifi-
cally sound methodological reasons, 
the use of any intervention less effec-
tive than the best proven one, the use of 
placebo, or no intervention is necessary 
to determine the efficacy or safety of 
an intervention and the patients who 
receive any intervention less effective 
than the best proven one, placebo, or 
no intervention will not be subject to 
additional risks of serious or irrevers-
ible harm as a result of not receiving 
the best proven intervention. Extreme 
care must be taken to avoid abuse of 
this option (WMA 2013).

In other words, according to the Declaration 
of Helsinki, investigational COVID-19 vac-
cines should be tested against a placebo only 
in circumstances where no proven interven-
tion exists. Yet, the emergency use authoriza-
tion of COVID-19 vaccines raised the unique 
question of whether vaccines authorized by 
these means would meet the threshold of a 
“proven intervention” (WHO 2020a). If  they 
do, then the continued use of placebo controls 
in those vaccine trials could be considered 
unethical. This situation led some to argue 
that participants of such vaccine trials should 
be offered the opportunity to be unblinded so 
they can make an informed decision about 
whether to withdraw from the trial and access 

the emergency authorized vaccine (Singh 
et al. 2021). By contrast, the continuation of 
trials with placebo controls even after emer-
gency authorization is granted could be con-
sidered necessary in order to further 
characterize and understand the duration of 
protection provided by the vaccine, determine 
the effectiveness of the vaccine in populations 
not previously included in clinical trials, eval-
uate effectiveness for additional clinical end-
points not evaluated in previous clinical trials, 
and support the submission of applications 
for full market licensure. This debate arguably 
represents a novel ethical question and issue 
raised by the unique mechanisms that exist 
only in public health emergencies, like emer-
gency use authorizations.

Other ethical issues that are salient in pan-
demics may not be novel but appear so due to 
their intensity, perceived relevance, or impor-
tance. For example, the COVID-19 pandemic 
prompted fierce debates regarding the ethical 
merits of human challenge studies, whereby 
healthy study participants are deliberately 
infected with a pathogen to rapidly test novel 
diagnostics, therapeutics, or vaccines (WHO 
2020g). On the one hand, proponents argued 
that challenge studies could significantly 
accelerate the development of these crucial 
resources, which could in turn help to avert 
considerable morbidity and mortality. As 
Plotkin and Caplan (2020) put it, “extraordi-
nary diseases require extraordinary solutions.” 
On the other hand, opponents argued that 
challenge studies in this context represented 
an unfavorable risk–benefit ratio for study 
participants, particularly in the absence of a 
rescue therapy (Kahn et al. 2020) and uncer-
tainty in longer term sequelae. Yet, these are 
not necessarily novel ethical issues or ques-
tions; human challenge studies have been con-
ducted for hundreds of years and arguably 
raise similar ethical questions in non- pandemic 
contexts (Hope and McMillan 2004; Jamrozik 
and Selgelid 2021). But there is no doubt that 
pandemics can intensify the perceived need for 
challenge studies and consideration of their 
ethical merits and justification.

One could similarly argue that epidemics 
and pandemics, like the 2015–2016 Zika epi-
demic and COVID-19 pandemic, raise partic-
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ularly urgent ethical questions regarding the 
inclusion of pregnant and breastfeeding peo-
ple in related clinical research, such as trials 
for vaccines and therapeutics. Both Zika and 
COVID-19 illustrate how infectious diseases 
can uniquely affect the health interests of 
pregnant people and their offspring, high-
lighting the ethical importance of considering 
pregnant people and their offspring in vaccine 
trials and other pandemic research (Krubiner 
et al. 2019). However, the historical exclusion 
of such populations from research agendas 
and clinical trials has left an urgent need for 
additional data to ensure the safety of many 
medical countermeasures for pregnant and 
lactating individuals, so the ethical issue is 
hardly peculiar to pandemic research (Denne 
and Pediatric Policy Council 2019).

No matter whether pandemics raise novel 
ethical issues or simply create novel circum-
stances wherein familiar ethical issues in 
research must be navigated with greater 
urgency and intensity, the upshot is that 
researchers, regulators, and ethics review bod-
ies require relevant guidance and mechanisms 
to effectively respond to them. This chapter 
returns to this point in its discussion of 
research governance, coordination, and over-
sight in 7 Sect. 6.

4  Setting Research Priorities 
During a Pandemic

Research is not a value-neutral enterprise. 
What is studied tends to reflect the types of 
information, answers, and products consid-
ered to be of the highest priority or greatest 
value (Nuyens 2007). This is mediated through 
funding priorities, determinations of where 
and with whom research ought to be con-
ducted, the nature of how research is con-
ducted, where research is published, and so 
forth. It is therefore important to acknowl-
edge that research priorities are necessarily set 
against a backdrop of inequity where the 
interests and values of some are seen to matter 
less. It is similarly important to acknowledge 
that research priority setting has the capacity 
to create or further exacerbate inequities inso-

far as it can dictate where scarce resources are 
prioritized as well as where research transla-
tion and research capacity strengthening 
occurs (Pratt and Loff 2014; Pratt et al. 2018). 
While much attention is paid to manifest 
injustices in allocation of the fruits of pan-
demic research (e.g., vaccines, therapeutics), 
injustices in research priority setting can also 
mean there simply are no vaccines or thera-
peutics for pathogens primarily affecting the 
least advantaged, notably the category of 
neglected tropical diseases (7 Chap. 5).

? Discussion Question 2: Which 
Considerations Should Guide Research 
Priority Setting During Pandemics?
In their 2018 study, Pratt et al. (2018) report 
on an international workshop they con-
vened to explore what might be ethically 
required for research priority setting at the 
national and global levels. Several substan-
tive criteria that could be applied in global 
health research priority setting were sug-
gested by workshop participants, including:

 5 Need
 5 Burden of disease
 5 Magnitude of benefits
 5 Equity
 5 The needs of vulnerable and disadvantaged 

groups
 5 Cost-effectiveness of research
 5 Cost-effectiveness of proposed interven-

tions
 5 Likelihood of research success

Discussion questions: Which criterion, or 
combination of criteria, ought to guide pan-
demic research priority setting? Whose inter-
ests do different criteria serve or advance?

The research agenda in a pandemic is likely to 
be shaped by high-income countries, whose 
interests are overrepresented because of their 
financial and political power to exert influence 
or control over research priority setting pro-
cesses and decisions, and because high-income 
countries are better resourced than low- and 
middle-income countries. Non- governmental 
funders are also usually influenced by high-
income-country locations, staff, and funding as 
well. This may create or exacerbate inequities, 
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as national governments of high-income coun-
tries who fund research will largely be expected 
to prioritize the health security of their own 
citizens when determining their funding objec-
tives, which means that research with a greater 
likelihood of benefitting rich nations will be 
prioritized over research having a greater likeli-
hood of benefitting poorer nations (Nuffield 
Council on Bioethics 2020). For example, 
greater priority may be given to high-tech inno-
vations that rely on sophisticated infrastruc-
ture, with less priority given to low-tech local 
innovations that might be of greater value in 
low- and middle-income settings.

Correcting such inequities requires an 
understanding of who is affected by the pan-
demic and the research that may be con-
ducted; fair and inclusive processes for 
including the interests, perspectives, and needs 
of all affected parties (and particularly those 
expected to be most disadvantaged by a given 
pandemic) when setting priorities; and in turn 
setting priorities themselves that aim to work 
to the benefit of the least advantaged. Some 
progress has been made to these ends in recent 
years, though considerable deficits remain 
(7 Chap. 5). A few of the main organizations 
working to this end are

 5 The World Health Organization (WHO), 
through its R&D Blueprint, which aims to 
improve coordination between scientists 
and global health professionals, accelerate 
the research and development process, and 

develop new norms and standards to learn 
from and improve upon the global research 
response to infectious disease threats 
(WHO 2016b).

 5 The Global Research Collaboration for 
Infectious Disease Preparedness (GloPID-
 R), which brings funders together to facilitate 
a rapid and effective response to infectious 
disease outbreaks (GLOPID-R 2021).

 5 The Coalition for Epidemic Preparedness 
Innovations (CEPI), a global partnership 
between public, private, philanthropic, 
and civil society organizations to acceler-
ate the development of vaccines against 
emerging infectious diseases (CEPI 2021).

 5 The Alliance for Accelerating Excellence in 
Science in Africa (AESA), a partnership 
aiming to shift the center of gravity for Afri-
can science to Africa through agenda setting, 
mobilizing R&D funding, and managing 
continent-wide science, technology, and 
innovation programs (Alliance for Accelerat-
ing Excellence in Science in Africa 2021).

 5 The Access to COVID-19 Tools (ACT) 
Accelerator, a multilateral partnership 
dedicated to accelerating “development, 
production, and equitable access to 
COVID-19 tests, treatments, and vac-
cines,” and its COVAX vaccine pillar, 
which in addition to the development and 
production of vaccines, seeks to “guaran-
tee fair and equitable access for every 
country in the world” (WHO 2022a).

Box 3: Correcting Inequities in Research Priority Setting
In response to ethical concerns related to how 
decisions about research prioritization and 
funding are made during public health emer-
gencies, the Nuffield Council on Bioethics has 
made the following recommendations to cre-
ate a more collaborative approach between 
funders, ensure a wider range of  voices is 
heard in determining the kind of  research that 
should get funded, and shift the power bal-
ance in funding decisions towards lower-in-
come countries:

 5 Collaboration between funders and rele-
vant governments/national research insti-

tutions/UN bodies at the start of  an emer-
gency, to agree on research priorities

 5 A dedicated pooled funding resource for 
research in emergencies, with inclusive 
and diverse representation from research 
institutions around the world among its 
leadership and embedded in decision-
making processes

 5 Innovative approaches among funders to 
find ways to support and incentivise re-
searchers to include affected communities 
directly in plans for grant applications 
(Nuffield Council on Bioethics 2020).
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But there are additional forces that may 
shape research priority setting which deserve 
ethical scrutiny. For example, pressures from 
the public or decision-makers may result in 
the prioritization of research dedicated to 
demonstrating the effectiveness of certain 
interventions, like occupancy limits or mask-
ing, where the merits of those interventions 
are called into question or resisted not for sci-
entific reasons, but rather for political or ideo-
logical reasons. Conversely, research agendas 
may be shaped by public pressures to investi-
gate interventions as a result of misinforma-
tion regarding the promise they show. These 
pressures, intense at times, have the capacity 
to influence the sorts of research conducted 
and the sorts of research seen as valuable. 
These influences are not necessarily unique to 
pandemics, but there is little doubt they are 
amplified in this context given the immense 
political and public pressures at play. Ethical 
scrutiny is therefore required so as not to 
divert scarce resources from other research 
priorities or unnecessarily expose research 
participants to harms.

It is also important to note that decisions 
about the kinds of research that ought to be 
conducted or prioritized during a pandemic 
are often informed by evidence generated from 
prior research. For example, some interven-
tions, like therapeutics or vaccines, may be 
selected for testing based on evidence gener-
ated from previous trials. Due to the paucity 
of data and uncertainty that often character-
izes pandemic contexts, evidence used to 
inform research priorities may be limited, 
sometimes stemming from only a handful of 
studies, or perhaps from mere signals emerg-
ing in unpublished studies or non-refereed 
publications (Smith et al. 2020b). What is pub-
lished and, therefore, what makes up the lim-
ited evidence base upon which research 
priorities are based, has the potential for bias 
and may reflect important distortions, leading 
to distorted research priorities (Knox Clarke 
and Darcy 2014). This may in turn have conse-
quences further down the line, for example, 
where a “positive results bias” (when statisti-
cally significant positive results from a study 
are more likely to be reported than negative 
results) leads to the use of certain measures in 

response to a pandemic when the effectiveness 
of those measures has been exaggerated or 
where an effect does not actually exist. 
Alternatively, research priorities during a pan-
demic may be particularly susceptible to “hot 
stuff bias,” which occurs when a topic is popu-
lar within the scientific community, among 
public health authorities, popular media, poli-
ticians, or the public, such as hydroxychloro-
quine during the early days of the COVID-19 
pandemic, leading to increased interest in 
research and publication on that topic, even if  
those results are preliminary or weak (Sacket 
1979). Efforts to mitigate the ways in which 
biases in publication and in the evidence base 
are required for an effective, ethical pandemic 
response; these can include making data more 
accessible, introducing techniques for research 
registration and evidence synthesis, and 
 examining the ways in which the interests of 
different stakeholders might contribute to bias 
or otherwise impact study effects (Smith 2015).

Finally, arriving at shared research 
 priorities in a pandemic is threatened by the 
fact that the research enterprise comprises 
numerous organizations and stakeholders 
who may have conflicting priorities. Research 
governance and coordination are the subject 
of 7 Sect. 6.

5  Research Versus Response or 
Research as Response?

Despite the ethical obligation to conduct 
research during pandemics, it is important to 
carefully balance the need to generate new 
knowledge in service of optimizing current 
and future pandemic response, including 
development of novel medical countermea-
sures, with efforts to directly respond to the 
current pandemic. There is good reason to 
believe that research should not impede 
response efforts or use resources that could be 
used for other response measures unless the 
research can itself  contribute to the current 
response. In other words, if  it can be expected 
that research might take away personnel, 
equipment, or other resources from those 
required for pandemic response (or from rou-
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tine health care and public health services), 
then that research should not be conducted, at 
least not in ways that would run orthogonal to 
response efforts (WHO 2020b).

While the prospect of conducting rigorous 
clinical trials of medical countermeasures in a 
resource-limited environment once seemed so 
daunting as to require years of advance plan-
ning, the research experience that began in 
2014 during the West Africa Ebola epidemic 
showed that it could be done and that it could 
contribute to eventual approval of vaccines 
and therapeutics (Bausch et  al. 2008; FDA 
2019, 2020; Mulangu et  al. 2019; NASEM 
2017), which accelerated the end of the Ebola 
outbreak. As demonstrated by the Ebola 
experience, and as broadly carried out during 
the COVID-19 pandemic, research response 
can be an integral and even a primary element 
of pandemic response, and in that case, it 
would arguably be misguided to say it takes 
resources away from response. The COVID- 19 
response is now the paradigm, for better or 
worse, of a relatively rapid research response 
to a major pandemic, and has set a new base-
line for non-pharmaceutical interventions, 
evolving guidelines for treating patients, and 
the rapid development, clinical trials, and 
authorization or approval of medical coun-
termeasures. Multifaceted research response 
will no longer be seen as an optional part of 
response to a novel pathogen, and the ques-
tion in future outbreaks will be not whether 
but how to incorporate research into response 
while upholding ethical and scientific norms 
and standards.

Research response is no longer simply “nice 
to have.” However, it remains critical to ensure 
research and other response elements oper-
ate in a manner that is complementary. That 
means doing a better job of ensuring resources 
go to well-planned, well-powered studies that 
can produce replicable, regulatory- level results 
(Bugin and Woodcock 2021). This is of par-
ticular ethical importance because of the inter-
dependence of research and response, wherein 
the infrastructure necessary for research is also 
necessary for a well- functioning health sys-
tem and pandemic response, and vice versa. 
Striking the right balance between research 
and response is also critical because research 

may not always be perceived as important 
(Nuffield Council on Bioethics 2020), espe-
cially where communities believe all avail-
able resources should be used to aid response 
efforts. Indeed, if  the infrastructure under-
girding research, particularly in low-resource 
settings, appears to be better supported than 
response efforts, including the provision of 
basic health services, then research may not 
be accepted (Parker 2019). While researchers, 
research funders, and research institutions may 
not always have control over response efforts 
and the provision of health services, they can 
partner with organizations who do in order to 
ensure research efforts complement response 
efforts (7 In Practice 17.1). Respectful engage-
ment and partnership with the communities 
where research is conducted and with research 
study participants themselves goes a long way 
to ameliorate community suspicions about the 
motives and professionalism of both research 
and humanitarian health care responders 
(7 Chap. 18).

The line between research and other 
evidence- generating activities (e.g., surveil-
lance as epidemiological research) that may be 
used in response is fuzzy and can easily 
become blurred in the context of a pandemic 
(Calain et  al. 2009; Hunt et  al. 2012; Sethi 
2018; WHO 2010; Willison et al. 2014). This is 
also because research activities often com-
prise part of the response effort. Moreover, 
many activities straddle the categories of 
research even when they are not primarily 
seen as such. Disease surveillance, for exam-
ple, may be seen primarily as a tool of epide-
miological preparedness and response, but the 
data it generates can be used by researchers in 
various disciplines for research into, for exam-
ple, social determinants of health or disease 
vector range mapping (Mitra and Sethi 2016). 
Precisely how research and response are dis-
tinguished has important implications in 
practice, since “research,” “public health 
intervention,” “clinical care,” and so forth are 
governed by different regulations, laws, proce-
dural guidance, codes of ethics, and ethical 
considerations. For example, research is gen-
erally required to undergo some form of inde-
pendent ethics review (and is thus subjected to 
standard norms of research ethics), whereas 
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interventions deemed not to be research gen-
erally are not. Consequently, the ethical stakes 
of getting this distinction right can be high. If  
scrutiny is not given to the nature and scope 
of different evidence-generating activities 
during a pandemic, some forms of evidence 
generation may end up proceeding with little 
or no consideration of their ethical implica-
tions, including harms that may arise for par-
ticipants (Nuffield Council on Bioethics 
2020). Conversely, requiring that routine pub-
lic health surveillance or service evaluation 
adhere to research regulations would place 
unnecessary burdens on the public health sec-
tor, which may in turn impede response efforts.

Because it can be both conceptually and 
practically challenging to distinguish research 
practices from other activities conducted dur-
ing a pandemic, the Nuffield Council on 
Bioethics has proposed that one first consider 
the nature of the ethical concerns raised by the 
particular activity and circumstance and then 
evaluate the most appropriate form of over-
sight to identify and respond to those concerns 
(Nuffield Council on Bioethics 2020). This 
approach is adopted by Public Health Ontario, 
which ensures ethical scrutiny and oversight is 
applied to all evidence-generating activities, 
but in a manner that is proportionate to the 
activity and attendant ethical concerns (Public 
Health Ontario 2012). As a result, the risk that 
activities will proceed without ethical scrutiny 
is attenuated, but without necessarily adding 
administrative or methodological burdens to 
activities where they are not required or would 
be disproportionate.

6  Research Governance, 
Coordination, and Oversight 
During Pandemics

During a pandemic, all of humanity has a 
shared interest in urgently developing safe and 
effective therapeutics, vaccines, and diagnos-
tics to aid in pandemic response. There are 
also shared interests in better understanding 
the effectiveness and impacts of non- 
pharmaceutical countermeasures. Researchers 
(as well as research funders, publishers, etc.) 

the world over will therefore be motivated to 
pursue similar lines of research, which can 
result in a coordination challenge whereby 
duplication (of studies, of review of studies, 
etc.), competitive enrolment and underpow-
ered studies, poor stewardship of scarce 
resources (e.g., investigational products, fund-
ing, research participants, etc.), and barriers to 
sharing information and learning from others 
are more likely to occur (Bugin and Woodcock 
2021; Raynaud et  al. 2021). Furthermore, 
research may continue to be funded and con-
ducted on issues that have been thoroughly 
researched but for which results have simply 
not been published. Mechanisms to ethically 
govern and coordinate research efforts, includ-
ing in setting research priorities, in a pandemic 
are therefore critical (G7 Therapeutics and 
vaccines clinical trials charter 2021).

Given the multiplicity of stakeholders 
involved in the conduct of pandemic research 
(e.g., research institutions, funders, regulatory 
authorities, humanitarian organizations, etc.), 
multi-center and multi-country collaboration 
is key. Such collaboration can be facilitated, in 
part, through creative trial platforms and so- 
called master protocols, such as the WHO 
Solidarity vaccine and therapeutics trials, 
which have adaptive designs that permit modi-
fications to parameters of the trial (such as 
adding or dropping interventions as the trial 
progresses) while still proceeding under a com-
mon framework for research conducted across 
organizations and countries. The UK 
RECOVERY trial follows an analogous design 
using the infrastructure of the UK National 
Health Service (RECOVERY trial 2022; 
WHO 2021, 2022b). Many have argued that 
WHO possesses the legitimacy and convening 
power to take a leading role in coordinating 
research in this context (Nuffield Council on 
Bioethics 2020). Indeed, WHO’s R&D 
Blueprint functions as an R&D model for 
global research coordination and product 
development efforts for epidemics and pan-
demics. Other existing collaborative networks, 
such as WHO’s Thematic Platform for Health 
Emergency and Disaster Risk Management 
Research Network (TPRN), similarly repre-
sent progress in the effort to join up the global 
research community to improve the scientific 

82 M. J. Smith



evidence base in health emergency and disas-
ter risk management (Kayano et  al. 2019). 
Critically, a multiplicity of stakeholders is 
likely to also mean accountabilities to differ-
ent, and often conflicting, interests, popula-
tions, regulations, and guidelines. Efforts to 
coordinate research efforts during pandemics 
must therefore be alive to, and in turn attempt 
to be transparent about, the responsibilities 
undertaken by different actors, like national 
governments, non-governmental organizations, 
funders, ethics review bodies, intergovern-
mental organizations, research institutions, 
and researchers (Moon et al. 2021).

Good governance and coordination of pan-
demic research is predicated, in part, on the 
capacities of researchers and their institutions 
and communities in different parts of the world 
to support, facilitate, and participate in such 
research. Yet, while pandemics are unique 
 insofar as they can impact all countries, not all 
countries have similar capacities to conduct, 
facilitate, or review research. These capacities 
can be further limited where fragile health 
 systems are already strained due to the pan-
demic. Good governance and coordination of 
research therefore demands that well-resourced 
countries and organizations support local 
researchers and ethics review boards in fragile 
or vulnerable settings to overcome these 
 challenges, particularly to ensure research is 
 conducted to high standards even in 
 low-resource settings and that the benefits of 
research are shared equitably (Emanuel et  al. 
2004). In other words, existing global  inequities, 
understood in terms of research capacity, health 
system capacity, and economic  circumstances, 
have important consequences for the 
 responsibilities countries and  organizations 
have for research governance and coordination 
(Nuffield Council on Bioethics 2020).

Obligations of those with existing resources 
do not preclude local community leadership 
and agency in pandemic research. Local 
researchers and communities must still be 
meaningfully involved in the design, 
 implementation, analysis, reporting, and 
 publication of pandemic research as a matter 
of international equity in science and equal 
moral respect for affected communities, as well 
as to ensure studies respond to local realities 

and needs without jeopardizing  pandemic 
response in those settings (Smith and Upshur 
2018). Working with local partners to prepare 
for and respond to ethical issues in pandemics 
is therefore critical (Bain et al. 2018). This may 
require, among other things, building and 
strengthening capacity of ethics review bodies 
and their members in low- and middle-income 
countries, both in general and in relation to 
the ethical review of research conducted in 
emergency contexts (Bain et al. 2018; Gailits 
et  al. 2019). Multiple tools could support 
capacity building to this end, including the 
development and sharing of model study 
 protocols to be used by local research ethics 
committees (Macklin and Cowan 2009), 
 template agreements for data and biospeci-
men  ownership and governance (Alirol et al. 
2017), case studies of common ethical issues 
expected to emerge in these contexts, model 
standard operating procedures for emergency 
ethics review (Saxena et al. 2019), and a repos-
itory of study protocols or protocol parts that 
articulate best practices in research design and 
implementation (WHO 2010). In all cases, 
capacity building efforts ought to be designed 
and positioned so as to encourage the 
 bidirectionality of learning (Kohrt et al. 2019).

Ethical analysis, support, and oversight of 
research conducted during pandemics is of the 
utmost importance, particularly when such 
research is conducted in resource-poor settings 
or with already disadvantaged populations 
(O’Mathúna et al. 2013; Rid and Emanuel 2014; 
Schopper 2014; Sumathipala et al. 2010; Tansey 
et al. 2017). Among other reasons, this is because 
pandemics often necessitate a deviation from 
common research expectations (e.g., a faster 
roll-out of research or a shift from the relatively 
slow, traditional research ethics review processes 
to an expedited approach) (Bain et  al. 2018; 
Calain 2018; Dahab 2017; Eckenwiler et  al. 
2015; Folayan et al. 2015; Mezinska et al. 2016; 
O’Mathúna 2010; Richardson et  al. 2017; 
Thielman et  al. 2016), research activities may 
impede response efforts or confuse potential 
research participants (O’Mathúna et al. 2013), 
potential participants who are already  vulnerable 
may have increased vulnerability (Levine 2004), 
and because there may be a distortion of risk-
benefit assessments, standards of care, and the 

83
4 Ethics of Pandemic Research



 

quality of informed consent in these contexts 
(Adebamowo et  al. 2014; Alirol et  al. 2017; 
Andersen et  al. 2015; Bain et  al. 2018; Calain 
et  al. 2009; Ellenberg et  al. 2018; Joffe 2014; 
Kohrt et  al. 2019; Leider et  al. 2017; Millum 
et al. 2019; Sumathipala et al. 2010). These con-
siderations or issues raise distinctive ethics and 
governance challenges (Mitra and Sethi 2016).

Existing regional, institutional, or national 
ethics review bodies provide ethics support, 
advice, review, and approval for research con-
ducted both in general and during pandemics. 
Yet, not all countries or institutions have ethics 
review bodies, and some may not have the 
resources to function optimally, especially dur-
ing pandemics (Schopper et  al. 2009). Indeed, 
limited funding, limited training and expertise, 
and weak institutional support still plague many 
ethics review bodies in low- and middle-income 
countries (Bain et  al. 2018; Eckenwiler et  al. 
2015). Even in well-resourced settings, many 
ethics review bodies or supports are largely 
designed to operate in non- emergency contexts 
and may lack relevant expertise related to pan-
demic research and its review, and therefore may 
not be capable of adequately adapting to the 
contexts of pandemics (Chan et  al. 2019). 
Finally, significant collaboration and coordina-
tion deficiencies among ethics review bodies 
have been noted (both in general and in the con-
text of public health emergencies), including the 
duplication of reviews, discordance between 
reviews and policies of different committees, 
and limited communication between commit-
tees (Ayukekbong 2016; Bain et al. 2018; Calain 

2018; De Crop et al. 2016; Schopper et al. 2017). 
As a result, some have called for additional inde-
pendent, international oversight of research 
(particularly clinical trials) to avoid inter- agency 
governance challenges (Thompson 2016). 
However, ethics review bodies must be ade-
quately supported if they are to be expected 
address these deficits and successfully adapt to 
pandemic contexts, which was a shortcoming 
during the COVID-19 pandemic (Salamanca-
Buentello et al. 2024). 

It can also be said that there has been more 
attention to the ethics of emergency research 
(and to the ethics of research in low-income 
countries) in recent years, as the West Africa 
Ebola, Zika, and COVID-19 episodes have 
led to increasing reflection and writing more 
specifically related to this sort of research. 
The Nuffield Council on Bioethics (2020) 
published its report, “Research in global 
health emergencies: ethical issues” in January 
2020 after several years of gestation, consulta-
tion, and writing. As 2020 rapidly became the 
year of the pandemic, WHO published sev-
eral sets of ethical guidelines directly touching 
on research response (WHO 2020b, c, d, e, f, 
g). Whatever authority such guidelines may be 
lacking, they certainly provide food for reflec-
tion on the part of research ethics commit-
tees—if the latter can find time during the 
emergency to consult them—hence the need 
for both clinical investigators and review com-
mittees to get a thorough grounding in the 
ethics of emergency research before the emer-
gency arrives.

Box 4: An Ethical Compass to Aid in the Navigation of Issues in Pandemic Research
The Nuffield Council on Bioethics (2020) has 
proposed an ‘ethical compass’ (. Fig.  1) to 
inform policy approaches and help provide a 
common language and way of  thinking 
through ethical dilemmas related to the con-
duct of  research in emergencies, like pandem-
ics. The ethical compass is comprised of  three 
shared values:

 5 Equal respect: treating others as moral 
equals, including respecting their dignity, 
humanity and human rights.

 5 Helping reduce suffering: acting in accor-
dance with fundamental duties, founded 
on solidarity, and humanity, to help those 
in need or suffering from disease.

 5 Fairness: including both duties of  non- 
discrimination in the treatment of  others, 
and of  the equitable distribution of  bene-
fits and burdens.

The Council argues that, in many cases, these 
three values will suggest a clear course of  ac-
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       . Fig. 1 The Nuffield ethical compass to aid in the navigation of  issues in pandemic research, by 
Jade Rawling. (Nuffield Council on Bioethics 2020)

tion. In cases where this is not possible, these 
values act as an aid to thinking through 
whether ethical principles routinely applied to 
certain kinds of  research might legitimately be 
adapted.

Perhaps the greatest challenge in navigat-
ing the application of  these values occurs 
when the commitment to reduce suffering 
comes into conflict with the values of  fairness. 
In other words, in a dire infectious disease 
outbreak like COVID- 19, efforts to promote 
or achieve fairness in research may not always 

result in the greatest reduction in morbidity 
and mortality, and hence, reduction in suffer-
ing, which may cause some to ask whether 
commitments to fairness should be attenuated 
in service of  minimizing the greatest amount 
of  suffering as rapidly as possible.

Discussion questions: In what situations, if  
ever, should efforts to ensure fairness give way 
to the urgency to evaluate countermeasures in 
order to reduce suffering? Is there a way to 
reconcile commitments to reducing suffering 
and fairness?
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7  Conclusion

Numerous ethical challenges can be expected 
to arise in research conducted during pan-
demics due to the urgent need to control mor-
bidity and mortality and the challenging 
environments in which that research may have 
to take place. But fundamental ethical ques-
tions about the research enterprise itself  and 
how it ought to operate in pandemics in many 
ways precede and ought to inform the ways in 
which we respond to those ethical challenges. 
The research enterprise is not a neutral 
endeavor. The justifications for what research 
is prioritized, how it is conducted, where it is 
conducted, and with whom it is conducted in 
light of a pandemic reflect judgments 
informed by values. This chapter has sought 
to examine prominent foundational ethical 
questions and considerations undergirding 
the research enterprise in pandemic contexts, 
including whether pandemics necessitate devi-
ations from ethical and scientific standards for 
research, how research priorities are and 
ought to be set during pandemics, the ethics 
of conducting research alongside pandemic 
response efforts, and how pandemic research 
ought to be governed and coordinated. 
Preparing for the next pandemic will require a 
blueprint to accelerate the organization, coor-
dination, and conduct of critical research and 
development. This requires innovative think-
ing about the tools, technologies, and mecha-
nisms to support pandemic research. But such 
a blueprint will be distorted if  it is not also 
explicitly grounded in ethical commitments, 
standards, and judgments capable of 
 informing research priorities, collaboration 
and partnership, and equitable data and 
 benefit sharing, and which exemplify an equal 
moral respect for all affected.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The ethical case for individually random-
ized, placebo-controlled clinical trials as 
the best trial designs in a high-mortality 
infectious disease emergency

 5 The ethical and practical dimensions of 
manufacturers providing vaccine, once it is 
authorized for use, to clinical trial partici-
pants who had received placebo during a 
Phase III trial

 5 Ethical advantages of individually random-
ized trials as compared to alternatives. The 
relevance of protections that benefit trial 
participants, including those receiving 
 placebo

1  Introduction

What trial design is most ethical for assessing 
the efficacy of candidate vaccines against 
emerging infections? During the 2014–2016 
Ebola outbreak, some suggested that, at least 
during highly lethal outbreaks against which 
there are no accepted vaccines or treatments, 
even when an individually randomized 
 controlled trial would be most efficient, it is 
heartless to deny people the chance of receiv-
ing life- saving medical countermeasures 
(Cohen 2014; Cohen and Kupferschmidt 
2014; Macklin 2014). The individuals ran-
domized to not receive the candidate vaccine 
are effectively abandoned to a lethal disease. 
Indeed, some proffered alternative trial 
designs, which give all participants the candi-
date vaccine (as does a stepped-wedge design, 
which randomizes some groups of individuals 
to receive the experimental vaccine later, 
rather than denying it to them altogether); 
and still other trial designs contrasted with 
individual randomization (Caplan et al. 2015).

Strikingly, these claims were to our knowl-
edge absent from the ethical debate about vac-
cine testing during COVID-19. But this may 
have reflected special characteristics of 
COVID-19, and it remains important for 

future outbreaks to see why these claims are 
misguided. As we shall explain, any individu-
ally randomized controlled trial tends to ben-
efit all study participants or at least treat them 
fairly, especially in an outbreak of a lethal 
pathogen against which no approved vaccines 
or treatments exist. It can remain ethical in 
other respects as well.

2  Supporting Considerations

Forms of individually randomized trial will 
usually reach any level of statistical assurance 
of efficacy being sought faster, or with fewer 
participants, than any alternative to individ-
ual randomization. These alternatives include 
no study, an uncontrolled trial, a study design 
using historical controls, and a trial with 
cluster- randomized control (Dean et al. 2019; 
Kahn et al. 2018). It is true that, given feasibil-
ity constraints, some subtypes of the individu-
ally randomized trial are slower to reveal 
efficacy than some alternatives to such a trial 
(Lipsitch et  al. 2015). Importantly, however, 
the fastest individually randomized trials—
the only ones recommended for emergency 
circumstances—will reach any level of statisti-
cal confidence faster than alternatives 
(Lipsitch et al. 2015). We set aside the ques-
tion whether other trial designs might better 
identify public health impact, partly because 
the latter is strongly sensitive to setting and 
hence less generalizable (Hitchings et al. 2018; 
Kahn et al. 2018) (. Fig. 1).

The expediency of  the best individually 
randomized designs enhances their ethics. 
Especially when a vaccine candidate could 
reduce incidence of  a highly lethal disease 
that puts many at risk and when no other 
protection exists, an expedient design is ethi-
cally urgent. Should the vaccine prove effica-
cious, a slower design will have delayed its 
approval and rollout to the broader popula-
tion, including at-risk people. Study partici-
pants benefit from many protections that 
people at similar risk of  infection do not 
receive, e.g., close monitoring, typically bet-
ter clinician–patient ratios, and especially a 
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5

       . Fig. 1 A participant in a NIAID-supported vaccine study in West Africa receives an injection. Candidate vac-
cine or placebo? (Credit: PREVAIL)

chance to have been randomized to the pre-
ferred arm of the study (Bellan et  al. 2014; 
Cox et al. 2014; Eyal and Lipsitch 2017). This 
typically better  protection inside the trial 
rests not on trialists’ having unjustly made 
the situation worse for anyone declining par-
ticipation—trialists do nothing of  the sort; it 
reflects the reality (emphasized by opponents 
of  individual randomization) that no 
approved vaccines or treatments exist. The 
vaccine being tested remains experimental. It 
should not be widely available outside the 
trial; select “compassionate use” by non-par-
ticipating communities can defeat the pur-
pose; and often no doses exist for this use 
outside the trial (London 2018). While one 
can always further optimize the protection of 
participants at the expense of  rapid protec-
tion of  the broader population, that would 
arguably be unfair toward the latter. 
Numerous people at similar severe risk and 
with fewer protections depend on rapid 
results from the study.

It is true that a vaccine may be toxic or 
otherwise harmful to some or all trial partici-
pants, and that this harm may sometimes be 
discovered only in the process of efficacy test-
ing (Lipsitch and Eyal 2017). But surely that 
cannot support complaints about individually 
randomized trials’ failure to offer the untested 
vaccine to everyone.

Expediency can even be made to benefit 
study participants, including study controls, if  
all participants are promised access to the 
candidate vaccine as soon as data are ana-
lyzed (or, in some situations, collected) and 
the vaccine is shown to be effective. That 
means that when the candidate vaccine would 
improve recipients’ prospects, all participants 
of fast individually randomized trials could 
access that benefit before some recipients of 
slower, non-individually randomized trials 
(Eyal and Lipsitch 2017; Lipsitch and Eyal 
2017). But this arrangement complicates com-
paring the difference between study arms in 
longer-term outcomes.

Indeed, individual randomization can 
offer all participants a chance to get (the 
experimental) intervention even before data 
collection ends. The choice of  individual ran-
domization is compatible with delayed or 
active control, parallel or stepped rollout, 
various primary endpoints, and various 
choices of  trial populations (Kahn et  al. 
2018), as well as either natural or deliberate 
(Eyal et al. 2020) viral exposure. Any ethical 
appeal based on giving everyone something 
during the trial is perfectly compatible with 
individually randomized design and its statis-
tical advantages. These approaches can 
achieve the advantages of  individual ran-
domization while in some cases still provid-
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ing the experimental intervention to all 
participants.

Thus, if  the earliest possible vaccination of 
all trial participants were ethically necessary, 
a stepped-wedge design would remain unnec-
essary: in many if  not all circumstances there 
would be scientifically preferable ways to vac-
cinate everyone earlier.

3  Conclusion

The strong default for testing candidate vac-
cine efficacy in most circumstances of an 
emerging infection should be an individually 
randomized design (Eyal and Lipsitch 2017; 
Lipsitch and Eyal 2017; London 2018; 
NASEM 2017). The case for individually ran-
domized testing is strongest when the out-
break is of a highly lethal infection for which 
no drugs and vaccinations exist. Statistically 
weaker designs tend to be unnecessary and 
less ethical.

? Discussion Questions
 1. What are the arguments that individu-

ally randomized clinical trials are 
unethical in a high-mortality infec-
tious disease emergency? What are 
their limitations?

 2. What are some protections that benefit 
trial participants—even those who 
receive placebo—in individually ran-
domized trials, benefits that people from 
the same population who are not 
enrolled in a trial might not receive?

 3. Individually randomized trials will usu-
ally reach any given level of  statistical 
evidence faster, or with fewer partici-
pants, than alternatives. What is the 
ethical import of  this comparative 
advantage in reaching conclusions?

 4. At the end of  2020, after receiving 
emergency use authorization for their 
vaccines, manufacturers provided 
 vaccine to COVID-19 clinical trial par-
ticipants who had received placebo 
during the trials. Was this justified? 
How? Did it have any disadvantages? 
What were they?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Advantages and disadvantages of a single 
research ethics board (REC) for clinical 
trial review and approval. What safeguards 
are needed in this case? What are the obsta-
cles to a single ethical review board for a 
trial with international partners?

 5 Ethics of a small trial early in an outbreak 
on a medical countermeasure (MCM) that 
might work, based on biological mecha-
nisms or on observed effects in patients, to 
get preliminary indications of safety and 
efficacy.

 5 Why the recommendation of a reputable 
clinician during a high-mortality outbreak 
is not sufficient for a regulatory authority 
to provide emergency use authorization.

 5 Minimum requirements for a REC decision 
on a request for regulatory concurrence on 
proof of principle to allow clinical research 
proposals that seek to provide actionable 
data to proceed.

1  Introduction

Consideration and debate among stakehold-
ers, including funding agencies, government 
bodies, medical education and health care 
delivery systems, and the public continue in 
many venues on how to better prevent or pre-
pare for the next global pandemic or other 
public health emergency (Nuffield Council on 
Bioethics 2020; WHO 2022). There are many 
ethical dimensions to the debate. The concept 
that a research program conceived in the ini-
tial phases of an outbreak can be implemented 
during the outbreak as a vital response ele-
ment brings new considerations with it. The 
success of medical countermeasure (MCM) 
development during the coronavirus disease 
2019 (COVID-19) pandemic has demon-
strated that such research is an ethical neces-
sity, not merely a potential additional response 
measure. To be of greatest benefit, such 
research must begin soon after a new patho-
gen appears to have the potential to spread 
widely. Yet, however urgent, emergency 

response research must go for review to a 
research ethics board (REC) or institutional 
review board (IRB)1 to ensure compliance 
with ethical standards, including those gov-
erning interactions with individuals recruited 
as clinical trial participants (Packenham et al. 
2021). Increasingly, these standards encom-
pass not only individuals but their communi-
ties as well; emphasis on the plural since all of 
us belong to more than one community 
(MacQueen et al. 2001).

2  Historical Notes

The Nuremberg Code promulgated at the War 
Crimes Tribunal trial of 23 Nazi physicians 
and medical administrators in 1946–1949 has 
a fair claim as the watershed event in medical 
research ethics (Nuremberg Military Tribunals 
1949). Perhaps the two most important points 
from the Nuremberg Code are the need for 
voluntary informed consent on the part of 
trial participants and a scientifically valid 
research design. However, widespread accep-
tance of the moral outrage and insight 
expressed by the justices in Nuremberg was a 
slow process in the United States and else-
where. Indeed, much of the change in atti-
tudes and establishment of guidelines came in 
response to abuses that demonstrated doctors 
could not be the sole judges of their own 
research (London 2022).

A few of the milestones on the way to 
wider acceptance of what are now globally 
accepted principles:
 1. 1964: Declaration of Helsinki, World 

Medical Association (WMA 1964)
 2. 1966: “Ethics and Clinical Research” arti-

cle in the New England Journal of Medicine 
by H.K. Beecher (1966)

1 Editors’ note: Research ethics committee (REC) is 
the preferred term in this book because it is more 
descriptive than the rather opaque term usually 
used in the United States, institutional review board 
(IRB), as well as more familiar globally. Other 
equivalent terms include medical research ethics 
committee (MREC), comité de protection des per-
sonnes (CPP), research ethics board (REB), and 
human research ethics committee (HREC).
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 3. 1972: Associated Press story on Tuskegee 
study of untreated syphilis in Black men 
(Heller 1972)

 4. 1977: The Belmont Report, National 
Commission for the Protection of Human 
Subjects of Biomedical and Behavioral 
Research (1979)

Pharmaceutical companies had research facil-
ities for testing chemotherapeutics near pris-
ons in the 1950s and 1960s (Ledford 2007). 
Even the U.S. National Institutes of Health 
(NIH) Clinical Center, when it opened in 
1953, only required review of research involv-
ing healthy volunteers. The Belmont report 
established three principles that, in essence, 
continue to govern human-subjects research:
 1. Respect for persons (dignity and auton-

omy requiring informed consent)
 2. Beneficence (risks minimized and benefits 

maximized)
 3. Justice (subject selection is equitable)

Routine ethical review of all research propos-
als began in earnest in the mid-1970s as well. 
In the United States today, all research spon-
sored or implemented by the Department of 
Health and Human Services (HHS) must be 
conducted under Federal Regulations 
embodying the Belmont report called, 45 
CFR 46 or the Common Rule. This requires 
prospective review of any proposed research 
by an IRB. Most countries have analogous 
standards and regulations, though as noted 
earlier their capacity to conduct research and 
carry out ethical review varies greatly.

More recently, NIH and National Institute 
of Allergy and Infectious Diseases (NIAID) 
investigators have conducted expeditious sci-
entific and ethical review of research studies 
to address public health emergencies includ-
ing severe acute respiratory syndrome corona-
virus (SARS-CoV-1), anthrax, various strains 
of influenza, Ebola, Zika, and Middle East 
respiratory syndrome coronavirus (MERS- 
CoV). Then, SARS-CoV-2 affected the entire 
planet starting in early 2020. In the wake of 
the 2009 H1N1 influenza pandemic, the 
Centers for Disease Control and Prevention 
(CDC) approached the NIH Office of Science 

Policy with concerns that ethical review of 
research protocols responding to emergent 
events could be too slow, delaying urgent 
research programs. The NIH Office of Science 
Policy (OSP) agreed to work with CDC and 
brought together a group including officials 
from the CDC, U.S. Food and Drug 
Administration (FDA), NIH (including the 
author), the Health and Human Services 
(HHS) Assistant Secretary for Preparedness 
and Response (ASPR), and the NIH Office of 
General Counsel to work out legal and ethical 
questions and logistics and explore the feasi-
bility of establishing a REC/IRB with nation-
wide jurisdiction to review protocols in 
anticipation of, during, and after a public 
health emergency (Packenham et  al. 2021). 
This process bore fruit with the publication of 
a new rule in 2016 mandating review by a sin-
gle review board for research in the United 
States (Gordon et al. 2017).

3  Research Intervention 
in a Public Health Emergency

It is often thought that clinical investigators 
could have an inherent or perceived conflict of 
interest, as their medical training is oriented 
to promoting the welfare of individual 
patients, while their research program is aimed 
at developing medical countermeasures 
(MCMs) for society as a whole. For a century, 
“the axiom that the conscience of the investi-
gator is an adequate judge of the ethics of an 
experiment” had been the basis of research 
ethics, but many of the abuses that led to the 
establishment of independent ethical review 
were committed by physicians making their 
own ethical decisions (Jonsen 1998). Seeking 
generalizable knowledge for the ultimate ben-
efit of people other than participants in the 
research study requires another layer of peer 
review by a group of diverse, knowledgeable, 
and disinterested individuals to protect 
human subjects and ensure research standards 
are met. The ethical review process has 
become globally obligatory for virtually any 
research on humans that goes beyond pure 
observation.
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A research ethics committee must review 
the risks and benefits to human participants 
in a proposed trial, considering their social 
circumstances and the applicable regulatory 
requirements. In an emergency, the ethics 
committee must act expeditiously, both 
because of the need to counter the outbreak if  
it continues, and because clinical trials are 
most productive when the risk of infection is 
high in the included population. If  public 
health measures succeed in ending the out-
break, the opportunity to recruit enough 
 participants to evaluate MCMs for future use 
may be lost (Higgs et  al. 2017). The entire 
research operation needs to be adequately 
supported, funded, and implemented without 
burdensome delays. During an outbreak, the 
primary research goal is to mitigate morbidity 
and mortality and help end the emergency—
not only to develop new medical countermea-
sures that might be available for future 
outbreaks. Vaccines against COVID-19 are 
now the paradigmatic example of what a 
rapid research response can accomplish dur-
ing an emergency; they have saved millions of 
lives globally even though the pandemic con-
tinues. To be clear, it is not the role of a REC 
to develop protocols, but to review them 
before or during a public health emergency. 
To the extent anticipatory planning for emer-
gency research response trials is not possible, 
there should at least be review of resources, 
available scientific knowledge, and potential 
methodologies that could form the basis of 
proposed studies. Finally, it is impossible to 
develop or complete all the scientific and ethi-
cal reviews to prepare for all exigencies in the 
absence of knowledge of the pathogen at 
issue.

Collecting epidemiological data to design 
public health and patient care interventions in 
the middle of an outbreak, and even more so 
conducting clinical trials on candidate medi-
cal countermeasures, present varied chal-
lenges, many of them the subject of other 
chapters in this book. Yet, the multiple scien-
tific and organizational hurdles of clinical tri-
als in an emergency may seem simple 
compared to the societal obstacles that we 
have seen with COVID-19. Social diversity, 
literacy levels, resistance to accepting both sci-

entific uncertainty and scientific conclusions, 
and the prevalence of disinformation add a 
layer of intrigue beyond the remit of clinical 
sciences (7 Chap. 18).

Preparations can be made for epidemio-
logical research to begin immediately after an 
event (i.e., within a few days or a couple of 
weeks), along with biological sample and data 
collection, and non-pharmaceutical interven-
tion studies that pose minimal risk. All of 
these can be based on previous experience 
with little initial knowledge about the patho-
gen at issue. Even for MCM trials, it is helpful 
to have generic, REC-approved protocol tem-
plates available in anticipation of some emer-
gencies and to fill in the details later as and 
when a specific need arises. These could 
include several different trial designs to be 
adapted as needed (7 Chap. 22). How to get 
research response started and then review an 
intervention depends in part on whether can-
didate interventions already exist or can be 
quickly identified, but also on geography, 
existing infrastructure, the experience and 
communication skills of the investigators, and 
the literacy levels and openness of the affected 
populations.

For an experimental study of vaccine or 
therapeutic candidates, the likely risks and/
benefits, with or without a placebo arm, must 
be diligently assessed. An appropriate action 
sequence might be immediate utilization of an 
off-the-shelf  protocol for data and sample 
collection, followed by consideration of 
appropriate intervention study protocols.

4  Seeking and Retaining 
Stakeholder Commitment

Generally speaking, a foreign-supported 
research study must be approved by RECs for 
both (or all) of the research organizations 
involved, including local ethics committees in 
developing countries that may have limited 
capacity to review a surge of research propos-
als during an infectious disease outbreak. 
That can lead to time-consuming delays which 
can be unacceptable in a public health emer-
gency (PHE), although there are legitimate 
ways to expedite the process without weaken-
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ing ethical review (7 Chap. 33). Another pos-
sible solution would be single REC reviews of 
multicenter trials with adequate input to 
account for the specific laws, cultural con-
cerns, languages, and literacy levels of the 
prospective research participants. The latest 
revision of the Declaration of Helsinki 
( completed in 2013 and currently being 
updated) requires that investigators must dis-
close funding, sponsors, and other potential 
conflicts of interest to both research ethics 
committees and study participants 
(Kimmelman et al. 2009; WMA 2013). Much 
study information is disclosed publicly, e.g., in 
clinical trial registries.

Research, notably research in developing 
countries, should benefit and be responsive to 
the health needs of the populations in which it 
is implemented (Emanuel et  al. 2004). 
Suspicions about the motives of developed 
country researchers conducting research in 
lower income areas have sometimes been well 
founded, and the principle that clinical 
research should benefit the community in 
which it takes place is now widely accepted, 
even if  the nature and extent of the benefit 
remains a topic of lively discussion (Pratt 
2021). Among the reactions to previous 
research perceived as exploitative or unfair, 
there has been skepticism about whether pla-
cebo controls could ethically be used in clini-
cal trials for MCMs in a high-mortality 
outbreak; insistence on more equal treatment 
for research partners in developing countries; 
and the need to publish results more fully, 
including complete data and negative findings 
(Adebamowo et al. 2014; ICMJE 2022).

During the 2014–2016 West Africa Ebola 
outbreak, collaborative efforts by all parties 
on ethical review (at NIH and in Liberia) for 
Ebola-related research including interven-
tions and vaccinations led to development 
and use of a graphical interface-based con-
sent process that augmented written and oral 
information sharing (Lavori et  al. 1999). 
Social mobilization activities capitalized on 
the social mobilization pillar being established 
by the Liberian Ebola response framework. It 
engaged community leaders, including tradi-
tional and religious leaders, Liberian Cultural 
Ambassador Queen Julie Endi, and larger 

representation of the community in “town 
hall” meetings with local, tribal, and youth 
leaders (Kagan et  al. 2021; NASEM 2017) 
(. Figs. 1–4 and 5).

It is generally accepted among investiga-
tors that a randomized, placebo-controlled 
trial is usually the most rapid route to identifi-
cation of a safe and effective vaccine or novel 
therapeutic. There are other effective trial 
designs; ring trials, for example, can provide 
rigorous results and be more acceptable to the 
community than providing only a placebo to a 
patient at death’s door (7 In Focus  22.1). 
Multi- arm trials testing various interventions 
against each other can also find more favor 
among research participants (7 Chap. 22). 
The importance of rigorous trial design was 
evident early in the COVID-19 pandemic, 
when numerous small, often non-randomized 
clinical trials led to widespread use of 
unproven or harmful medications like 
hydroxychloroquine and ivermectin in certain 
populations (Meyerowitz- Katz et  al. 2022; 
Yogendrakumar et  al. 2022). Well-planned, 
sufficiently powered, randomized controlled 
trials (RCTs) subsequently provided rigorous, 
expeditious assessment of safety and efficacy 
for both vaccines and therapies against SARS-
CoV-2. It is an intellectually frustrating per-
plexity that therapies that showed little or no 
evidence of efficacy once they were assessed in 
well- designed trials remain more popular 
among certain population groups than rigor-
ously tested vaccines and therapies (Schellack 
et al. 2022).

When reviewing protocols for trials of rep-
licating viral vector vaccine candidates (modi-
fied adenovirus or vesicular stomatitis virus, 
for instance), we have considered it imperative 
to address potential risks to bystanders, i.e., 
individuals with whom the study participant 
may come in contact, in case the replicating 
virus can be transmitted to others. Similar 
risks could also occur with human challenge 
trials, in which participants are deliberately 
exposed to a pathogen against which they 
have been experimentally protected. In both 
cases this could be a household contact, inti-
mate contact, or someone outside the 
protocol- defined group (infants, senior citi-
zens, and pregnant or immunocompromised 
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persons). Federal regulations mandate risk/
benefit assessments for study participants 
conducted by the reviewing ethics committee 
and specify that it must consider “possible 
long-range effects” (CFR 2022). Potential 
risks to contacts of participants are thus 
included in the applicable protocols consid-
ered by the REC, along with consent docu-
ments and questionnaires to validate that 
study participants understand the risks ade-
quately (Shah et  al. 2018). We believe these 
measures make study participants aware of 
the risks while cautioning them to avoid 
exposing household and intimate contacts to 
potential infection. It should be noted that 
malaria challenge studies involve no bystander 

risk per se in United States, as Anopheles mos-
quitoes are no longer found there; research 
participants are still barred from donating 
blood for a year because of the potential risk 
to blood recipients.

Developing reliance agreements for multi-
site studies is critical to avoid wasting time and 
resources through duplication and mission 
creep (Resnik et  al. 2018). However, other 
mechanisms are necessary to ensure buy-in 
from local communities. These fall under the 
rubric of good participatory practice (7 Chap. 
18) and must be included in the design, fund-
ing, and implementation of clinical research 
protocols. Funding agencies also need to decide 
who (experts with no conflict of interest) will 

       . Figs. 1–4 Use of  graphics to convey key clinical 
research concepts for informed consent. Pictures are a 
useful supplement to verbal explanation, especially 
when study participants may face linguistic, literacy, 
and cultural obstacles. At a bare minimum the partici-
pants must have a basic understanding of  the trial they 
are enrolling in, be aware that they have the right to 
refuse participation and may get a placebo rather than 
an active investigational medical countermeasure, and 

be warned that there could be side effects and toxicities 
associated with the MCM. Research personnel must be 
satisfied that participation is not the result of  coercion. 
(Figures courtesy Protocol Navigation/Protocol Devel-
opment Program supporting NIAID and Scientific Pub-
lications, Graphics and Media, Frederick National 
Laboratory for Cancer Research. U.S. government 
work, public domain)

If you think you may want to join this study, you have to be at least 18 years old. We will describe the study and answer any questions you
may have. You can also talk to your friends and family about the study. We will also give you written information about the study.

If you agree to be in the study, we will ask you to sign a consent form.

When you sign your name or put your mark on the consent form, it means is that you agree to be in the study. You can change your
mind at any time and leave the study. If you decide not to join the study or to leave the study later, you will not lose any regular
health care services you already are getting. About 156,000 people will be in this study.

You can say “Yes” or “No” to take part in the study

1 2

102 V. Koneti Rao



What is the salt water injection used for?
To �nd out if one of the vaccines works we need to compare it to getting something that does not have any e�ect on the body. This is
called a placebo. The placebo is an injection of salt water. Using this is common in research studies.

What will I get?
If you join the study, you will get an injection. The injection will be either Vaccine A, Vaccine B, or salt water.
What you get is decided by chance. Each person in the study will have a 2 out of 3 chance of getting Vaccine A or Vaccine B. If you do not get a
vaccine, you will get the salt water.
The vaccines and the salt water injections all look the same. You and the study sta� will not know what you are getting during the study. At the
end of the study, we will attempt to contact you to let you know what you got. If we �nd out that a vaccines is safe and e�ective, we will o�er it
to you if you did not already get it during the study.

In the pharmacy In the vaccination center

1 2

       . Figs. 1–4 (continued)
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What are the other possible side e�ects of the injection?

Feel tired Hives Little fever Swelling

Feel sick

People can have allergic reactions to vaccines, including hives, trouble breathing, or other allergic responses. This is very rare, but is also a
possible e�ect of these vaccines. Rarely, a vaccine can cause the immune system to attack parts of your own body. This type of side e�ect can
sometimes be serious. There may be other side e�ects that may be severe or life threatening.
One of the study vaccines is made from a virus called vesicular stomatitis virus (VSV). This virus normally a�ects animals and does not usually
cause serious disease in humans. It can cause mouth sores, swollen lymph nodes in the neck or under the arms, or pain and swelling of the
joints. If you get this vaccine, there is a risk that you can pass the VSV virus to other people or animals. It can be dangerous for people with poor
immune systems (like pepole with advanced HIV infection) or very young children.
In Liberia, 1500 people took part in this study and there were no serious e�ects associated with these vaccines.

       . Figs. 1–4 (continued)

       . Fig. 5 Town meeting in Liberia: part of  community engagement for controlled trials of  Ebola MCMs (faces 
blurred). (Credit: Laura McNay)

104 V. Koneti Rao



undertake scientific review. It is axiomatic, or 
at least it should be, that research without a 
solid scientific grounding is by definition 
unethical—people must not be submitted to 
risk, however minimal, if there is no prospect 
of rigorous scientific results (CIOMS 2016).

Along the same lines, an assessment of 
capacity at the location where the research is 
being implemented is essential. There are 
complex, demanding logistical requirements 
for a large study, including personnel, sup-
plies, facilities, patient care in the case of ther-
apeutic interventions, and a huge, complex 
documentation flow in a large multi-site study. 
Ethics committees are one small element of a 
large undertaking, but as with many other 
small parts, the big machine will not work 
without it. Research committees must under-
stand both study design and realistic imple-
mentation plans, whether for relatively 
straightforward observational studies, data or 
biological sample collection, or trials of inno-
vative MCMs. International collaborations 
spanning academia and industry across geo-
graphic boundaries pose their additional 
coordination challenges, not least the frequent 
requirement for review by multiple ethics com-
mittees. Other considerations include wise 
stewardship of limited research resources—a 
failure seen early in the COVID- 19 pandemic, 
for example (Bugin and Woodcock 2021; 
Resnik 2019). However, collaborations across 
international political and geographic bound-
aries should not entail duplication of unwar-
ranted analysis and review efforts and 
squander precious time and resources needed 
for timely evaluations and interventions in 
public health emergency situations. A central-
ized single REC/IRB model has been concep-
tualized, mandated, and implemented in the 
context of NIH funded multi-site clinical 
research in the United States.

Trial designs providing for rigorous assess-
ment of safety and efficacy should bolster 
confidence that the accumulated data will 
benefit humanity, whether in the course of an 
ongoing outbreak or pandemic or for future 
use if  intervention strategies and pharmaceu-
tical products can be used in wide-scale treat-
ment, prophylaxis, or vaccination programs 
for the current pathogen, a related one, or a 

different emerging pathogen (such as a long- 
dormant pathogen released by permafrost 
melting in Arctic tundra) (Canavan 2019). 
Partnership with affected country investiga-
tors and officials on a concept that has scien-
tific validity and a study design that ensures 
transparent and ethical partnership and 
avoids exploitation of vulnerable populations 
will be the most likely to yield salutary bene-
fits for all affected in any given society.

5  Future Directions

Leveraging twenty-first century communica-
tions and molecular biology technologies for 
designing, implementing, assessing, and moni-
toring risks and benefits of clinical research 
interventions more reliably will be the next step. 
This requires adequate ethical safeguards and 
precautions in place for human subject safety, 
privacy, and confidentiality with no perception 
of bias or conflict of interest. Ensuring inde-
pendent review and transparent scientific over-
sight, including independent data safety 
monitoring boards (7 Chap. 23) free of con-
flicts of interest will allow successful conduct 
of clinical trials for emerging global challenges. 
All the stakeholders, including investigators in 
the field, research participants, and the broader 
populations at risk, need a basic understanding 
with a working knowledge of biomedical 
research and the uncertainty inherent in the 
endeavor. Objective and unbiased ethical and 
scientific research review, applying the best 
available resources and knowledge, is needed to 
assess the likely benefits of a research study 
proposal, not only for the human participants 
in the study and their communities, but for the 
wider at-risk population. Some have wisely 
posited that fostering a climate in which investi-
gators perceive that they receive fair and unbi-
ased treatment from ethics boards ensures 
likelihood of collegial compliance and confi-
dentiality (Keith-Spiegel and Koocher 2005). 
Community acceptance of the review process 
that cleared the research to proceed is also an 
essential, though not sufficient, factor in ulti-
mate public acceptance of MCMs that are 
implemented based on the findings of a 
research program (Wright et al. 2020). Review 
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boards in each country involved should be 
highly qualified, with minimal conflicts of 
interest, and able to act on priority reviews 
quickly, while safeguarding the interests of par-
ticipants and their communities. This process 
needs to minimize confirmation bias on the 
part of both the investigator proposing the 
research and the reviewing body, which can 
take the form of pride (Latin superbia) or 
hubris (Greek ὕβρις)—the original and most 
serious of the seven deadly sins. Many lessons 
have been learned from the recent global pan-
demic (Yogendrakumar et  al. 2022). If we 
hope to meet the next outbreak of an infectious 
disease without engendering a crisis and man-
age it most effectively with transparency of 
purpose, we must not only absorb new techni-
cal knowledge; we must work to follow the 
most promising and transparent scientific 
leads, reducing the influence of selfish and 
parochial interests through broad inclusion of 
stakeholders and encouraging review boards to 
see themselves as guided by ethical and scien-
tific principles, not by the institution where they 
happen to sit (Sisk et al. 2022; Solbakk 2011).

? Discussion Questions
 1. Should there be a single international 

REC so research projects would have 
to undergo only one in-depth ethics 
review? How could that be accom-
plished with adequate safeguards for 
local socioeconomic and cultural fac-
tors? What factors would make it diffi-
cult to realize in practice?

 2. Is it ever ethical to conduct a small, non- 
randomized trial on an MCM early in an 
outbreak caused by a novel pathogen, or 
should the study at least be randomized 
against a putative standard of  care?

 3. In a high-mortality outbreak, why 
should regulatory authorities hesitate to 
provide emergency use authorization 
(EUA) for any MCM that a reputable 
scientist recommends?

 4. What are the minimum requirements 
for a REC decision on a request for 
regulatory concurrence on proof  of 
principle, allowing clinical research 
proposals that seek to provide action-
able data to proceed?
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There have been as many plagues as wars in 
history; yet always plagues and wars take people 
equally by surprise.
Albert Camus, The Plague (1948)

Learning Objectives
This chapter will help readers understand and 
describe:

 5 The importance of urgent international 
medical research being ethically planned 
and conducted, particularly in low- and 
middle-income countries (LMICs)

 5 Familiarity with international research eth-
ics codes, such as the Declaration of Hel-
sinki, the UNESCO Universal Declaration 
on Bioethics and Human Rights, and the 
Council for International Organizations of 
Medical Sciences guidelines, as well as their 
shortcomings

 5 The basis for and extent of high-income 
countries’ obligations to share research results 
with LMICs; the obligations of research pro-
grams to share results with stakeholders; and 
the role of an individual research program in 
ameliorating social and political injustices in 
countries where they are implemented

 5 Some ethical issues of conducting a 
research program sponsored by a high-
income country in a low-income country in 
areas such as:
 – Partnerships with local scientists 

and institutions
 – Participation of civil society
 – Hiring local staff
 – Compensating research participants 

for their time and expenses
 – Health care for study participants 

who suffer from conditions other 
than the one being studied

 – Risks of exploitation
 – Post-trial access to products that 

have shown to be safe and effective 
in a given study

1  Introduction

Emergency research plans and their implemen-
tation must be ethically sound. Much of the 
professional and academic discussion of clini-
cal research has focused on ensuring ethical 

interactions between a research program and 
research participants, in effect an extension of 
the discussion of how the research relationship 
differs from the default doctor–patient rela-
tionship, where the only goal is the well-being 
of the patient. But a full consideration of 
research ethics, especially for research in devel-
oping countries, requires taking into account 
the broader societal and global context of the 
research program, considering how the context 
falls short of established ethical and human 
rights principles, and determining how the 
research program must act in the face of deep-
seated disparities. This complex task is all the 
more difficult in an emergency but must never 
be forgotten even amid the urgency of trying to 
control an infectious disease outbreak.

The United Nations (UN) Sustainable 
Development Goals (. Fig.  1) are a striking 
illustration of a still unequal world, where about 
10% of the world’s people still live on less than 2 
dollars a day, and many more lack the basic ele-
ments of a dignified and secure livelihood (UN 
2021). For all the remarkable achievements of 
the past two or three centuries, poverty, hunger, 
disease, and conflict remain the greatest burdens 
faced by humanity. In the past 2 years we have 
seen the rapid development and production of 
safe, effective vaccines against the severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2) tarnished by the skewed distribution of 
vaccines to the wealthiest countries first, the less 
well- off later, and the least developed at the end 
of the line (Our World in Data 2022).

Every outbreak, epidemic, and pandemic 
occur in this global context, and every individual 
is embedded in multiple communities—geograph-
ical, ethnic, gender, religious, economic, linguistic, 
to name a few—and of course a nation-state. This 
chapter focuses on the social context of human-
subject research through a wide-angle lens that 
takes in justice, fairness, and human-rights princi-
ples. Such principles are all the more applicable in 
an emergency when ordinary liberties may be cur-
tailed, and research and medical resources are in 
high demand. We start from the research pro-
gram’s interactions with the local community (7 
Chap. 18), move outward to larger polities, and 
end with some reflections on the responsibilities of 
the “global community,” to the extent that there is 
such a thing.
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       . Fig. 1 The United Nations Sustainable Development Goals are a reminder of  the many problems besetting 
humanity, as well as hopes for overcoming them. (Courtesy United Nations)

It is a commonplace now that COVID-19 
has highlighted pre-pandemic inequities and 
injustices, both within societies and between 
nations and regions worldwide. Inequity and 
injustice have hardly been hidden from those 
paying attention, but perhaps the COVID-19 
pandemic will help drive home the lesson that 
health care access for all is not only a moral 
imperative but also an effective measure of 
self-protection for everyone. It is obvious that 
economic losses alone during the pandemic 
dwarf the funding that would be required for 
the most ambitious plans for health-related 
assistance (CRS 2021; OECD 2022). Will 
enough leaders be able to see that our best 
chance of mitigating the human and eco-
nomic damage of outbreaks and pandemics is 
to finance and implement adequate public 
health and health care systems everywhere, 
along with the strengthened scientific capacity 
to prevent or respond to emergent disease? 
Ultimately, scientific capacity must include 
the ability to develop and validate a broad 
range of medical countermeasures (MCMs), 
and health care systems must have the ability 
to deliver them to the populace.

Norman Daniels (2006) points out that 
disease outcomes are heavily determined by 

public and population health, which are highly 
dependent on social and economic status. But 
population-level issues have received much less 
attention from bioethicists than interpersonal 
relations between doctors or researchers and 
patients or research participants. COVID-19 
may have brought discussion of inequities to 
the fore, but if  the social determinants of 
health are not ameliorated, future epidemics 
or pandemics will continue to afflict the poor 
and vulnerable the most, be they the disadvan-
taged within societies or the populations of 
lower-income countries (Horton 2020; Singer 
et al. 2017). It is evident that we are entering 
an era of more frequent epidemics and pan-
demics. As the climate changes and population 
grows, emerging and re-emerging pathogens 
will have more opportunities to gain a foot-
hold among the vulnerable and spread to the 
wider world (David et al. 2021; Folke et al. 
2021). COVID-19 has most affected vulnera-
ble groups within societies and is having a dis-
proportionate impact on poorest countries 
(Bottan et al. 2020; Coalition 2021).

There is no question that novel pathogens 
causing severe disease outbreaks warrant 
immediate human research. We have seen 
again and again, most recently in the current 
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COVID-19 pandemic, the need for compre-
hensive efforts to keep research blueprints and 
road maps updated in preparation for emer-
gencies, and how preparations always seem 
inadequate when the emergency comes. Every 
major infectious disease outbreak drives home 
the need for a robust, global discussion on 
how to ensure preparedness and rapidly 
deploy needed support during emergencies. 
There is no longer a debate about whether 
research should be part of preparedness; the 
question now is how to integrate it into pre-
paredness and to do so ethically. The ethical 
dimension here also includes access to the 
fruits of successful research.

A great many preparedness issues have 
ethical and moral dimensions:

 5 Who has responsibility for intervening? 
How and when?

 5 Heightened risk to the most vulnerable 
communities and countries (due to pov-

erty, health disparities, displacements, 
armed conflict, etc.).

 5 Insufficient local and international fund-
ing.

 5 Shortfalls of skilled local personnel and 
infrastructure in low- and middle- income 
countries (LMICs).

 5 Moral and practical necessity to under-
stand and accommodate local health 
beliefs and cultural practices.

 5 Need for partnership with local stakehold-
ers (individuals, communities, govern-
ments).

 5 Political, cultural, and religious obstacles 
that can impede dissemination of accurate 
information.

 5 The social and political motives for spread-
ing misinformation and how to contest 
falsehoods.

Box 1: Ethics and Politics of Declaring a Public Health Emergency
Various interests may needlessly delay or 
accelerate declaration of  a public health emer-
gency. The declaration of  an epidemic can be 
politically and economically sensitive, affect-
ing international trade, travel and tourism, 
and in the case of  COVID-19 all of  these 
plus dramatic slowdowns in most of  the 
world’s major economies (Brodeur et al. 
2021; Rull et al. 2015). The potential eco-
nomic repercussions of  declaring an emer-
gency, loss of  trust in the health institutions 
that failed to contain the outbreak, and the 
possibility of  social unrest can delay a timely 
response. Measures to slow an outbreak and 
the research needed to help curb it and pre-
vent future epidemics may get off  to a slow 
start.

Regional and international dynamics play 
an important role; a glaring example—as most 
observers agreed—was the undue delay, until 
August 2014, before the World Health 
Organization (WHO) declared a Public Health 
Emergency of  International Concern (PHEIC) 
in response to the 2014–2016 Ebola epidemic 
in West Africa. By March 2014, two coun-
tries—Guinea and Liberia—were reporting 

confirmed Ebola cases, and by May cases had 
been confirmed in Sierra Leone. One can argue 
that the internal politics and slow decision 
making at WHO played a significant role in the 
late declaration, but the International Health 
Regulations (IHR) provide override mecha-
nisms, giving Director General Margaret Chan 
full powers to declare a PHEIC (Rull et al. 
2015).

It is interesting to analyze the timing in 
light of  events outside Africa: it was not until 
cases arrived in the United States and Europe 
that WHO declared Ebola a PHEIC, on 8 
August 2014, some 8  months after the first 
cases were noted—though not at first identi-
fied as Ebola—in Guinea, and with confirmed, 
intense transmission ongoing in all three coun-
tries for months. Shortly thereafter, the UN 
Security Council declared the Ebola outbreak 
in West Africa a threat to international peace 
and security in the first Council meeting in its 
history to address a public health crisis (Rull et 
al. 2015). Many observers have concluded that 
the delay in international recognition of  the 
epidemic allowed it to grow to the extent it did 
(Hoffman and Silverberg 2018).
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Does the researcher have a role in amelio-
rating social and political conditions? How 
can a research program be ethical in an 
unjust or oppressive context? The 2014–2016 
West Africa Ebola outbreak served as both 
a case study for and a harbinger of  the 
enormous catastrophe of  COVID-19. Ebola 
was a warning to prepare for similar emer-
gencies, an alarm widely heard but little 
heeded after the Ebola outbreak ended. 
Both the Ebola outbreak and COVID-19 
pandemic illuminate deep inequities within 
and among societies: the poor health condi-
tions and medical care choices facing many 
populations, the social and economic con-
ditions underlying their deprivation, and 
the need to redouble progress toward uni-
versal health care and re-examine global 
economic structures.

Adherence to accepted bioethical guide-
lines and codes of  conduct is a sine qua non 
for research involving humans, during 
health emergencies as at all other times, and 
regardless of  the country, ethnicity, race, 
gender, sexual orientation, education, and 
economic status of  research participants. It 
is not only bioethical guidelines in question 
here, but broader norms of  justice and 
human rights which researchers must con-
sider. As the legal and political philosopher 
Norberto Bobbio told a conference on the 
foundations of  human rights in 1964, “the 
fundamental problem concerning human 
rights today is not so much how to justify 
them, but how to protect them. This prob-
lem is political, not philosophical” (Bobbio 
1996). Moreover, as Pratt and Loff  (2014) 
observe, it is equally important that the 
responsibility for implementing broader 
norms of  health justice be properly assigned 
to bodies that have the power to make 
needed changes and not stated as principle 
without a realistic means of  implementa-
tion. An individual research program does 
not have the power to reform a national 
health system.

2  Research Participants 
and Communities

2.1  Research Participant Rights 
and Benefits

One major ethical concern about interna-
tional clinical research is that researchers from 
developed countries may conduct research for 
the benefit of their own population back 
home, rather than for the benefit of the par-
ticipants’ communities. The very first criterion 
for justified research noted in the Declaration 
of Helsinki and the parallel ethical guidelines 
from the Council for International 
Organizations of Medical Sciences (CIOMS) 
is that “the research be responsive to the 
health needs and priorities of the host popula-
tion or community” (CIOMS 2016; WMA 
2013). Both these documents, and bioethicists 
more generally, also endorse the principle that 
“any interventions or products developed be 
made ‘reasonably available’ to the host com-
munity or population” (CIOMS 2016). Such 
precepts presuppose universally acceptable 
and adequate ethical principles, backed up by 
practical, culturally appropriate methodology 
for their implementation in research. In a 
practical sense, fulfilling such requirements 
seems to require a reasonably adequate health 
care system that can make medical interven-
tions or medicinal products available to trial 
participants and their communities without 
the continued involvement of the research 
program. Licensure of a product, after all, 
may well come several years after the initial 
clinical research.

Guidelines, many of them developed over 
decades of practice and deliberation, are 
essential for ethical research and reproducible 
results. On the other hand, the sheer abun-
dance of available guidance documents can 
become confusing, bringing the risk of guide-
line cherry-picking for the convenience of 
researchers. Perhaps more widespread is the 
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formal adherence to ethical requirements 
without reflection on the principles the guide-
lines are meant to embody. Hence, the need 
for principal investigators, as well as other 
research personnel, to understand and incor-
porate not so much a checklist based on 
guidelines as the moral and ethical principles 
governing the conduct of their research. As 
we will see below, this can present special dif-
ficulties when researchers from wealthy 
nations come to work among the most impov-
erished citizens of lower-income countries. 
The current situation, where numerous guid-
ance documents reflect varying perspectives, 
suggests the need for a comprehensive inter-
national convention on bioethics and 
patient/research participant rights approved 
by most countries. One possible model for a 
binding instrument is the Additional Protocol 
to the Convention on Human Rights and 
Biomedicine, concerning Biomedical 
Research, of the Council of Europe, which 
entered into force in 2009 (Council of Europe 
2005). The global focus shifted in the wake of 
the COVID-19 pandemic to the negotiation 
of an international agreement on pandemic 
preparedness and response. WHO Director 
General Tedros Adhanom Ghebreyesus 
strongly emphasized equity in his remarks 
opening the negotiations. “Instead of solidar-
ity,” he said, “the [COVID-19] pandemic has 
been marred by inequity” (WHO 2022d).

In pandemics, global clinical trials must 
ensure sufficiently diverse enrollment for gen-
eralizability of results to a broad range of 
populations. Yet, health care systems differ 
significantly across the globe. In all research, 
including emergency response research, com-
pliance with ethical standards and human 
subject protections is mandatory. Whatever 
the social context, human participants in clin-
ical trials must be treated justly, and estab-
lished ethical principles reinforce the norm 
that trial participants should receive benefits 
commensurate with the risks they undergo.

In developed countries, as Emanuel et al. 
(2004) point out, it is reasonable to presume 
that the benefits to society resulting from 
improved medical interventions developed in 
a clinical study will accrue to the members of 
the society, including clinical trial  participants. 

In low-income developing countries, by con-
trast, one cannot assume that either trial par-
ticipants or their communities have or will 
have access to health care that will provide 
them with the benefits of ongoing improve-
ments in medical practice. Thus, the right of 
trial participants and their communities to 
access any successful products developed in a 
clinical trial has received widespread support, 
as explained in the 2021 UNAIDS/WHO 
Guidance on Ethical Considerations in 
Biomedical HIV Prevention Trials (Greco 
2007; UNAIDS/WHO 2021).

The principle of justice as equality, mean-
ing treating like cases alike, must be applied 
here, requiring that trial participants in high-, 
low-, and middle-income countries be treated 
equally with respect to post-trial access to 
study products. Ideally, this would apply to all 
and not just to trial participants, but full 
equality to this extent is far from realization. 
What researchers themselves may be able to 
achieve is limited, especially in an emergency. 
However, trial sponsors should ensure that 
baseline standards of care are similar across 
global trial sites. For example, the U.S. 
National Institutes of Health (NIH)-
sponsored Accelerating COVID-19 
Therapeutic Interventions and Vaccines trial 
of therapeutics in hospitalized patients 
(ACTIV- 3) included intravenous (IV) remde-
sivir as part of the standard of care, based on 
data from the Adaptive COVID-19 Treatment 
Trial study demonstrating shorter hospital 
stays with remdesivir. ACTIV-3 was a global 
trial, so all study participants globally were 
provided with remdesivir in both investiga-
tional product and placebo arms (Lundgren 
et al. 2021). There has been much debate 
about how to balance the benefits of clinical 
research to broad populations when the 
inequality suffered by some communities of 
research participants cannot be quickly or 
easily overcome (Lie et al. 2004; Schuklenk 
2004).

Fairness here is considered as the obliga-
tion of being just, ethical, and free from bias 
related to economic status, ethnicity, sexual 
orientation, gender, origin, and so on. This 
applies to all aspects of research planning, 
development, and implementation in urgent 
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situations, just as it must be applied to research 
ethics in “normal” conditions. But to ensure 
fundamental fairness, measures to mitigate 
poverty, and especially inequality are urgent 
and imperative; this theme will be further 
elaborated.

2.2  Building Mutual Respect 
with Communities

2.2.1  Respect Community Beliefs 
and Cultural Practices; Include 
all Relevant Stakeholders

The UNAIDS Good Participatory Practice 
Guidelines for Biomedical HIV Prevention 
Trials (GPP), along with the companion 
Ethical Considerations in Biomedical HIV 
Prevention Trials, are seminal documents for 
establishing ethical relationships between 
investigators and research participants and 
for avoiding or counteracting insensitivity 
toward and exploitation of research partici-
pants (UNAIDS/AVAC 2011; UNAIDS/
WHO 2021). Though these guidance docu-
ments were originally developed for HIV pre-
vention trials, they have been widely used, 
serving as the starting point for, among oth-
ers, good participatory practice guidelines for 
trials of emerging (and re- emerging) patho-
gens (GPP-EP) (WHO 2016a). This empha-
sizes emergency response research: “the 
foundational GPP-EP principles underpin-
ning partnerships among trial stakeholders in 
situations of crisis are respect, fairness, integ-
rity, transparency, accountability, and auton-
omy, while the benchmarks include mutual 
understanding, complementarity, and effi-
ciency”; these have recently been adapted for 
COVID-19 trials (Greco 2008; WHO 2020b).

2.2.2  Avoid Exploitation 
and the Perception 
of Exploitation

Justice and beneficence require respecting the 
autonomy and equality of study participants 
and their communities. Beauchamp and 
Childress (2019) list autonomy as the first of 
their four foundational principles for medical 
ethics. Community involvement must also be 

part of EID outbreak response (7 Chap. 18) 
for practical as well as ethical reasons. This 
includes participation of all stakeholders 
from the beginning of the project, with the 
assurance of transparency and clarity in all 
proposed interventions. Here it is worth men-
tioning the international intervention in the 
2014–2016 Ebola outbreak. West African 
populations and communities were not famil-
iar with the Ebola virus, which had previously 
infected humans primarily in Central Africa. 
International response teams, especially early 
in the response, lacked understanding of pre-
vailing health practices, cultural norms, and 
customary behaviors that may have facilitated 
the spread of the disease. Messaging and 
response measure failures by both national 
governments and international responders 
may have contributed to conspiracy theories 
about the origin or even nonexistence of the 
virus, fueled in part by the arrival of foreign 
responders, and perhaps additionally by U.S. 
and British military engagement to help build 
field hospitals (Bayntun et al. 2014). There 
were violent clashes between police and citi-
zens in Monrovia, the murder of a response 
team in Guinea by villagers who believed the 
team was bringing Ebola infection, and the 
passive reaction by some to dire warnings: “If  
Ebola was a death sentence, what was the 
point?” (BBC 2014; Stern 2014). Involvement 
of local communities, faith and traditional 
leaders, and anthropologists advising respond-
ers ultimately helped to convince most West 
Africans of the reality of Ebola and the effec-
tiveness of means to prevent its transmission 
(Baggio et al. 2019; Kutalek et al. 2015; 
Wilkinson et al. 2017).

Guiding principles for community engage-
ment that are common to GPP and GPP-EP 
include the points below, presented here in 
language taken from GPP-EP 4.4.C, “Good 
Participatory Practice for Protocol 
Development”. See also 7 Chap. 18.

 5 Trial sponsors provide opportunities and 
time for local research teams to engage 
actively in expedited trial protocol devel-
opment. Local research teams provide 
opportunities and time for local stake-
holders, in particular community stake-
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holders, to contribute to decisions about 
trial design issues and procedures, includ-
ing the products to be tested, trial objec-
tives, recruitment strategies, informed 
consent materials and procedures, reim-
bursement policies, counseling approaches, 
follow-up procedures, and post-trial access 
to trial products or procedures.

 5 Research teams maintain clear and trans-
parent communication about the protocol 
development process with formal stake-
holder advisory mechanisms and provide 
regular updates about protocol review and 
approval processes to relevant stakehold-
ers.

 5 Researchers provide protocol summaries 
to relevant stakeholders and make techni-
cal information as accessible as possible by 
translating materials or facilitating work-
shops as necessary. They make full, final 
protocols of trials available and easily 
accessible to stakeholders.

2.3  Post-trial Access to Trial 
Products, Procedures, or 
Devices

One way to increase fairness in existing cir-
cumstances is by providing post-trial access to 
the products resulting from research for (a) 
individual participants in the research, (b) 
their communities, or (c) their countries. In 
Brazilian Research Ethics Guidelines regard-
ing post-trial access, all participants are guar-
anteed “at the end of the study and for 
unlimited time, free access to the best prophy-
lactic, diagnostic, and therapeutic methods 
that have proven their efficiency”. There are 
also provisions to ensure particpants who 
have left the trial will continue to receive the 
same access as those still enrolled (National 
Council of Health (BR) 2012).

This has been a contentious issue in human 
research, but there are many reasons to make 
products or procedures shown to be effica-
cious in a trial available to research 
 participants. The prevailing opinion is that 
participants must have access to drugs, vac-
cines, interventions, prevention strategies, and 

any other benefits resulting from the study 
(National Council of Health (BR) 2012; 
UNESCO 2005; WMA 2013). Post-trial 
access in “normal” research situations may be 
delayed by a host of factors (e.g., drug pro-
duction delays, regulatory and licensing issues, 
and of course a finding that the investiga-
tional product was not efficacious). However, 
in emergency response, the balance between 
such hurdles and provision of efficacious trial 
products should mandate their earliest possi-
ble availability, while additional safety and 
efficacy information is collected through con-
tinued evaluation and follow-up. During 
design and implementation, community and 
other local stakeholders must have access to 
clear information on their rights, the access 
plan, and information on all anticipated fac-
tors that could hinder their access to the new 
product or procedure. The PREVAIL 1 study 
of Ebola vaccines is an example where post- 
trial access was provided many years after the 
study launch in February 2015. In 2021, once 
the Merck Ebola VSV vaccine had been 
licensed as Ervebo, the need for a booster 
dose was recognized, and the threat of an 
Ebola outbreak in Guinea near the border of 
Liberia loomed, the participants in PREVAIL 
1 were vaccinated and/or revaccinated. WHO, 
via GAVI, the Vaccine Alliance, is making 
both the Merck and Johnson & Johnson 
Ebola vaccines available to countries when 
there is an Ebola-Zaire outbreak.

To mitigate hurdles related to post-trial 
access to research products, research teams 
and relevant stakeholders must clarify and 
resolve issues early in the process if  possible. 
Trial funders, sponsors, and research teams 
conducting efficacy or effectiveness trials must 
negotiate and agree on responsibilities and 
funding with national governments concern-
ing emergency use authorizations, licensure 
requirements, and access issues should the 
vaccine, therapeutic, or procedure under 
investigation during a pandemic or outbreak 
be shown to be safe and effective.

Certainly, during a PHEIC, trial teams 
and sponsors must work with LMIC research 
participants and participating countries to 
ensure appropriate post-research benefits, 
especially during the acute health emergency. 
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This has been done in the context of 
COVID- 19 for vaccines and some therapeu-
tics. Supply constraints can be expected dur-
ing health emergencies, but all research 
stakeholders should work to ensure access to 
effective diagnostics, therapeutics, and vac-
cines during the health emergency. There is a 
very strong case for providing research par-
ticipants and their communities with post-
trial access to the products of emergency 
research, presumably medical countermea-
sures (MCMs) that will counter the pathogen 
in question. Ethical debate continues over the 
best ways to ensure that clinical research in 
developing countries contributes to global 
health justice or equity more generally. In 
regard to exploitation and injustice on 
research, Malmqvist (2017) has argued “that 
mutually beneficial and voluntary exploita-
tion can be worse than neglect when—as is 
typically true of exploitative international 
research—it takes advantage of unjust back-
ground conditions” and that researchers may 
be “complicit in the injustice.” In this respect, 
it is worth mentioning organizations and pro-
grams like GAVI, the Vaccine Alliance, the 
WHO-led Access to COVID-19 Tools 
Accelerator, or ACT-A, and especially 
COVID-19 Vaccines Global Access (COVAX), 
the effort to distribute vaccines against SARS-
CoV-2 more universally and more equitably 
around the world (Gavi 2022; WHO 2022a).

3  Partnerships

3.1  Minimizing North-South 
Inequality in Research 
Partnerships

Collaboration among all relevant stakehold-
ers, acting as equal partners, is indispensable 
to help overcome inequalities in research part-
nerships. International collaboration in AIDS 
research has demonstrated the need to re- 
examine legal and especially ethical aspects of 
research in general (Greco 2008). The practi-
cal difficulties faced by collaborative efforts in 
AIDS research and the issues and problems 

experienced in that epidemic can and should 
guide the response to other emerging or re- 
emerging illnesses. Indeed, one of the most 
ethically controversial international research 
studies in recent decades was on preventing 
mother-to-child transmission of HIV (Angell 
1997; Lurie and Wolfe 1997). Peter Piot and 
Thomas Quinn (2013) argue for the response 
to the AIDS epidemic as a global health para-
digm, concluding that great progress has been 
made in the global response to the AIDS epi-
demic, and that it has had a direct impact on 
global health as a whole. But, they caution, 
established “programs will require universal 
access, large-scale implementation, careful 
monitoring and evaluation, financial and 
technical resources, and robust commitment.” 
As noted, it was the HIV-AIDS research pro-
gram that gave rise to GPP (UNAIDS/AVAC 
2011), which has been much cited and adapted 
to new circumstances, recently revised 
(UNAIDS/WHO 2021), and provided the 
foundation for WHO-prepared GPP guide-
lines for infectious disease emergencies and 
for COVID-19 specifically (WHO 2016a, 
2020b). Folayan et  al. (2019) discussed the 
considerations involved, noting that commu-
nity engagement is necessary in an emergency, 
both for the success of a clinical trial (recruit-
ment, good data, operations) and for ensuring 
the community understands and benefits from 
the research—though the latter may be more 
difficult during an emergency.

3.2  Fair Treatment and Support 
for Front-Line Workers

It is not only research partners and partici-
pants who are affected by North-South 
inequality. The rights and treatment of 
research study staff  who are hired locally can 
raise ethical issues as well (7 Chap. 42). It is 
essential to guard against the sort of paternal-
ist condescension that can affect even the 
best-intentioned humanitarian, letting the 
concept that “we” are helping “them” define 
relationships rather than “we are working 
together to stop a disease outbreak” (Jentsch 
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and Pilley 2003). Inequalities inevitably 
include large differences in opportunities (e.g., 
salary, benefits, and employment stability) 
available for research personnel from devel-
oped versus low- and middle-income coun-
tries; there have even been circumstances in 
which locally hired employees are expected to 
stay and work in insecure areas where their 
LMIC research partners are forbidden even to 
visit by the security regulations set by their 
home governments. Salary issues are not sim-
ple: either pay local employees based on pre-
vailing local wages, and they receive much less 
than their developed-country colleagues; or 
pay them on an international scale, and they 
may receive so much more than their compa-
triots with similar skills that it could skew the 
local labor market and disproportionately 
induce the most talented and qualified per-
sonnel to leave the national health system 
(Lemay-Hébert et al. 2020).

3.3  Equity in Publication

Issues related to publication of and public 
attention to scientific and ethically sound 
results are crucial in at least two respects: (a) 
equitable inclusion of fellow researchers as 
authors, and (b) in relation to rumors and dis-
information (“fake news”), which have been 
an enormous obstacle to controlling and end-
ing the COVID-19 and Ebola pandemics 
(crossref, crossref). The latter has been called 
an infodemic, or a global epidemic of misin-
formation, one which has had severe conse-
quences for health care and social well-being 
(Briand et al. 2021; WHO 2022b). As for pub-
lication fairness, the International Committee 
of Medical Journal Editors (ICMJE) has 
established a set of recommendations for the 
Conduct, Reporting, Editing, and Publication 
of Scholarly Work in Medical Journals, aimed 
at ensuring that all individuals included as 
authors take responsibility for what is pub-
lished (ICMJE 2019). While ICMJE encour-
ages “collaboration and co-authorship with 
colleagues in the locations where the research 

is conducted,” the decision on whom to 
include as an author is explicitly left in the 
hands of the authors, who need to take collec-
tive responsibility for fairness.

Popular distrust of scientists and scientific 
information is multifaceted, and it is an open 
question how much people in one country will 
be better convinced of the validity of scientific 
results just because their compatriots are on 
the research team. Mistrust of science in high- 
income countries is rampant even though 
most scientific research is conducted there. In 
any case, both justice and the potential for 
more effective communication with the public 
are better served by equitable representation.

3.4  Work with Non-government 
Organizations (NGOs) Already 
on the Ground or with Relevant 
Experience

There are several highly skilled humanitarian 
response NGOs with broad international 
experience (MSF 2013), which may have 
established good relationships with commu-
nities in an outbreak zone before research 
programs have begun to work, though in 
some cases, e.g., eastern Democratic Republic 
of  the Congo (DRC), the circumstances may 
be exceptionally difficult (MSF 2019). 
Emergency medical response NGOs have in 
the past sometimes viewed research and 
researchers with suspicion; they may believe 
that randomly controlled trials (RCTs) 
deprive some patients of  their only possible 
option, or they may be skeptical about the 
research bringing any benefit in the course  
of  the current emergency (7 In Focus 30.1). 
Moreover, it may be argued that the longer-
term agendas of  many medical and develop-
ment NGOs have been shaped in recent 
decades by a neoliberal paradigm that is not 
in the best interest of  all communities, most 
especially the least advantaged (Keshavjee 
2014). Even with these caveats, however, 
NGOs are fundamental for emergency 
response in low-income countries.
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4  Nation-States and Global 
Response

In each country where an infectious disease 
emergency response is underway, there should 
be a country coordinating mechanism. While 
sovereignty inheres in national governments, 
in case of need an international institution, 
often WHO, may lead the coordination in 
partnership with local governments, profes-
sional associations, academia, etc., as well as 
all international actors involved in the 
response. The coordinating body tracks 
deployments, reduces duplication, establishes 
common and complementary goals, and fore-
stalls clashes among the various response 
organizations (IASC 2019).

4.1  When Governments Put Their 
Own Interests First

One must keep in mind the possibility that 
perceived and often quite real urgency during 
an emergency may be used to circumvent ethi-
cal and human rights standards (London and 
Kimmelman 2020). This can present moral 
dilemmas to emergency response workers, 
especially researchers who must engage on a 
broad range of practical issues with national 
and local authorities from governments of all 
sorts, sometimes having to work with military 
and police forces who may be brutal and cor-
rupt (Buth et al. 2018). The best preparation 
for such work is a thorough grounding in fun-
damental ethical principles in medicine and 
biomedical research, so that applying guide-
lines is not a mere formality but a methodol-
ogy for thinking through the ethical 
dimensions of a research project. This under-
standing must include an appreciation for the 
possibility of conflict between ethical princi-
ples. For example, the need for individual 
informed consent can be overridden by the 
need to treat an unconscious patient urgently; 
public health contact tracing needs may con-
flict with the right to privacy; or the lethality 
of a disease can change the weighting of 
safety vs. efficacy of a medical countermea-
sure. Here again, the involvement of all stake-

holders, including civil society, is of 
paramount importance, together with clear 
and culturally sensitive dissemination of 
information.

4.2  Protecting Nations at Risk

Optimistically speaking, the waning of the 
COVID-19 pandemic should be a historical 
moment for an intense movement to increase 
investment in health, housing, education, and 
water and sanitation, especially in the most 
vulnerable countries. It is urgent to establish a 
preparedness system that can help prevent 
future epidemics and respond when they 
occur and to strengthen and build on existing 
preparedness capabilities. This is a moment 
when it should be clear to all leaders that com-
prehensive preparedness is not only a humani-
tarian and moral imperative but also serves 
the self  interest of all states that care about 
the health of their populations. Moreover, 
preparedness cannot be comprehensive with-
out a strong, functional health care system 
(Brown et al. 2022; Fukuda-Parr et al. 2021; 
Nuzzo et al. 2019).

For capacity building and preparedness 
planning, having an up-to-date, comprehen-
sive list of countries most at risk is useful. In 
January 2020, as the COVID-19 outbreak 
began spreading worldwide, WHO Director 
General Tedros Adhanom Ghebreyesus 
warned in his annual report to the WHO 
Executive Board in Geneva that the world 
may be dangerously ill-prepared for the next 
pandemic, and he urged the WHO member 
states to “invest in preparedness,” not “panic” 
(WHO 2020c). He added that funding for out-
break preparedness “has remained grossly 
inadequate” in the past. “For too long, the 
world has operated on a cycle of panic and 
neglect. We throw money at an outbreak, and 
when it’s over, we forget about it and do noth-
ing to prevent the next one.” This reasoning 
will be familiar from speeches in many previ-
ous global emergencies. However, this could 
be an opening for an intense movement to 
increase investment in health, housing, educa-
tion, water, and sanitation, especially in the 
most vulnerable communities/countries. In 
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2020, WHO convened an International 
Independent Panel for Pandemic Preparedness 
and Response (2021). The panel’s report was 
published in May 2021, and a summary of its 
findings and recommendations concluded 
that “To prepare the world for the future so 
that the next disease outbreak does not 
become a pandemic, the panel calls for a series 
of crucial reforms that will address gaps in 
high-level coordinated leadership globally 
and nationally, funding, access to what must 
become global goods, and WHO’s indepen-
dence, focus, and authority” (Sirleaf and 
Clark 2021).

4.3  International Economic 
Interventions Can Undermine 
Preparedness

As mentioned above, the challenges are many 
and complex, albeit not without potential 
solutions. Often and increasingly, the eco-
nomic collapse that many nations are facing is 
related not only to local responsibility but 
also to international intervention: structural 
economic changes meant to strengthen econ-
omies have often led to weakened social pro-
tections, including health care (Thomson et 
al. 2017). A clear example was the situation in 
West Africa just before the Ebola outbreak in 
2014. Kentikelenis et al. (2015) described the 
chaos of the local health sector in Sierra 
Leone in relation to the economic prescrip-
tions of the International Monetary Fund 
(IMF), including spending cuts for structural 
adjustment, which affect social services 
including the health system. A major reason 
the outbreak spread so rapidly was the weak-
ness of health systems in the region. There 
were many factors behind this, including a 
legacy of conflict and state failure. Since 1990, 
the IMF has provided support to Guinea, 
Liberia, and Sierra Leone, for 21, 7, and 
19 years, respectively, and all three countries 
were under IMF programs when Ebola 
emerged. IMF lending comes with strings 
attached (“conditionalities”) that require 
recipient governments to adopt policies that 
have been criticized for prioritizing economic 

objectives over investment in health and 
 education. To keep government spending low, 
the IMF often requires caps on the public-
sector wage bill—and thus constrains funding 
to hire or adequately remunerate doctors, 
nurses, and other health-care professionals.

Such limits are “often set without consid-
eration of the impact on expenditures in pri-
ority areas” (IMF 2007) and have been linked 
to emigration of health personnel. With the 
implementation of such austerity, the number 
of public sector employees in Sierra Leone 
was reduced. “Between 1995–1996, the IMF 
required the retrenchment of 28% of govern-
ment employees, and limits on wage spending 
continued into the 2000s” (Kentikelenis et al. 
2015). During that time, community health 
workers decreased from 0.11/1000 population 
in 2004 to 0.02/1000  in 2008. Stuckler and 
Basu (2013) add that “it is not even clear that 
they have strengthened economic perfor-
mance.” Although the IMF says it has taken 
such criticism seriously and issued a new 
social spending strategy in 2019, its results 
could not be assessed during the ensuing pan-
demic emergency (IMF 2019).

4.4  National Sovereignty vs. 
Possible Global Impact

This is a crucial issue. Economic and research 
disparities tend to affect most intensely those 
countries where capacity to respond ade-
quately to disease outbreaks is very low, where 
health systems are understaffed and underfi-
nanced, and where infectious diseases may be 
more likely to emerge or re-emerge. This adds 
up to multifaceted problems. On the one 
hand, financial support, research project 
design, and experienced researchers are gener-
ally going to come from industrialized coun-
tries; one risk is that research products will 
either not reach or will not be affordable for 
those most at need in the most vulnerable 
countries.

On the other hand, actual research imple-
mentation will directly affect countries that 
are most likely already struggling with other 
endemic diseases (communicable and non- 
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communicable) and in some cases may be fac-
ing socioeconomic and health system collapse. 
Affected countries’ capacity to evaluate the 
ethics of proposed research may be very lim-
ited, with weak research ethics and regulatory 
review systems, and they may be predisposed 
in an emergency to accept whatever seems to 
provide immediate help. This situation can 
make it difficult to establish the kinds of rela-
tionships that would allow local populations, 
institutions, and governments to see them-
selves as equal partners in an emergency 
response, particularly when it comes to 
research. But the effort must be made, and the 
partnerships between foreign researchers and 
colleagues from the DRC during recent Ebola 
outbreaks shows that it can be done (Mulangu 
et al. 2019). It is worth re-stating that an inter-

national institution like WHO could act as a 
broker to deal with conflicting situations.

A substantial number of guidelines, guid-
ance documents, and reports are already avail-
able to deal with most aspects of research 
ethics in outbreak and health emergency situ-
ations. However, considering that the current 
ethical standards for human research should 
be fully applicable in emergencies, it is impor-
tant to expand and deepen the discussion 
about the ethics surrounding research and to 
reinforce the rights of research participants 
during health emergencies. This broader dis-
cussion includes the ethical standards that 
apply after the trials and to the right to access 
adequate health care for all (CIOMS 2016; 
Lucas 2019; WHO 2016a, 2018, 2020a; WHO 
AFRO 2021).

Box 2: Selected International Guidelines for Medical Research
(Listed with the date of introduction; current 
version in citation)

World Medical Association, 1964, The 
Declaration of Helsinki, 2013 (WMA 2013)

CIOMS, 1982, International Ethical 
Guidelines for Health-Related Research 
Involving Humans (CIOMS 2016)

UNESCO, 2005, Universal Declaration of 
Bioethics and Human Rights (UNESCO 2005)

UNAIDS, 2007, Good Participatory 
Practice Guidelines for Biomedical HIV 
Prevention Trials (UNAIDS/AVAC 2011)

UNAIDS/WHO, 2007, Ethical 
Considerations in Biomedical HIV Prevention 
Trials (UNAIDS/WHO 2021)

WHO GPP-EP, 2016, Good Participatory 
Practice Guidelines for Trials of Emerging (and 
Re-Emerging) Pathogens that Are Likely to 
Cause Severe Outbreaks in the Near Future and 
for Which Few or No Medical Countermeasures 
Exist (WHO 2016a)

Nuffield Council on Bioethics, 2020, 
Research in Global Health Emergencies: Ethical 
Issues (Nuffield Council on Bioethics 2020)

WHO, 2020, Good Participatory Practice 
for COVID-19 Clinical Trials: A Toolbox 
(WHO 2020b)

5  Questions and Conclusion

5.1  Can We Achieve Sustainable 
Preparedness and Response?

Is it possible to ensure post-pandemic global, 
sustainable, clinical research capacity and all 
that it requires without tackling the social 
determinants of health? Preparedness 
includes everything that may be considered 
essential to all aspects of emergency research 

response, before, during, and after the trials. 
As WHO defines it, preparedness is “the abil-
ity (knowledge, capacities, and organizational 
systems) of governments, professional 
response organizations, communities, and 
individuals to anticipate, detect, and respond 
effectively to, and recover from, the impact of 
likely, imminent or current health emergen-
cies, hazards, events, or conditions. It means 
putting in place mechanisms that will allow 
national authorities, multilateral organiza-
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tions, and relief  organizations to be aware of 
risks and deploy staff  and resources quickly 
once a crisis strikes” (WHO 2017).

In its 2021 report, the Global Preparedness 
Monitoring Board (GPMB) notes that “hun-
dreds of expert recommendations have been 
made over the last two decades, new structures 
have been created, but the level of ambition and 
action has failed to match the global need… We 
need a new global social contract to prevent 
and mitigate health emergencies” (GPMB 
2021). However, as the GPMB and other world 
institutions focus on pandemic preparedness, 
there has been relatively little attention to 
address the social determinants of health and 
serious efforts to remedy conditions in the “too 
many places [that] lack even the most rudimen-
tary health- care infrastructure. Communities 
that cannot care for a pregnant woman and her 
new-born child cannot protect against a disease 
outbreak” (GPMB 2019). It is important not to 
lose sight of the greatly increased risk of new, 
serious public health threats among people 
plagued by poverty and associated illnesses, 
malnutrition, high population density, armed 
conflict, population displacement, poor access 
to clean water and sanitation, inadequate vec-
tor control, and insufficient access to health 
care. Any one of these factors increases vulner-
ability, when combined with climate change 
and pressure on land, water, and air resources, 
they are practically a recipe for pandemics 
(Morand and Walther 2020).

A reasonably just world requires continu-
ing effort to ensure every person “the enjoy-
ment of the highest attainable standard of 
health … one of the fundamental rights of 
every human being” as specified in the WHO 
Constitution (International Health 
Conference 1946). The need to ameliorate 
obscene inequalities throughout the world is 
urgent; responding only when these disparities 
become manifest in an outbreak or epidemic is 
neither wise nor good (Kentikelenis et al. 2015; 
Rull et al. 2015). In the same vein, there should 
be an evaluation of the real impact of all local 
and international money invested to tackle 
outbreaks and the costs of epidemics. Although 
estimates vary greatly, the U.S. CDC has calcu-
lated that the three countries most affected by 
the 2014–2016 Ebola epidemic—Guinea, 

Liberia, and Sierra Leone—lost an estimated 
US$ 2.2 billion of their combined GDP during 
the outbreak (CDC 2019). A recent, more 
comprehensive estimate places the total cost, 
including response expenditures, total eco-
nomic costs, and lives lost and diminished, at 
some $53 billion (Huber et al. 2018). The 
losses resulting from COVID-19—more than 
seven million human lives and counting, and 
an estimated US$16 trillion (16 thousand bil-
lion)—are already immense and their impact 
will last for many years to come (Cutler and 
Summers 2020; Johns Hopkins 2022).

5.2  Conclusion

On paper, much of what is needed to ethically 
and scientifically respond to emerging disease 
outbreaks is in place. This includes, but is not 
limited to:

 5 An established international framework, 
such as the International Health Regula-
tions (2005) (IHR) established to identify 
and respond to outbreaks, along with the 
WHO Health Emergencies Program and 
numerous international initiatives and 
national plans to prepare for and respond 
to infectious disease emergencies (Oppen-
heim et al. 2019; WHO 2016b).

 5 Several sets of established ethical guide-
lines directed both to “normal” situations 
and to health emergency response. Of 
course, this abundance of guidelines could 
be either a blessing or a source of confu-
sion. A thorough grounding in biomedical 
ethics for research program designers and 
management will help them navigate any 
apparent conflicts among differing codes 
and guidelines.

 5 Since the COVID-19 pandemic entered its 
third year (2022), there has been an 
increasing number of initiatives to better 
prepare for future pandemics. The impor-
tance of addressing health inequities, 
which means tackling the social determi-
nants of health, both in the present 
response and in preparedness, has been 
championed (among others) by WHO 
Director General Tedros Adhanom Ghe-
breyesus.
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 5 Universal health care and pandemic pre-
paredness and response are linked in the 
recently introduced WHO Universal 
Health and Preparedness Review process, 
which will feed into negotiations of the 
new international pandemic instrument. 
This is an effort to act on the concept that 
the availability of health care for all is 
inextricably linked with global pandemic 
preparedness (WHO 2021b, 2022c).

Though the focus of this volume is on emer-
gency research response, and though infec-
tious disease emergencies may affect countries 
at all income levels, the likelihood of novel 
pathogens appearing, the potential for them to 
spread unchecked, and their severity are usu-
ally greater in the most vulnerable countries 
and communities. In preparedness and 
response, the health, medical, and humanitar-
ian sectors must go beyond existing ethical and 
research guidelines and work toward full com-
pliance with the IHR (2005), amended at the 
2024 World Health Assembly and binding for 
all WHO members. If they and all of us wish 
to improve readiness and resilience further, we 
must work towards goals like the 17 UN Sus-
tainable Development Goals (. Fig.  1)—a 
blueprint for tackling global disparities. The 
UN describes the goals as “an urgent call for 
action by all countries—developed and devel-
oping—in a global partnership. They make 
clear that ending poverty and other depriva-
tions must go hand in hand with strategies that 
improve health and education, reduce inequal-
ity, and spur economic growth—all while tack-
ling climate change and working to preserve 
our oceans and forests.” There are, however, 
substantive hurdles to their effective applica-
tion, and they require the following actions:

 5 Ensure real international participation 
and adequate financing.

 5 Seek and ensure transparency and unbi-
ased, clear, culturally sensitive, and timely 
dissemination of information.

 5 Establish mechanisms to curb conflicts of 
interest in emergency response, including 
political decisions resulting in vaccine hoard-
ing and business decisions slowing total pro-
duction of medical countermeasures.

 5 Expand the discussions on waiving patents 
for vaccines and medicines, especially but 
not exclusively for health emergencies (A 
patent waiver on COVID vaccines is right 
and fair 2021; UNESCO 2021; Usher 
2020).

 5 Disseminate relevant information 
 concerning national, commercial, and 
other interests.

In addition, action by the health, medical, 
and humanitarian response communities 
must move beyond research, medical care, 
and emergency assistance, and even beyond 
the goal of  making the highest attainable 
standard of physical and mental health avail-
able to all. Imperative actions include con-
fronting isolationism and xenophobia; 
countering anti-scientific sentiment and 
behavior (e.g., virus and vaccine denialism); 
supporting open clinical studies data; and 
demanding meaningful action to counteract 
climate change, an important driver of  dis-
ease outbreaks (Watts et al. 2019). Last and 
most important, this joint effort must urgently 
address the social determinants of  health that 
facilitate the establishment and spread of var-
ious illnesses (Braveman 2011; Galobardes et 
al. 2008). In other words, the international 
medical, health, research, and ethics commu-
nities, with all their capacity and visibility, 
must truly work together to tackle the gaping 
disparities among and within countries, 
including but not limited to health access. 
Mechanisms to mitigate with the goal of 
eliminating such disparities must be included 
in each and every discussion, guidance paper, 
and covenant regarding emerging infectious 
diseases.

Although research to develop diagnostic 
tools, drugs, and vaccines is essential to curb 
the COVID-19 pandemic, the results of the 
research must be transformed into real access 
to health care for all. The opening remarks of 
WHO Director General Tedros on the ethics 
of access to COVID-19 vaccines at WHO 
Executive Board in January 2021 are appro-
priate (WHO 2021a):

 » “I need to be blunt: the world is on the brink 
of  a catastrophic moral failure—and the 

124 D. Greco



price of  this failure will be paid with lives 
and livelihoods in the world’s poorest coun-
tries. Even as they speak the language of 
equitable access, some countries and com-
panies continue to prioritize bilateral deals, 
going around COVAX, driving up prices 
and attempting to jump to the front of  the 
queue… This is wrong. Forty-four bilateral 
deals were signed last year, and at least 12 
have already been signed this year. The situ-
ation is compounded by the fact that most 
manufacturers have prioritized regulatory 
approval in rich countries where the profits 
are highest, rather than submitting full dos-
siers to WHO.”

? Discussion Questions
 1. On what basis and to what extent are 

high-income countries required to 
share the fruits of  their research with 
LMICs?

 2. What are the obligations of  research 
programs to ensure their results are 
shared with research participants? Does 
the obligation extend to the community, 
the country of  the participants, or 
worldwide?

 3. What is the role of  an individual research 
program in ameliorating social and 
political injustices in host countries?

 4. What are the ethical issues involved in 
carrying out a research program spon-
sored by a high-income country in a 
low-income country in the following 
areas?
 (a) Partnerships with local scientists 

and institutions
 (b) Participation of  civil society
 (c) Hiring local staff
 (d) Compensating research participants 

for their time and expenses
 (e) Health care for study participants 

who suffer from conditions other 
than the one being studied

 (f) Elimination of  exploitation risks
 (g) Post-trial access to products that 

have shown to be safe and effective
 (h) Limits on the use of placebo, if  any
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The role of regulatory agencies in expedit-
ing clinical development and product 
approvals

 5 Awareness of regulatory flexibilities during 
pandemics in order to expedite progress 
through clinical trials

 5 Advances in manufacturing methods and 
platform technologies enabling streamlined 
medical countermeasure development

 5 The regulatory evaluation of benefits and 
risks in an evolving situation, with trans-
parent communication and close collabora-
tion with multiple stakeholders

 5 Basic knowledge about
 – What preclinical and clinical studies 

must demonstrate and what essen-
tial product aspects they must char-
acterize

 – Safety assessment and communica-
tion

 – Special populations
 – Appropriate design of Phase II/III 

studies considered sufficiently ro-
bust to meet regulatory standards 
for assessment of benefits and risks

 – Lessons learned from the Random-
ized Evaluation of COVID-19 Ther-
apy through Randomized Trials 
(RECOVERY)

 5 Awareness of
 – Key regulatory bodies, including the 

International Coalition of Medi-
cines Regulatory Authorities 
(ICRMA)

 – The role of regulators in the coun-
tries where emerging infectious dis-
eases (EID) outbreaks have occurred

 – The greatest challenges in chemistry, 
manufacturing, and controls for 
MCM producers

1  Introduction

Regulatory agencies play a critical role in the 
national and international response to emerg-
ing and re-emerging infectious diseases 

(EIDs). Their responsibilities span a range of 
regulatory activities, from providing guid-
ance on design of  preclinical and clinical tri-
als; assessing the data trials produce; ensuring 
data quality; developing chemistry, manufac-
turing, and controls (CMC) for medical 
countermeasure (MCM) production; to 
reviewing all data that ultimately lead to 
authorization or approval of  MCMs—the 
crucial requirement for large-scale deploy-
ment of  and access to therapeutic and pre-
ventive products. In other words, regulatory 
agencies are not just there to review data pro-
vided by clinical and other investigatory tri-
als but to work with the many actors involved 
in bringing a new MCM into the pharmaco-
peia. Thus, there is a continuum in the regula-
tory appraisal of  investigational agents and 
diagnostics from early development into ini-
tial (Phases I and II) and then to large-scale 
clinical trials (Phases II and III) and post-
approval evidence gathering (Phase IV). One 
important focus, as the world considers how 
we can better prepare for novel and re-emerg-
ing EIDS, is what can be done to advance 
vaccines, therapeutics, and diagnostics 
against potential pandemic pathogens before 
a crisis strikes. This includes both virus fami-
lies known to include pathogens and “patho-
gen X,” a novel pathogen that may arise 
unforeseen. SARS-CoV, as an example, arose 
as a novel pathogen but was a member of  a 
family, Coronaviridae, that was already under 
study because two viruses in the family had 
come to notice in recent years: SARS-CoV-1 
and the Middle Eastern respiratory syndrome 
virus (MERS-CoV) in 2002 and 2012, respec-
tively.

In the context of  EID emergencies, a key 
question is how research can be designed 
and conducted during a health emergency 
to produce reliable evidence as expedi-
tiously as possible to confirm or establish 
whether a given intervention has a positive 
risk-benefit balance. This chapter will 
describe regulatory approaches used and 
experiences gained in the global regulatory 
response to public health emergencies, using 
the 2014–2016 West Africa Ebola outbreak 
and the COVID-19 pandemic as examples.
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2  Development and Licensure 
of Medicinal Products in Brief

Each clinical development program and regu-
latory licensure strategy for medicinal prod-
ucts being developed against an emerging or 
potentially emerging pathogen must be tai-
lored to the particular investigational agent 
and the epidemiological context. The type 
and extent of preclinical and clinical studies 
needed to demonstrate the quality, efficacy, 
and safety of the product depend on its char-
acteristics, its proposed indications, and its 
target population.

In general, the clinical evaluation of 
medicinal products during the premarketing 
stage occurs in discrete trial phases, i.e., 
Phases I, II, and III. Phase I trials are intended 
to provide an initial evaluation of safety and 
pharmacokinetics (PK), and in the case of 
vaccines safety and likely immunogenicity. 
They are typically conducted in a small num-
ber (e.g., 20–80) of closely monitored adult 
volunteers. Phase II studies can involve up to 
several hundred participants, are often ran-
domized and well controlled, and provide fur-
ther information on safety, immunogenicity 
for vaccines, and optimal dose. Phase III stud-
ies are large- scale trials to provide a more 
thorough assessment of safety as well as a 
definite assessment of efficacy. Efficacy should 
ideally be demonstrated in randomized, dou-

ble-blind, controlled trials with product-spe-
cific endpoints. They may be clinical disease 
endpoints or, for vaccines, immune response 
endpoints if  a biomarker has been identified 
as a reliable correlate of protection; in some 
cases, a surrogate endpoint reasonably likely 
to predict clinical benefit can be identified 
(7 Chap. 22 and In Practice 22.1).

Safety is one of  the most important con-
siderations for evaluating MCMs such as 
vaccines and therapeutics. In general, when 
evaluating safety, one must compare the risk 
of  the disease or condition with the risk of 
adverse event(s) potentially associated with 
the product. For products evaluated in clini-
cal endpoint efficacy trials, a large safety 
database likely will emerge from a double-
blind, randomized, well-controlled efficacy 
study. Additional controlled safety studies 
are often requested when the number of  sub-
jects included in the efficacy studies are 
deemed insufficient to provide adequate 
safety data. Licensure must also be sup-
ported by data demonstrating that the manu-
facturing process will ensure product 
consistency and quality and that the facility 
is compliant with current good manufactur-
ing practices (EC 2011). Given the many 
requirements, drug and vaccine development 
from the discovery stage to late-stage devel-
opment normally takes a rather long time, 
often several years or more (. Fig. 1).

Pharmaceutical quality

Non-clinical research

Phase I

Phase II

Phase III

Vaccine
available
for use

Clinical trials

Large-scale production

Studies after authorisation

Scienti�c evaluation and authorisation

Clinical e�cacy and safety studies

Larger information on immunogenicity
and/or exploratory protection

Human immunogenicity
studies

.       Fig. 1 Selected steps to vaccine approval and distri-
bution (EMA 2022) (free use with attribution). This 
time scale can vary considerably, from the 4 years it took 

to develop the mumps vaccine in the 1960s to an average 
of  15–20 years. (Janse et al. 2021; Hilleman et al. 1968)
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3  Medical Countermeasure 
Development During a Public 
Health Emergency

The Ebola outbreak in West Africa necessi-
tated compressed product development pro-
grams to provide life-saving medicinal 
products in an accelerated manner. In this 
case, there were two preclinical vaccine can-
didates that could not be entered into clini-
cal trials until over a year after the outbreak 
began in December 2013. The pathogen 
causing the outbreak was not identified 
until March 2014; full-scale international 
involvement did not begin until the World 
Health Organization (WHO) declared a 
Public Health Emergency of  International 
Concern in August (Moon et al. 2015; Higgs 
et al. 2017).

As research response began, regulatory 
agencies engaged with each other, vaccine 
manufacturers, and other stakeholders to 
accelerate the development of MCMs 
(Cavaleri et al. 2016). To advance vaccine can-
didates, international regulators rapidly 
assessed product characterization data and 
clinical trial protocols to allow clinical trials 
to begin. Immunogenicity and safety data 
were rapidly reported and assessed, allowing 
initiation of Phase III clinical studies of vac-
cines in individuals residing in outbreak areas 
and collection of data supporting licensure of 
these products. National regulatory agencies 
engaged in joint reviews with WHO and West 
African regulators to discuss study designs, 
ethical considerations, and the product infor-
mation requirements for international regula-
tory consensus on approval or authorization, 
thus facilitating development of trial proto-
cols and data management plans. However, 
available investigational drugs and vaccine 
candidates were still in preclinical  development 
at the time of the Ebola outbreak. Despite the 
use of compressed development programs for 
both vaccines and therapeutics and initiation 
of clinical efficacy studies, trials occurred at 
what turned out to be a later stage in the epi-
demic when Ebola disease incidence rates 
were dropping (Kennedy et al. 2017).

As a consequence, pivotal Phase III stud-
ies (PREVAIL and Ebola Ça Suffit!) had to be 
terminated before reaching statistical signifi-
cance due to the waning number of Ebola 
infection cases (Henao-Restrepo et  al. 2017; 
Kennedy et al. 2017). Regulators and manu-
facturers alike had to balance the need for 
rigorous and robust study designs on one side 
with ethical and feasibility considerations on 
the other, acknowledging that implementing 
clinical trial ethical standards is dependent on 
the actual situation and remains at the discre-
tion of local ethics committees and investiga-
tors. The discussion on the role of randomized 
trials and inclusion of adequate controls for 
therapeutics clinical evaluation was particu-
larly challenging as differing views were 
expressed by investigators and competent 
authorities. The main lesson learned was that 
only large, well-designed randomized studies 
with appropriate controls could lead to results 
that would be interpretable in the context of 
evolving epidemiology, fluctuation in morbid-
ity and mortality, and lack of outstanding 
clinical efficacy.

In addition, there were other factors that 
hindered timely gathering of product safety 
and effectiveness data. These included but 
were not limited to lack of an appropriate 
infrastructure for clinical research, timely 
agreement on study design, the availability of 
adequate supply of investigational medicinal 
products and, importantly, lack of early prod-
uct characterization and quality data to sup-
port the clinical use of the medicinal products 
at the intended posology (the size or frequency 
of a dose or doses).

The COVID-19 pandemic has provided 
many examples of how regulatory agencies 
collaborated with national and global part-
ners in emergency response. The pandemic 
has been an extraordinary challenge to global 
health, claiming the lives of millions of people 
worldwide. National regulatory authorities 
collaborated in an unprecedented effort with 
product manufacturers, research scientists, 
epidemiologists, public health, and govern-
ment officials to develop vaccines and thera-
peutic products against SARS-CoV, utilizing 
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Pharmaceutical quality

Non-clinical research

Phase I

Phase II

Phase III

Clinical trials

Vaccine available for use

Scienti�c evaluation and authorisation

Large-scale production

Studies after authorisation

.       Fig. 2 Accelerated timeline for COVID-19 vaccines: 
note the much greater degree of  overlap among steps to 
approval, showing they are conducted simultaneously 

rather than in sequence to a much greater extent than in 
“normal” vaccine development. (EMA 2022; free use 
with attribution)

both traditional and novel platforms and 
manufacturing technologies (. Fig. 2).

Regulators worked closely with manufac-
turers and provided them with expedited feed-
back and regulatory guidance. Regulatory 
agencies conducted expedited reviews of man-
ufacturing information, preclinical and clini-
cal protocols, and clinical trials data, and 
provided timely advice through frequent 
interactions with product manufacturers. 
Knowledge gained from previous experience 
with the technology now being used to manu-
facture new MCMs was considered to supple-
ment and abbreviate some of the quality 
testing and preclinical study requirements for 
initiating human clinical trials (Wagner et al. 
2021). This is one example of how research 
requirements can be met in expedited fashion, 
without compromising safety or scientific 
rigor, to pave the way for expedited determi-
nation of safe and immunogenic doses to be 
used in pivotal vaccine efficacy and safety 
studies.

Animal models provided early indications 
of COVID-19 vaccine candidates providing 
protection from challenge with the pathogen, 
leading to lower levels of enhanced respira-
tory disease and robust T helper type 1 (TH1)-
skewed immune responses (Wang et al. 2021). 
For repurposed therapeutic agents, gathering 
sufficient proof-of-concept data to support 

progression to large clinical trials has proven 
to be more challenging than for vaccines, 
underscoring the need for better infrastruc-
ture for rapid and efficient preclinical testing 
(7 Chap. 14).

Regulators agreed to the use of  adaptive 
and/or seamless clinical trial designs for 
allowing for more rapid progression through 
the usual phases of  clinical development. At 
the same time, they had to ensure that data 
were adequate and interpretable, and that 
respective regulatory standards were met to 
support authorization and ultimately licens-
ing for both investigational life-saving 
COVID-19 therapeutic products and COVID-
19 vaccines. Good clinical practices (GCPs) 
need to be maintained in clinical studies to 
ensure the possible use for regulatory deci-
sions despite challenges associated with clini-
cal research during emergencies. Investigators 
and sponsors need to ensure that data are col-
lected and stored in compliance with GCPs to 
the extent possible and to take into account 
the possibility that regulators conduct inspec-
tions to verify the quality of  the clinical trials. 
At the same time regulators understand the 
need to maintain flexibilities and proportion-
ality with respect to GCP compliance in 
emergency settings.

These collaborative efforts enabled the 
timely initiation of Phase III clinical studies 
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for some of the COVID-19 vaccine constructs, 
trials that produced safety and efficacy data to 
support widespread use of these products in 
millions and ultimately billions of people. For 
therapeutic products the fragmentation of 
clinical research has been a major hurdle in 
the initial phase of the pandemic. Sufficiently 
sized platform clinical trials proved to be of 
major value in generating the required evi-
dence in a timely manner. A few months into 
the COVID-19 pandemic, there were calls 
from regulators to increase the efficiency of 
clinical trials for COVID-19 medicinal prod-
ucts (Eichler et al. 2020). Specific suggestions 
were made:

 5 The research community should consider 
whether their planned trial can become 
part of a larger platform trial.

 5 Developers of COVID-19 treatments 
should seek interactions with regulators as 
early as possible.

 5 Well-established public or private consor-
tia should ramp up their activities and take 
on a wider role in the management of tri-
als.

 5 Regulators should show flexibility in clini-
cal trial management to address the chal-
lenges arising from the COVID-19 
pandemic, while ensuring a high level of 
quality, efficacy, and safety of medicines.

 5 Ethics committees should ensure that the 
benefits of conducting clinical trial for 
COVID-19 outweigh risks and burdens to 
participants.

 5 Trial sponsors should establish infrastruc-
ture sufficient to support clinical trial con-
duct.

 5 Umbrella patient organizations and 
learned societies should use their influence 
to encourage clinical trial coordination.

In addition, regulators generated pertinent 
guidance documents for the development of 
therapeutic products and vaccines and met 
with their regulatory counterparts to discuss 
convergence of regulatory approaches to 
facilitate accelerated development and deploy-
ment of COVID-19 vaccines and other thera-
peutic products (see 7 Sect. 5).

4  Lessons Learned and Regulatory 
Strategies to Prepare for Future 
Emergencies

Together, the Ebola and COVID-19 examples 
illustrate the importance of proactive data 
collection to enhance preparedness when an 
outbreak occurs. Importantly, product char-
acterization, preclinical, and early safety and 
immunogenicity pharmacokinetics/pharma-
codynamics clinical studies should be per-
formed, to the extent possible, well in advance 
of any epidemic or pandemic public health 
emergency. This is one element in the logic 
behind the prototype pathogen approach 
being adopted as a research avenue for pan-
demic preparedness (Graham and Corbett 
2020).

4.1  Chemistry, Manufacturing, 
and Controls and Reliance 
on Available Data on Platform 
Technologies

A timely response to an emerging pathogen 
may be facilitated by the availability of a well- 
characterized technology platform (for exam-
ple, a well-characterized mRNA or adenovirus 
platform), where the same backbone is used 
with a new insert, one different from that pre-
viously used against another pathogen. In cer-
tain situations, CMC and preclinical data 
accrued for such a platform may support the 
nonclinical safety of an investigational agent 
directed against an emerging pathogen, allow-
ing more streamlined regulatory decision 
making. It can be argued that existing knowl-
edge of the manufacturing process and the 
safety database accumulated with biological 
medicinal products produced with existing, 
previously successful technology will provide 
supportive evidence and may alleviate some 
of the testing and data otherwise required. It 
should be well understood, however, that effi-
cacy data cannot be extrapolated from one 
pathogen to another based on using the same 
platform technology. There will still be con-
siderable scientific and regulatory challenges 
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associated with developing and testing new 
medical countermeasures against EIDs, 
because they will likely use novel technologies 
and new assays to evaluate their potency.

4.2  Preclinical Studies

Non-clinical studies, including repeated toxic-
ity and pharmacology studies to support the 
safe and effective use of a medicinal product 
to be used in an emergency, could be derived 
from similar vaccine or therapeutic products 
manufactured using proven technology. For 
example, for a vaccine candidate, these studies 
may be conducted using the same vaccine 
construct and technology but expressing a dif-
ferent antigen. Data from these studies may 
then be used to support use of the vaccine 
constructs expressing the antigen of interest 
in the event of a public health emergency. 
Different guidelines (WHO 2005) describe the 
type of non-clinical studies that are usually 
required in order to allow clinical trial initia-
tion and to facilitate product development 
toward licensure.

Studies in animal models to provide evi-
dence of proof of concept are valuable tools 
to support further clinical evaluation of the 
investigational product developed either as 
prophylaxis or for treatment. In situations 
where it is not possible to perform clinical effi-
cacy studies, e.g., for ethical reasons or when 
the disease outbreak is unpredictable, pivotal 
studies for inferring clinical efficacy can be 
conducted in animal models (FDA 2021).

Even though animal challenge/protection 
models and studies are not a requirement to 
support initiation of clinical trials, data from 
such studies may contribute significantly to 
assess the benefit/risk of the product to clini-
cal study participants and should thus be con-
sidered as an integral component of a 
preclinical package supporting clinical trial 
applications in the setting of EIDs. Regulators 
would expect that developers provide appro-
priate evidence to support the value of the 
chosen animal models in terms of similarity 
to the disease in humans, similar viral propa-
gation, and kinetics. Differences between ani-
mals and humans in the pharmacokinetics 

profile for therapeutics and quality and quan-
tity of the immune response for vaccines will 
need thorough consideration when support-
ing any dose/schedule to be used in humans.

4.3  Clinical Studies

For therapeutics for emergent diseases, a 
properly designed Phase II study exploring 
dose response and providing proof of concept 
of efficacy would normally be needed before 
moving to Phase III studies. However, this 
presents a challenge during epidemics, when 
rapid progression to confirmatory evidence 
generation may be vital to mitigating the con-
sequences of the disease. Thus, in many 
instances, demonstration of safety and effi-
cacy during an emergency is planned to occur 
through a single seamless or single-dose Phase 
II/III clinical study. Seamless studies may 
embed a Phase II or proof-of-concept phase 
that allows rapid decision making toward pos-
sible progression into a confirmatory larger 
part of the study, or Phase III.

In consideration of such aspects, develop-
ment of countermeasures such as antivirals 
should ideally be started ahead of an epidemic 
or pandemic and should include studies to 
identify dose(s) and posology of the 
 investigational agent that could be used dur-
ing an outbreak. A good understanding of the 
pharmacology (pharmacokinetics and phar-
macodynamics) for drugs, and immunogenic-
ity in the target population in the case of 
vaccines, is needed. To achieve this goal, a 
combination of preclinical models and clini-
cal studies is likely to be needed, as well as 
data demonstrating how findings in animal 
models can help build a bridge to the clinic. 
Adequate validation/qualification of assays to 
measure immune response or therapeutics 
concentrations in body fluids, across several 
tested species and in humans is expected.

In terms of dose selection, certain thera-
peutic agents may have generated efficacy data 
against other more common pathogens that 
could allow some level of bridging based on 
similarity in microbiological activity and type 
of disease caused, e.g., to support dose selec-
tion for treatment of plague or anthrax, clini-

136 M. Cavaleri et al.



cal data for the treatment of bacterial 
pneumonia could provide relevant supportive 
evidence.

Considerations of safety and efficacy of 
the product in special populations such as 
children and pregnant women are often 
important, albeit difficult, areas to address 
ahead of a crisis. Any kind of evidence that 
could be collected in preparedness and to sup-
port use needs to be considered early, not-
withstanding feasibility and ethical constraints 
related to investigation in vulnerable groups 
with no or limited apparent direct benefit 
from the investigational agent.

Randomized controlled clinical trials will 
remain the preferred approach and are the gold 
standard to generate scientifically valid data to 
support regulatory and other important public 
health policy decisions. Indeed, experience 
from the EVD epidemic has shown that uncon-
trolled or externally controlled trials failed to 
provide a robust basis for public health deci-
sion making, in particular, given the challenges 
in a reliable quantification of the rapidly 
changing disease epidemiology (Brueckner 
et al. 2018). Nevertheless, alternative options to 
randomized trials will need to be considered in 
situations where randomized controlled clini-
cal trials are no longer feasible, e.g., unpredict-
able, sporadic, or reduced disease incidence; or 
availability/approval of other efficacious thera-
peutics or vaccines. In this context, it is impor-
tant to accrue qualitative and quantitative data 
on disease epidemiology.

During the COVID-19 pandemic, ran-
domized clinical trials have been essential to 
determine the benefits of new therapeutics 
because of the complexity of the disease, the 
potential effect of therapeutics at different 
stages of the disease and differential benefit 
based on patient phenotypes (e.g., with respect 
to inflammation and coagulation). 
Additionally, COVID-19 showed that even 
randomized trials, considered to be ade-
quately sized based on preliminary assump-
tions, were not able to provide confirmation 
of efficacy, and only very large studies with 
hard clinical endpoints such as mortality 
could provide the required evidence, e.g. 
tocilizumab and RECOVERY trial 
(RECOVERY Collaborative Group 2021). 

On the other hand, very large therapeutic tri-
als with heterogenous patient populations and 
varying standards of care employed have the 
risk of diluting any possible effect in specific 
patients and would not be the preferred option 
unless there is expectation of an overall very 
large treatment effect.

The COVID-19 pandemic reinforced the 
important principle that antivirals should be 
used as early as possible after initial infection 
and symptom onset, as this maximizes the 
chances of having an impact on the progres-
sion of the disease when the virus is driving 
pathogenesis. Moreover, it is apparent that 
patients unable to promptly mount an immune 
response—those with deficits in their immune 
systems—are more likely to benefit from anti-
viral treatment. Finding antivirals that are 
active on a conserved part of the virus, such 
as the polymerase, make them more prone to 
be active across different families of viruses, 
and therefore, better candidates for pre- 
outbreak trials and earlier use in the case of 
new emergent viruses.

Monoclonal antibodies have confirmed 
their antiviral potency and would be a suitable 
platform for future preparedness. However, 
promptly collecting data on resistance and 
neutralization evasion is critical and requires 
close regulatory monitoring and continuous 
engagement with the sponsors. For example, 
key mutations in the SARS-COV2 virus have 
completely evaded the activity of neutralizing 
antibodies authorized for use because they 
showed efficacy against viral strains previ-
ously in circulation. In these instances, regula-
tory authorities need to work closely with the 
scientific groups monitoring the impact of 
mutations on product potency, and to change 
regulatory guidance as appropriate. Denying 
regulatory approval due to limitations in the 
spectrum of antiviral activity would be con-
troversial and might not be warranted as 
potential value in certain epidemiological set-
tings cannot be excluded, e.g., approval and 
unchanged regulatory status of Ronapreve 
(casirivimab and imdevimab) and Regkirona 
(regdanvimab) after emergence of Omicron 
variant of SARS-COV2, for which there is 
lack of neutralization in in vitro studies, as it 
cannot be excluded that based on further viral 
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evolution these products may return to being 
active.

With regard to vaccines, large placebo- 
controlled randomized studies were con-
ducted due to high COVID-19 disease 
incidence that resulted in robust estimates of 
the level of protection and ensured fast regu-
latory decision making. In less than a year, the 
United States granted three COVID-19 vac-
cine candidates Emergency Use Authorization, 
while five vaccines initially received condi-
tional approval in the EU. Regulators agreed 
on the type of endpoints that would be accept-
able, while leaving individual manufacturers 
the ability to propose endpoints that met the 
criteria. Step-down pediatric studies were 
deferred until after results from adults were 
available. Vulnerable groups such as pregnant 
women could not be enrolled before data from 
preclinical studies and efficacy and safety in 
the general population were made available.

Balancing benefits and risks of medicines 
in the uncertain and dynamic conditions of an 
emergent epidemic is not trivial and adds to 
the difficulty in coming up rapidly with deci-
sions in the interest of the public and bodies 
in charge of providing field response. 
Protection of public health means also mak-
ing sure that patients and individuals are not 
exposed to undue risks or unfounded expecta-
tions of benefit from the new countermea-
sures.

4.4  Post-approval Monitoring

Post-approval monitoring of safety and effec-
tiveness is another crucial activity under the 
shared responsibility of public health authori-
ties and regulators. Rapid review of adverse 
events reported via pharmacovigilance sys-
tems in the course of mass vaccination cam-
paigns has proved challenging but essential to 
reassure the public and ensure that the risk- 
benefit balance of the vaccine remains posi-
tive. In addition to pharmacovigilance 
reporting, active surveillance studies using 
healthcare systems databases and networks of 
specialized centers are needed to properly 
characterize the incidence and risk factors for 
any potential adverse event that could be caus-

ally linked to vaccination or administration of 
certain therapeutics (7 Chap. 36).

Suspected adverse reactions should also be 
reported by marketing authorization holders 
in periodic safety update reports, which pro-
vide competent authorities with an update of 
the worldwide safety experience of medicinal 
products at defined points after authorization. 
Such updates include a critical evaluation of 
the risk-benefit balance of the product in light 
of new or changing information. This will 
determine whether further investigation 
should be done and if  changes should be 
made to the marketing authorization and 
product information. For vaccines, the peri-
odic safety update report also includes reports 
of lack of efficacy/vaccine failure, for exam-
ple, as seen with pathogen variants.

When vaccination campaigns associated 
with emerging health threats may require 
rapid decision making to minimize risks, the 
observed-to-expected (O/E) method provides 
rapid signal validation and preliminary signal 
evaluation when there is insufficient time to 
review a large number of individual cases. It 
compares the observed number of cases of an 
adverse event occurring in vaccinated individ-
uals and recorded in a data collection system 
(e.g., a spontaneous reporting system or an 
electronic health care record database) and 
the expected number of cases that would have 
naturally occurred in the same population 
without vaccination, estimated from available 
incidence rates in a non-vaccinated popula-
tion. Key requirements of O/E analyses 
include the observed number of cases detected 
in a passive or active surveillance system, near 
real-time exposure data, appropriately strati-
fied background incidence rates calculated on 
a population similar to the vaccinated popula-
tion (for the expected number of cases), the 
definition of appropriate risk periods (where 
there is suspicion and/or biological plausibil-
ity that there is a vaccine-associated increased 
risk of experiencing the event) and sensitivity 
analyses around these measures. O/E analyses 
may require some adjustments for continuous 
monitoring due to inflation of type 1 error 
rates when multiple tests are performed.

During an emergency, the acceptability of 
specific risks associated with vaccination must 
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.       Fig. 3 Emergence of  thrombosis with thrombocyto-
penia syndrome (TTS) cases after administrations of 
Vaxzevria and the impact on use in the European Union 

and European Economic Area before and after regula-
tory actions were taken by the EMA Pharmacovigilance 
Risk Assessment Committee. (Courtesy EMA)

be contextualized with the benefits associated 
with vaccination at a personal and population 
level and with the specificities of the emer-
gency and public health needs. This is the case 
for very rare adverse events, such as thrombo-
sis with thrombocytopenia syndrome (TTS) 
or myocarditis, which have been associated 
with some SARS-CoV vaccines (Greinacher 
et al. 2021). In the context of the high morbid-
ity and mortality associated with the disease 
and the high expected benefits of the vaccines 
against severe outcomes and death, the bene-
fit/risk ratio is still considered strongly posi-
tive. Risk contextualization is normally 
performed by Public Health Authorities and 
National Immunization Technical Advisory 
Groups (NITAGs), which decide on the most 
appropriate vaccination strategies for the spe-
cific situation at country level (Donadel et al. 
2021) (. Fig. 3).

5  Regulatory Communications 
and Stakeholder Exchange

All these aspects highlight the importance of 
early engagement of  the product manufac-
turer with regulatory agencies to mutually 
agree on the data needed regarding product 
quality, nonclinical safety, and proof-of- 

concept studies, as well as clinical studies to 
determine the optimal dose and dose regimen 
and to demonstrate the safety and effective-
ness of  the product. Regulatory agencies 
from countries where the initial clinical stud-
ies will be conducted are likely to be more 
engaged in early product development discus-
sions with developers. However, it is impor-
tant to expand such interactions to a broader 
set of  regulators to assure that there is con-
sensus from the global regulatory community 
on the type of  testing and clinical studies 
required to support licensure of  products. In 
particular, regulators from regions where an 
emerging pathogen is likely to cause disease 
outbreaks, e.g., Lassa fever in Western Africa, 
should be consulted and made aware early of 
the development plans. As examples of  inter-
national collaborations between regulators, 
U.S. FDA, EMA, and other regulators regu-
larly discuss topics related to vaccines and 
antibacterial or antiviral agents, including 
advice to developers on countermeasures 
against emergent pathogens. WHO has also 
played a significant role in hosting discussion 
among regulators from different parts of  the 
world and connecting them with established 
regional clusters of  regulators, such as the 
African Vaccine Regulatory Forum 
(AVAREF).
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During the COVID-19 pandemic, the role 
of the International Coalition of Medicines 
Regulatory Authorities (ICMRA) has been 
growing as a forum where alignment among 
regulators from different parts of the world 
can be reached on the requirements for 
advancing vaccines and therapeutics for tack-
ling the pandemic. Workshops have been 
hosted by ICMRA to discuss vaccines devel-
opment for COVID-19, from requirements for 
early clinical studies to design of late-stage 
clinical trials. In addition, regulators from 
around the world discussed the global regula-
tory response to the emergence of 
 SARS- COV2 variants, especially Omicron. 
As an example, a meeting was convened at the 
time of Omicron spread to review available 
evidence for the effectiveness of the approved 
COVID-19 vaccines against the Omicron vari-
ant and reach alignment on the key regulatory 
requirements to support development of a 
possible adapted vaccine. Participants from 
the 24 members and 13 associated members 
and experts from WHO agreed that clinical 
data are needed for approving an updated 
vaccine and that different strategies should be 
considered in terms of vaccine composition. 
The decision to switch manufacturing to a dif-
ferent strain should ideally be reached at a 
global level and should not only be a regula-
tory decision, even if  regulators are in the 
front line discussing their proposals with 
developers. These workshops underline the 
power of ICMRA’s leadership in achieving 
alignment between regulators to expedite and 
streamline global development and authoriza-
tion of new or modified COVID-19 vaccines 
against emerging coronavirus variants.

It is important to ensure optimum coordi-
nation and communication on the role of 
regulators in medicines approval and safety 
monitoring, in complement to the role of 
public health authorities and national com-
mittees on immunization (NITAGs). 

NITAGs determine the vaccination strategy 
at national level, as this can become espe-
cially challenging during a major crisis with 
high media interest in spotting and pointing 
out differences in the decisions made by pub-
lic health decision makers in different coun-
tries. Risk communication and transparency 
on emerging issues during a crisis implies 
communicating uncertainty, highlighting the 
preliminary nature of  interim results, and 
conveying the need to further collect and 
analyze data. This is not easy to convey, and 
it is further complicated because preliminary 
findings resonate in social media after mak-
ing it into headlines. Furthermore, prompt 
and timely communication outside the time-
lines for standard regulatory procedures 
must sometimes be considered, as, for exam-
ple, was done by EMA in the EU for iver-
mectin.

The rapid emergence of COVID-19 con-
fronted health authorities, the healthcare 
community, and policy makers with the press-
ing need for an agile system to support devel-
opment of in vitro diagnostics to test for the 
presence of the causative agent or the body’s 
immune response to the pathogen. A more 
structured discussion among regulators on 
performance of in  vitro diagnostics has 
emerged as an often-neglected area that would 
require a more coherent global discussion.

In addition to having products advance to 
later stage clinical development ahead of an 
epidemic or pandemic, approaches for grant-
ing approval even without efficacy data which 
could only be gathered during an epidemic 
have been proposed in order to facilitate early 
use of the product. As such an approach pres-
ents several scientific challenges, robust inter-
action between the scientific community, 
regulators, and public health authorities from 
different regions will be essential to define the 
best ways to advance regulatory science for 
better preparedness and response.
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Box 1: International Coalition of Medicines Regulatory Authorities (ICMRA)
The mission of  ICMRA is to safeguard public 
health by facilitating strategic leadership and 
greater cooperation among international med-
icines authorities on shared regulatory issues 
and challenges (. Fig. 4).

Main objectives. ICMRA promotes interna-
tional cooperation among medicines regulatory 
authorities to strengthen global dialogue, facili-
tate the wider exchange of reliable and compa-
rable information, encourage greater leveraging 
of resources and joint work between authorities, 
and advocate for better informed, risk-based 
allocation of authorities’ resources and deeper 
collaboration among them. The group also 
addresses current and emerging human medi-
cine regulatory and safety challenges. These 
efforts aim to strengthen the quality, safety, and 
efficacy of medicinal products globally.

Main working areas. There are currently 
several ICMRA projects on antimicrobial 
resistance, communications, drug shortages, 
innovation, pharmacovigilance, public health 
response, and supply chain integrity.

COVID-19 response, emergency response. 
ICMRA members and WHO have closely col-
laborated to address the public health needs 
posed by the COVID- 19 pandemic, looking for 
alignment and convergence on regulatory and 
scientific aspects during early stages of  thera-
peutic and vaccine development, including 
clinical trials and requirements to support 
approvals. ICMRA provided an agile platform 

for rapid sharing and follow-up on safety and 
efficacy of  vaccines and therapeutics by:

 5 Working to prioritize well-designed clinical 
trials that will provide robust and reliable 
results.

 5 Ensuring that there are meaningful and sci-
entifically sound endpoints and safety data 
of  sufficient duration in clinical trials.

 5 Sharing data between regulators in real 
time to facilitate multi-country approvals.

 5 Putting in place processes and policies uti-
lizing the principles of  regulatory agility by 
ICMRA members and WHO member 
states, providing an agile and rapid 
response to the global emergency.

Cooperation during the pandemic followed 
earlier guidance by ICMRA on standard oper-
ating procedures for regulatory cooperation 
during global health crises, the first systematic 
effort of  its kind (ICMRA 2019; WHO-
ICMRA 2020).

Membership and governance. ICMRA 
brings together 38 regulatory authorities rep-
resenting all global regions, as well as WHO as 
a Standing Observer. ICMRA strategy recom-
mendations and initiatives are adopted and 
supported by the wider membership, with an 
Executive Committee responsible for the over-
all direction and governance issues.

More information. 7 https://www. icmra. 
info/drupal/
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5.1  Additional Considerations 
on Chemistry, Manufacturing, 
and Controls

Beyond the conduct of preclinical and clinical 
studies, manufacturing scale up is a crucial 
area that requires intense dialogue with regula-
tors from early in product development. Fine 
tuning and validation of the production pro-
cess as it scales up through trial phases and 
into quantities needed for commercial release 
for consistent, high quality medicinal products 
is integral to meeting regulatory requirements. 
Early, frequent engagement, including confir-
mation of site readiness, is critical for rapid 
approvals of medicinal products, especially 
complex biologics like vaccines. As seen during 
the COVID-19 pandemic, in some cases, the 
CMC package, manufacturing readiness, and 
supply chain management dramatically lagged 
behind clinical development (Aars et al. 2021). 
In a pandemic, however, where positive interim 
clinical trial read-outs facilitate early approval, 
immature CMC packages or late supply chain 
planning can delay approval and supply, 
respectively (LaFraniere et al. 2021).

Even with promising clinical data, a cer-
tain threshold of CMC data and manufactur-
ing readiness is required to commence review. 
Administrative issues, such as inaccurately 
translated and incorrectly structured docu-
ments, increased the review time during 
COVID.  For life-cycle management, regular 
interactions facilitate streamlined, timely 
approvals of post-approval changes, reducing 
bottlenecks of this kind. The authorized 
COVID-19 vaccines benefited from existing 
CMC flexibilities to facilitate the risk-benefit 
evaluation, since the incomplete data package 
regarding risks could be supplemented with 
development data for similar products with a 
plan to file any remaining data post-approval.

For the approved COVID-19 vaccines, 
major objections raised during review 
included comparability of the commercial 
product to that used in clinical trials, valida-
tion of the commercial manufacturing pro-
cess to demonstrate product reproducibility, 
and product stability data (Wagner et  al. 
2021). Product-specific flexibilities have been 

tailored to the situation: For example, experi-
enced developers could leverage prior knowl-
edge from similar production platforms or 
manufacturing experience from clinical/pilot 
manufacturing site(s) where commercial pro-
cess validation was incomplete. Regulators 
regard good product understanding when 
demonstrated through characterization data 
and appropriate analytical technology as a 
prerequisite to a flexible process validation 
approach; product quality can then be reliably 
monitored as part of routine batch release 
specifications.

A host of other issues are under discus-
sion:

 5 Substantial site investment by companies 
is done “at risk” in the pandemic, even 
before knowing the results of key clinical 
trials. This investment by companies, 
including third-party production sites, is 
critical to facilitating rapid authorization 
and ensuring sufficient, timely post- 
authorization manufacturing capacity and 
resilience.

 5 Good manufacturing practice (GMP) 
describes the production standard for 
medicines and ensures their consistent 
high quality. It applies both to commercial 
production of COVID-19 vaccines and 
generation of key site-specific data before 
vaccine authorization. Inspections to ver-
ify compliance with these standards are 
normally conducted (ICH 2022).

 5 During a pandemic, as seen with COVID-
 19, travel restrictions can mean that virtual 
inspections, extensive interactions, and 
reliance on inspections by trusted interna-
tional partners often replaced on-site 
inspections by each licensing body. The 
validity of existing GMP certificates was 
also extended. Although a risk-based 
approach was used to permit virtual 
inspections, sometimes on-site inspections 
are still required, as with new sites and 
activities, where major issues highlighted 
justifying the early engagement on GMP to 
facilitate this. During the COVID-19 pan-
demic, however, the successful conduct of 
required inspections in certain places has 
proven to be a major bottleneck for advanc-
ing the review of biological products, 
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including vaccines. This has caused tangi-
ble delays in approval and demonstrated 
that manufacturing options and a careful 
choice of production facilities need to be 
considered as early as possible to minimize 
potential hurdles for GMP certification.

 5 Experience has demonstrated that com-
mercial production sites and supplies of 
many raw materials—those for both bio-
logics production and for packaging and 
distribution—are initially insufficient to 
satisfy the exceptional demand for vaccine 
in a pandemic situation. Therefore, a well- 
mapped plan for scale-up of production 
and QC testing should be formulated before 
initial submissions to regulators. Advance 
planning to prevent such delays should also 
be part of pandemic preparedness.

A plan allows prioritization of critical post-
approval changes, understanding the need for 
inspection, and helps to avoid regulatory review 
bottlenecks. To streamline and accelerate 
changes further, applicants can make use of 
post-approval change management protocols, 
most optimally included in the initial market-
ing authorization application dossier. This way 
conditions and criteria for introduction of cer-
tain types of future changes can be predefined.

Timely consideration of data requirements 
for improvements to storage and transport 
conditions, packaging, formulation, and dos-
ing can facilitate early approval.

Differing regional CMC requirements 
have challenged global COVID-19 vaccine 
development and supply. Regulatory require-
ments are governed by varying legal frame-
works. However, opportunities for greater 
international collaboration including mutual 
reliance (for example, on determination that 
GMP requirements have been met) and initia-
tives for collaborative reviews are being 
explored, particularly within the context of 
the ICMRA, which also supports interactions 
between regulators and industry to further 
understand and exchange COVID-19 lessons 
learned, with the aim of continuing to ensure 
uninterrupted supply of medicinal products 
to patients. In the meantime, ad hoc interac-
tions between regions on CMC are beneficial. 
Companies are encouraged to share advice 

received from other regions with regulators so 
that differences can be resolved jointly.

6  Concluding Remarks

The serious impact of public health emergen-
cies on human life in the absence of effective 
therapies warrants moving forward with pre-
clinical and clinical development and testing 
in the most expedited manner. Advances in 
manufacturing and technologies as well as 
clinical trial design create new opportunities 
for faster access to life-saving products. Of 
critical importance is an efficient, scientifically 
sound regulatory evaluation of investigational 
therapies during public health emergencies. 
Experience gained during the Ebola outbreak 
in West Africa and the global COVID-19 pan-
demic indicate that the usual phased product 
development approach can be accelerated by 
leveraging quality and preclinical data derived 
from studies conducted on interventions pro-
duced with the same technologies, novel clini-
cal trial designs, and careful risk/benefit 
considerations that take into consideration 
the severity of the disease. In such emergency 
settings, it may be appropriate to accept 
greater-than-usual degrees of uncertainty and 
risk in order to move rapidly to clinical trials, 
with the goal of getting safe and effective 
therapies to patients sooner (Singh 2020).

To ensure that studies will meet licensure 
requirements, including requirements for ethi-
cal conduct, close collaboration between pub-
lic health authorities, national regulatory 
authorities, the community, clinical investiga-
tors, and the developers is essential.

It is critical that developers and sponsors 
of studies with investigational agents not only 
engage early in development with regulators 
to reach agreement on the development and 
licensure pathway but also to continue regular 
interactions with regulatory agencies.

Indeed, the importance of proactive discus-
sions with regulators has often been underval-
ued, even though it is of critical importance to 
assure the successful advancement and avail-
ability of therapies, diagnostics, and vaccines. 
Regulators understand the impact of their 
decisions and, based on the experience gained 
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throughout a number of emergencies, continu-
ously reflect on how to improve their efficiency 
and effectiveness in responding to the public 
health needs. In addition, the regulator’s ability 
to successfully interact with other stakehold-
ers, beyond the established interface with man-
ufacturers, has proven to be paramount for 
achieving tangible progress in the containment 
of the crisis. Moreover, the nature of the 
emerging threats, i.e., a global pandemic or an 
initially localized outbreak, requires that regu-
lators from different geographical regions 
come together and share views so as to 
strengthen the regulatory response and avoid 
divergent or inconsistent sets of requirements 
that would slow down the development and 
ultimately the access to these countermeasures.

Overall, each public health crisis will be 
different in some or many aspects and a flexi-
ble approach toward response and ways of 
studying the impact of medical interventions 
will be required. This calls for a coordinated 
discussion of lessons learned from the recent 
epidemic and pandemic to inform how clini-
cal practice, research and development activi-
ties, clinical trials, and observational research 
can be rapidly and effectively implemented in 
any future epidemic.

? Discussion Questions
Short Questions
 1. What are some of  the responsibilities of 

regulatory agencies in research responses 
to emerging and re-emerging infectious 
diseases?

 2. What issues have hindered the timely gen-
eration of safety and efficacy data ade-
quate to meet regulatory requirements?

 3. How have study designs been adapted to 
meet the challenges of an abbreviated 
timeline during a public health emer-
gency?

 4. How can information derived from pre-
clinical studies on similar products 
based on the same platform be used to 
support the safe and effective use of  a 
medicinal product in an emergency?

 5. What special populations need to be 
considered when designing clinical 
studies for experimental medicinal 
products in an emergency?

Long Questions
 1. Discuss actions that can be taken in 

advance of  a pandemic to better prepare 
for response to novel and re-emerging 
pathogens with pandemic potential.

 2. What are some of  the challenges of  bal-
ancing the need to produce reliable evi-
dence expeditiously and meeting 
regulatory standards for safe conduct of 
trials and robust safety assessment of 
medical interventions?

 3. Discuss the roles of ethics committees and 
(principal) investigators implementing tri-
als in upholding clinical trial standards.

 4. Describe some practical issues encoun-
tered for chemistry, manufacturing, and 
controls (CMC) by stakeholders pro-
ducing medicines for pandemics.

 5. What are some key lessons of  recent epi-
demics and pandemics for regulators?
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Learning Objectives
This chapter will help readers understand and 
describe

 5 Principles, ethical issues, history, and cur-
rent landscape of data sharing between sci-
entists and nations during an EID 
emergency

 5 Search and analysis criteria for identifying 
a virus sequence in a database

 5 Why some researchers are reluctant to share 
high-volume data and the steps introduced 
by GISAID to address this

 5 Benefits of aggregating COVID-19 clinical 
data into a large, standardized data set, as 
ISARIC is doing

 5 Ethical and legal challenges of data sharing
 5 FAIR (findable, accessible, interoperable, 

and reusable) principles for data sharing
 5 Recommendations for coordinated data 

sharing during public health emergencies

1  Introduction

On March 14, 2000, the president of the 
United States and the prime minister of the 
United Kingdom made a joint statement to 
celebrate the release of the first draft of the 
human genome (White House 2000). They 
recognized the project as one of the most sig-
nificant scientific achievements of all time and 
as the foundation for developing new mea-
sures to prevent, treat, and, in some cases, 
eliminate disease. They also applauded the 
decision of the scientists involved to share the 
raw, fundamental DNA sequence and its vari-
ants rapidly and unencumbered in the public 
domain (Human Genome Project informa-
tion archive 1990–2003 2019). They com-
mended the policy of open sharing as an 
example to other scientists to promote new 
discoveries and enhance the quality of life for 
all humankind.

The formal leaders’ announcement recog-
nized a set of principles that had been infor-
mally agreed between genomic scientists over 
the previous decade and set out in statements 
of intent that include the Bermuda Principles 
and Fort Lauderdale Agreement (Maxson 

Jones et al. 2018; Wellcome Trust 2003). These 
statements, which predate widespread discus-
sions of open access to research publications, 
promote the concept that science is improved 
through the unencumbered sharing of 
research data and that greater efficiencies and 
benefits would be achieved if  those data were 
shared in a timely, standardized manner. The 
Bermuda Principles also introduced the con-
cept of “community resources,” whereby a tri-
partite of research producers, research users, 
and research funders agree to produce open 
and accessible research resources that benefit 
science (Wellcome Trust 2003).

In subsequent decades, similar principles 
of open access to research publications and 
open access to the data that underly those 
publications have been developed, adopted, 
and promoted as representing good research 
practice. Many research funding agencies and 
journal editors have supported these concepts 
by formalizing them as requirements into 
their funding agreements and submission pro-
cesses.

In a parallel development, as many other 
types of health data, not just those collected 
under a research protocol, became digitized in 
one form or another, the aggregation and 
sharing of those data rapidly and at marginal 
cost became a reality. Such data access and 
analysis have created a wide range of poten-
tial benefits. For example, electronic health 
records have enabled greater integration 
across different levels of a healthcare system, 
improving clinical care and facilitating more 
pragmatic advances, such as administration 
of invoicing to cover care costs (Kruse et al. 
2018).

This rich seam of digital health data from 
care provision and research is seen as a valu-
able public health asset and a public good. 
These data often have commercial value, and 
countries consider them natural resources, 
contributing to their sovereign wealth. Those 
spending time and resources curating and 
analyzing data want recognition and rewards 
for their efforts; others raise concerns over 
data misuse and intrusion on privacy. A whole 
industry has grown up to develop software 
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and standards to support the development of 
data management—there are more than 900 
standards in the life sciences alone. This 
growth in data as a commodity plays out 
against a backdrop of global inequity, where 
richer countries have a greater capacity to set 
the research agenda, analyze, and exploit 
data. Poorer countries with limited resources 
and lower research capacity often object to 
what seems to be a one-way flow in which they 
are excluded from the benefits of that analysis 
(i.e., they are not invited to collaborate on the 
research or as co-authors of resulting publica-
tions). In addition, lower-income countries 
see themselves excluded from the very health 
products, such as vaccines, which may have 
been developed with data derived in part from 
their own populations.

Thus, the environment within which data 
sharing now operates must contend with con-
flicting political, legal, commercial, ethical, 
and technical interests. What some consider 
favorable for academic progress, others may 
see as exploitation for the benefit of popula-
tions in high-income countries. To ensure pub-
lic health benefits are fully realized, progress 
toward a more equitable and efficient system 
of health data usage, reuse, and analysis will 
require active engagement and negotiation 
with all parties. However, the challenge of 
reaching such a global agreement highlights 
the absence of strong international mecha-
nisms to create global goods with health data. 
While there are numerous calls from within 
the UN and international funding bodies for 
researchers and countries to “do the right 
thing,” improving the health data system will 
require systems thinking (UNESCO 2021; 
Wellome Trust 2020; WHO 2022e).

2  The Impact of Pandemic 
Diseases on Health Data Sharing

So, a question arises as to whether a global 
threat, such as the COVID-19 pandemic that 
emerged in December 2019, was a strong 
enough incentive to overcome these national 

and localized interests that inhibit efficient 
sharing of data. Did we see changes in coop-
erative behavior that might unlock the current 
impasse? Are there examples of good practice 
that need to be identified and built on as we go 
forward?

The simple answer is that the COVID-19 
pandemic has highlighted both good and 
poor practices. There were improvements in 
some areas, such as greater access to pub-
lished literature through the temporary 
removal of subscription paywalls, even as fur-
ther evidence of yawning global inequities 
became evident, for example, in unequal 
access to the health products enabled through 
the sharing of health data. Dr. Tedros 
Adhanom Ghebreyesus, the Director General 
of the World Health Organization (WHO), 
described the unequal distribution of vaccines 
as putting the world on the brink of a moral 
catastrophe (WHO 2021).

3  The Utility of Viral Sequences

With respect to data sharing, perhaps the 
highest-profile success in the COVID-19 pan-
demic has been the rapid sharing of viral 
sequences. The practice of sharing raw 
sequence data established under the Human 
Genome Project enabled the relatively swift 
attribution of the new respiratory disease that 
emerged from Wuhan, China, in December 
2019 to a coronavirus, provisionally named 
2019 nCov. Early publication of the virus 
genome sequence enabled the U.S.  National 
Institutes of Allergy and Infectious Diseases 
(NIAID) and the German biotechnology firm 
BioNTech to create messenger RNA (mRNA) 
vaccine candidates very quickly. The achieve-
ment was based on years of research on coro-
naviruses, including the severe acute 
respiratory syndrome coronavirus 1 (SARS- 
CoV- 1), and separate research on adapting 
mRNA for use in vaccines. Other vaccine can-
didates produced through other methods also 
benefited from the rapid publication of the 
genome. Yet it is easy to imagine scenarios in 
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which a virus genome is not rapidly shared. 
The place where it emerges may not have the 
capacity to identify and sequence a new virus, 
or political leadership may decide, for any of 
a number of reasons, not to share the sequence, 
perhaps not even to admit to the presence of 
an outbreak or novel pathogen.

Even as preclinical and clinical work on 
the new vaccine candidates was beginning, by 
early March 2020, the new virus had been 
placed in the species severe acute respiratory 
syndrome-related coronavirus by taxonomists. 
This is the same species as severe acute respi-
ratory syndrome coronavirus (SARS-CoV, 
now called SARS-CoV-1), which caused an 
outbreak in 2003. The 2019 nCoV virus was 
named SARS-CoV-2 accordingly, while the 
disease and pandemic caused by the new virus 
were subsequently called coronavirus disease 
2019, or COVID-19 (Coronaviridae Study 
Group of the International Committee on 
Taxonomy of Viruses 2020).

The process of identifying a virus from its 
sequence requires many elements to be in 
place to search across hundreds of different 
databases. A special search function, the Basic 
Local Alignment Search Tool (BLAST) and 
related software, finds regions of similarity 
between biological sequences and analyzes 
and calculates the statistical match of a new 
sequence of nucleotides or protein sequences 
against a library of sequences stored in a wide 
range of databases (NIH 2022a). These data-
bases contain sequences collected and isolated 
from various sources, including animal vec-
tors (e.g., bats, mosquitoes), human subjects 
receiving care or participating in clinical tri-
als, and other sources such as food, wastewa-
ter, or the environment (Alföldi and 
Lindblad-Toh 2013). The numerical scale of 
such searching and matching is vast: SARS- 

CoV- 2 has approximately 30,000 base pairs, 
while a typical mammalian genome has 3 bil-
lion base pairs, making cross-species compari-
sons extremely complex (Albery et al. 2021). 
For example, the International Nucleotide 
Sequence Database Collaboration (INSDC) 
was estimated in 2018 to contain quadrillions 
(>1015) of nucleotides from over 300,000 
organisms and to double about every 
18  months (INSDC 2021). The National 
Center for Biological Information (NCBI) 
alone had over 6,000,000 nucleotide records 
on SARS-CoV-2 by August 2022 (NIH 
2022b).

That a BLAST search can find matches for 
a virus needle in such an enormous haystack 
within seconds illustrates the power and effi-
ciency enabled by data sharing when it is done 
well. Many elements must be in place to make 
such a system operate, including rich meta-
data and a summary record that describes the 
data set that can be read by a computer using 
a specialized search engine tool via the 
Internet. Access to the data set must be unre-
stricted, and the data must be formatted 
against a set of standards that enables com-
parison and subsequent identification as a 
known virus, a variant, or a new virus. 
Anything that reduces findability, accessibil-
ity, interoperability, or reuse reduces the value 
or utility of the resource and the subsequent 
analysis and benefit it can generate. These 
technical requirements form the basis of the 
FAIR (findable, accessible, interoperable, and 
reusable) principles (. Fig. 1), which are now 
considered the baseline for creating useful 
data-sharing initiatives (Wilkinson et  al. 
2016). The need for holistic or systems-based 
approaches to develop effective data-sharing 
mechanisms seems clear.
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       . Fig. 1 The FAIR guiding principles. (Wilkinson et al. 2016)

4  Sharing Data

In using large data sets, the game changer has 
been Internet-enabled digital access and the 
computer algorithms that interrogate the 
data. The more automatic and open the pro-
cess is, the greater the efficiency. Openness of 
access and reuse means data can be compared 
across multiple sites. Such a system builds in 
community-based quality assurance through 
the comparison of data with other data sets in 
other databases. Any process steps that reduce 
this flow, such as manual registration to access 
the data, review of access requests by commit-
tee, or requirements to seek agreement for 
each reuse by the data originator, reduce the 
efficiency of the process and the utility of the 
data. Essentially, the greater the ongoing 
human input required in the workflow, the less 
effective the process becomes.

However, this minimalist approach, while 
working well for sharing raw sequence data, is 
not universally scalable to all forms of health 
data. As data become more complex and 
include associated personal identifiers, such as 
medical records, sharing mechanisms must 
include governance arrangements that man-
age the related ethical and legal requirements 
to protect the rights and privacy of individu-

als. These arrangements must be coupled with 
positive political will and research culture to 
share those data and must exclude commer-
cial interests that wish to protect the intellec-
tual property within those data.

Experience shows that another major bar-
rier to high-volume data sharing is the reluc-
tance of the researchers themselves. Although 
data sharing is required by several research 
funders in their terms and conditions for 
grants, researchers often do not feel they are 
sufficiently benefitted by sharing the data. 
They have to spend time and funds cleaning 
the data and preparing it for sharing, and may 
be skeptical about whether the utility of the 
shared data for secondary analysis matches 
the effort required to prepare the data for 
sharing (i.e., the value of the secondary analy-
sis is low). Researchers also fear that others 
might find errors in their data or undertake a 
secondary analysis that is better than the orig-
inal work or, worse, contradicts the original 
findings.

This reluctance to share may be felt most 
keenly by researchers in low- and middle- 
income countries with lower infrastructure 
capacity for data management and analysis. 
They may have previous experience with get-
ting what they believe is insufficient attention 
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and credit for their research. High-capacity 
research teams in the Global North can 
absorb and analyze data from the South, leav-
ing researchers in low- and middle-income 
countries feeling more like data exporters 
than partners in data sharing (Hate et  al. 
2015).

A similar picture emerges at the national 
level. An example of this sort of inequity was 
highlighted by the government of Indonesia 
in 2007, which felt that while it supplied data 
on the influenza virus H5N1 to researchers in 
WHO Collaborating Centers, the resulting 
commercial vaccines would not be available in 
developing countries (WHO 2007).

For data sharing during pandemics caused 
by influenza, Ebola, and COVID-19, the 
debate on openness has surfaced several times 
with researchers calling for a greater degree of 
openness in data sharing (Van Noorden 2021; 
Yozwiak et al. 2015).

4.1  Mechanisms for Sharing Data

One approach to address the lack of attribu-
tion and benefit sharing was developed by the 
Global Initiative on Sharing All Influenza 
Data (GISAID) launched at the World Health 
Assembly in 2006 (GISAID 2022). GISAID 
introduced several steps in both depositing 
and using genome sequences on its site, 
including (1) a registration step so that users 
could be identified as bona fide researchers 
and (2) a data access agreement (DAA) that 
requires use of a specific format to acknowl-
edge data depositors in citations with a unique 
identifier or accession number. GISAID 
began with a focus on influenza, adapted its 
system to include COVID-19, and in 
November 2021 had over 5.1 million genome 
sequence submissions. During the COVID-19 
pandemic, the GISAID resource became one 
of the most reliable resources for tracking the 
spread of COVID-19 and all its variants 
(Maxmen 2021). Many researchers and their 
governments point to the terms of the DAA 
as providing reassurance on control of their 
data when sharing on this platform (Wilkinson 
et al. 2016).

But GISAID’s efforts to address benefit 
sharing through a requirement for attribution 
and collaboration have received criticism for 
reducing data openness and the ability to pro-
vide quality assurance by comparing the 
underlying raw sequence with other databases 
(Heard et al. 2022). So, in achieving one target 
to serve pressing public health objectives 
through viral monitoring, other research ben-
efits through openly sharing data without 
restrictions have been reduced. In time, a 
comprehensive review will be needed to under-
stand the full impact of these trade-offs and 
the true value of the differences in the gover-
nance arrangements for these genomic 
resources. For example, a meta-analysis across 
all the SARS-Cov-2 records in GISAID as of 
January 2021 indicates that the data may 
 suffer from geographical and gender bias and 
poor quality of the data entered where man-
ual entry is relied upon. The article was later 
retracted because it was found to violate 
GISAID terms of usage, another barrier to 
openness (Zelenova et al. 2021, 2022).

Such reduced interoperability and reuse 
would present a problem even within a disci-
pline or a single domain but is seen more 
acutely when a multidisciplinary response is 
essential. In health, particularly when under-
standing a new and emerging disease, the 
value of integration is being able to make 
associations between the basic sequence infor-
mation of a new pathogen, identification of 
isolates from different hosts and vectors, and 
the trajectory and etiology of the disease as it 
infects humans. This interconnectivity is dem-
onstrated by the COVID-19 Data Portal 
(. Fig. 2) (COVID-19 data portal 2022).

Recording the pathology of a disease in 
patients increases the complexity and volume 
of the data collected by adding the physiolog-
ical, biochemical, and imaging measures 
included in case reports, patient records, diag-
nostic and clinical procedures, and research 
protocols if  applicable. The use of  data linked 
to an identifiable person enormously compli-
cates the need to protect patient privacy in 
accordance with ethical and legal frame-
works, complexities further multiplied 
because data from different countries will 
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       . Fig. 3 Benefits and costs of  different levels of  data sharing. (Pisani et al. 2016)

need to meet differing requirements—even 
without considering the format of  the data 
submitted (. Fig. 3).

Data platforms that address ethical obsta-
cles to sharing individual patient data (IPD) 
have been established. For data collected on the 
Ebola outbreak in 2016, a platform to share 
resources from Guinea, Liberia, and Sierra 
Leone was established at the Oxford University-
based Infectious Diseases Data Observatory 
(IDDO) (2023). Developing this resource 
required extensive work to create a governance 
mechanism through a data access committee 
overseen by a steering committee. Standing 
ethical approval was obtained from the three 
countries contributing data which included a 
number of records provided by Médecins Sans 
Frontières. Following public consultation, a 
research agenda was developed to describe the 
general areas of research these data could be 
used for and a set of standard operating proce-
dures to manage access and create data transfer 
agreements. The data required extensive cura-
tion. By mid-2022, seven applications for sec-
ondary analysis had been approved, all of 
which included researchers from Ebola 
endemic countries as a condition of access. 
More applications are anticipated, but the plat-
form has exhausted its initial funding. Access 
to the resource is free, but clearly sustainability 
of such resources, which require funding for 
governance, cannot be guaranteed with a 
grant-based approach to funding.

For COVID-19, the International Severe 
Acute Respiratory and Emerging Infection 

Consortium (ISARIC), also based in Oxford 
and in partnership with IDDO, established 
the COVID-19 Clinical Database for individ-
ual patient (or participant) data (IPD) of hos-
pitalized cases (or clinical trial volunteers). 
This resource quickly grew to include close to 
700,000 individual records from nearly 800 
sites in 66 countries, of which half  include 
records from low- and middle-income coun-
tries (ISARIC 2022). By the end of 2021, 
more than 50 studies had been published 
while others were pending. The aggregation 
of these data into such a large standardized 
data set has enabled statistically powerful 
research to identify different case definitions 
linked to age and sex, links with comorbidity, 
and regular reporting of clinical findings 
across the whole data set, which have been 
rapidly disseminated on the medRxiv preprint 
server (Baillie et al. 2022).

4.2  Rapidity vs. Equity?

A key feature of the dialogue on data and 
sample sharing, both in global health research 
and public health emergencies, is the ethical 
duty to share data as rapidly as possible 
(Modjarrad et al. 2016). In essence, the data 
informing the response to an outbreak 
becomes a global public good (Pisani et  al. 
2018). However, experiences from the 
2014–2016 West African Ebola outbreak and 
the 2015–2016 Zika outbreaks have revealed 
that the global public good argument alone is 
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not enough to ensure effective data sharing. 
Relevant policy instruments are also needed, 
including the further development of princi-
ples and global norms and the need for a 
growing body of evidence to inform appropri-
ate and inclusive governance arrangement for 
data sharing (Nuffield Council on Bioethics 
2020).

In a pandemic, data informing outbreak 
response becomes a global public good.

Despite major policy advances and a growing 
focus on preparedness in recent years, includ-
ing the ethical oversight of data sharing, sig-
nificant ethical challenges remain, particularly 
in terms of equity (Moorthy et  al. 2020; 
Saxena et  al. 2019). As already mentioned, 
these include (1) continuing asymmetries 
between the capacities of low- and middle-
income country and high-income country 
researchers, (2) continuing lack of credit or 
acknowledgment of data collectors and gen-
erators by secondary users of data, and (3) 

lack of benefits flowing back to communities 
and populations from which data was origi-
nally derived. Additionally, communities liv-
ing near the origin of an outbreak may face 
stigmatization, compounding the need for 
systematic capacity development to address 
some of the larger inequalities (Pratt and Bull 
2021).

There are still unresolved issues regarding 
broad consent models for data sharing and 
the need for additional components of the 
ethics and global infectious disease response 
ecosystem to support data-sharing policies 
and practices, including community engage-
ment and the development of trustworthy 
relationships (Nuffield Council on Bioethics 
2020). Recent analyses of data-sharing activi-
ties during epidemics and pandemics have 
also drawn attention to the fact that much of 
the ethical argument for sharing has focused 
on utility at the expense of other issues, par-
ticularly equity (Pratt and Bull 2021). Going 
forward, the scientific community must con-
sider whether the current ethical focus of the 
debate is correct, and whether we are making 
the right ethical trade-offs in both the argu-
ments about and the implementation of data- 
sharing policies and practices.

Another challenge is understanding 
whether and how specific populations are 
being excluded from the benefits of  data 
sharing because they are not included in the 
original research studies or other methods of 
data collection and analysis, for example, 
pregnant and lactating women, disadvan-
taged populations, etc. (Pratt and Bull 2021). 
Such exclusions and bias could lead to the 
development of  medical countermeasures 
(MCMs) that have not demonstrated their 
safety and efficacy in members of  the 
excluded groups. Then the question arises 
whether or not members of  those groups 
should use the MCMs in question, exacer-
bating preexisting inequalities. The exclusion 
of  pregnant women from many COVID-19 
vaccine trials is a case in point (Van Spall 
2021). In fact, sharing data can enable an 
aggregation of  enough participants from 
these excluded groups in a meta- analysis to 
bring them into research analysis.

Box 1: Key Messages from “Beyond Open Data: 
Realizing the  Health Benefits of  Sharing Data” 
(Pisani et al. 2016)

 5 Simple accessibility of  data is enough to 
promote research transparency, but 
public health gains require more com-
plex models.

 5 Meaningful and equitable collaboration 
with local researchers and policymakers 
in low- and middle-income countries is 
needed to ensure the right research 
questions get asked and research results 
are used.

 5 Useful data sharing requires long-term 
investment in infrastructure, networks, 
and scientific careers, including in the 
data sciences.

 5 It is not enough to share data: we need 
to share governance structures, scien-
tific questions and ideas, and 
 interpretation.

155
7 Research, Sample, and Data Sharing During Outbreaks, Pandemics, and Beyond



 

4.3  Legal Frameworks

The variety of legal frameworks that operate 
at a national or regional level also has a sig-
nificant impact on the practice of sharing 
health data. So, in many cases, is the lack of 
certainty about legal requirements. These are 
generally framed with the intention of protect-
ing individual rights, such as privacy or intel-
lectual property. As such, they tend to restrict 
and regulate, rather than enable greater shar-
ing. But there are exceptions. One example is 
the European Union (EU) General Data 
Protection Regulation (GDPR), which applies 
to activities in EU member countries but also 
imposes restrictions on use of data generated 
in the EU anywhere in the world. However, the 
stated objective of GDPR includes enabling 
innovation as well as protecting privacy rights 
through the standardization of privacy laws 
across EU member states and special deroga-
tions that exempt use of data for research. This 
objective may allow research on a subject’s 
data without consent and even for the transfer 
of those data to a third country without the 
need for additional terms and conditions 
(Article 6 EU GDPR “Lawfulness of process-
ing” 2022). However, for many researchers, the 
interpretation of GDPR and the full implica-
tions of its implementation remain to be seen, 
and a version of the precautionary principle, 
“Don’t share; you might get caught by GDPR” 
is still the primary concern (reference: EU 
workshop October 2021 awaiting report).

Global-level discussions have sought to 
determine whether an adaptation of the 
Nagoya protocol on access to genetic resources 
and the fair and equitable sharing of benefits 
arising from their utilization (Nagoya 
Protocol) to the Convention on Biological 
Diversity (CBD) might provide a legal basis to 
ensure the fair sharing of benefits that arise 
from the utilization of genetic resources, 
including pathogen samples and by extension 
genetic sequences.1 This is seen as one possible 

1 The Nagoya Protocol itself  does not specifically 
cover genetic sequences in the form of  data, not sur-
prisingly since at the time of  drafting (2010) they 
had less utility than they do now.

solution to concerns raised by, for example, 
Indonesia with respect to influenza (see 
above), but the Protocol requires each mem-
ber state to adopt its own legislative and regu-
latory framework to implement its 
provisions—something that remains a work in 
progress. At its World Health Assembly in 
May 2019, WHO member states agreed to 
explore this solution further (WHO 2022b). 
However, one challenge is that the CBD was 
never conceived as a rapid response mecha-
nism to encourage data sharing. The CBD 
takes a considered approach on how the use 
of a genetic resource, which has contributed 
or may contribute to commercial benefits 
(e.g., a product and any resulting income) 
might be fairly distributed among the inter-
ested parties. The CBD and Nagoya Protocol 
reflect the stance that there is value in the 
genetic resource and that the sovereign owner, 
either a country or community, has rights over 
the utilization of that material. But deciding 
on who owns what and the value of scientific 
research and development (R&D) to realize a 
concrete benefit is not an easy or rapid pro-
cess. The purpose of the Nagoya Protocol is 
to govern the sharing of benefits, not the rapid 
sharing of data—a purpose that runs counter 
to the concept of sharing health data as a 
public good with benefits to all. Some have 
expressed concern that even minor delays of 
weeks in deciding if  a locally isolated influ-
enza strain is covered by a national interpreta-
tion of the Nagoya Protocol could damage 
the long-standing global mechanism for 
selecting the flu strains required to manufac-
ture up-to-date seasonal influenza vaccines 
(GISAID 2019). Concern about possible 
delays will grow as the ability to develop vac-
cines and therapies is further streamlined 
(Pandemic Preparedness Partnership 2021).

Certainly, much more work is needed to 
determine if  the Nagoya Protocol can play an 
effective role. The need for a new pandemic 
treaty has been highlighted by WHO’s Director 
General (WHO 2022f). Countries in southern 
Africa were among those making the strongest 
calls for an international agreement. Following 
the identification and rapid sharing by 
Botswana and South Africa of a new variant 
of COVID-19, Omicron, a number of other 
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countries imposed travel restrictions on them. 
While the information they shared had a 
short-term impact in slowing the spread of 
Omicron, the wider impact on the lives and 
economy of the region was severe and felt by 
many to be unjustified, since such rapid and 
punitive action provides a major disincentive 
to share such information (Mallapaty 2021).

In December 2021, a special session of the 
WHO World Health Assembly established an 
Intergovernmental Negotiating Body to draft 
and negotiate a WHO convention, agreement, 
or other international instrument on pan-
demic prevention, preparedness, and response 
(INB) (WHO 2022h); in July 2022, the INB 
determined it would pursue a legally binding 
international treaty (WHO 2022a). One ele-
ment of these discussions was to establish a 
working group to explore the feasibility of 
adapting the International Health Regulations 
(WHO 2022d).

We conclude that to achieve optimal ben-
efit from data sharing, a systems or holistic 
approach is needed to address all the political, 
ethical, social (e.g., research culture), techni-
cal (e.g., meeting FAIR principles), legal, and 
economic (e.g., funding data platforms) chal-
lenges. . Table 1 summarizes how a selection 
of policy statements have tried to address 
these issues.

WHO has combined these principles into 
a framework for good practice in the sharing 
and reuse of health-related data for research. 
This framework combines the FAIR princi-
ples with an additional three, efficiency, ethics, 
and equity, which are defined as follows 
(GloPID-R 2018):

 5 Efficient. Any approach to data sharing 
should be aimed at enhancing/optimizing 
the quality and value of the use of those 
data and enabling their contribution to 
improving public health. Data sharing 
should be done as promptly and in as open 
a manner as possible, building on existing 
norms, policies, and practices and reduc-
ing unnecessary duplication and competi-
tion.

 5 Ethical. All data sharing should balance 
and protect the privacy of individuals and 
the dignity of communities while acknowl-
edging the imperative to improve public 

health through the most productive use of 
data.

 5 Equitable. Any approach to the sharing of 
data should recognize and balance the 
needs of participants and researchers who 
generate and use data; other analysts who 
might want to reuse those data; and those 
communities who expect health benefits to 
arise from research.

Health Data Research UK undertook a com-
prehensive mapping of participant-level 
COVID-19 data-sharing platforms, registries, 
and meta-registries against these principles to 
understand how far COVID-19 data resources 
have been able to apply to them and whether 
the pandemic has provided an impetus for 
improvement (HDR UK 2022). The effort 
identified 47 registries and 21 platforms (from 
an examined total of 132) that collected, 
curated, and provided access to these data to 
varying degrees across all languages between 
May 2020 and June 2021.2 These platforms 
and registries were then assessed using existing 
tools and algorithms to estimate FAIRness 
combined with a novel analysis to describe the 
utility of the resource (Knoppers 2014; Knop-
pers et al. 2011; WHO 2022c). The full data set, 
methods, and results are published, and only 
the conclusions are used here for discussion.

The Maxwell review shows how difficult it 
is to precisely define what the FAIR principles 
mean in every context, for example, when dif-
ferent data sets have varying levels of man-
aged access to identifiable patient data. It also 
highlights the need for greater review and 
monitoring of the use of these data platforms 
and registries to assess their utility and subse-
quent health benefit against some agreed mea-
sures. Since this survey was completed in June 

2 A platform combines big data tools and infrastruc-
ture. Major investment to continuously store, man-
age, and mine big data sets (e.g., OMICs, imaging 
data). It may contain one type of  data or various 
specified data types. A registry is a collection of  data 
physically stored in an assigned location, requiring a 
low level of  investment. Data were generally entered 
or uploaded using the same case report form/data 
dictionary and focus on a particular disease, condi-
tion, or exposure. Registries were generally one type 
of  data (HDR UK 2022).

157
7 Research, Sample, and Data Sharing During Outbreaks, Pandemics, and Beyond



 

.
       T

ab
le

 1
 

Su
m

m
ar

y 
of

 p
ri

nc
ip

le
s 

fr
om

 s
el

ec
te

d 
he

al
th

 d
at

a 
sh

ar
in

g 
fr

am
ew

or
ks

D
om

ai
n

G
lo

P
ID

-R
a  

P
ri

nc
ip

le
s 

of
 

S
ha

ri
ng

 D
at

a 
in

 P
ub

lic
 

H
ea

lt
h 

E
m

er
ge

nc
ie

s 
(G

lo
P

ID
-R

 2
01

8)

H
ea

lt
h 

D
at

a 
R

es
ea

rc
h 

U
K

 
C

O
V

ID
-1

9 
N

at
io

na
l C

or
e 

S
tu

di
es

 
D

at
a 

S
ha

ri
ng

 P
ri

nc
ip

le
s 

(H
D

R
 U

K
 

20
22

)

In
te

rn
at

io
na

l C
od

e 
of

 
C

on
du

ct
 fo

r 
D

at
a 

S
ha

ri
ng

 
in

 G
en

om
ic

 R
es

ea
rc

h 
(K

no
pp

er
s 

et
 a

l. 
20

11
)

G
A

4G
H

 F
ra

m
ew

or
k 

fo
r 

R
es

po
ns

ib
le

 S
ha

ri
ng

 o
f 

G
en

om
ic

 a
nd

 H
ea

lt
h-

 
R

el
at

ed
 D

at
a 

(K
no

pp
er

s 
20

14
)

C
A

R
E

 P
ri

nc
ip

le
s 

fo
r 

In
di

ge
no

us
 D

at
a 

G
ov

er
na

nc
e 

(C
ar

ro
ll 

et
 a

l. 
20

21
)

C
ol

la
bo

ra
ti

on
W

or
k 

co
lla

bo
ra

ti
ve

ly
 t

o 
ac

ti
ve

ly
 

sh
ar

e 
da

ta
 t

o 
al

lo
w

 t
he

 s
ci

en
ti

fic
 

co
m

m
un

it
y 

to
 p

oo
l e

xp
er

ti
se

, d
ra

w
 

fr
es

h 
in

si
gh

ts
, i

nc
re

as
e 

co
lle

ct
iv

e 
un

de
rs

ta
nd

in
g

Sh
ar

e 
go

ve
rn

an
ce

 b
et

w
ee

n 
fu

nd
er

s,
 g

en
er

at
or

s,
 a

nd
 

us
er

s 
of

 d
at

a.
 E

nc
ou

ra
ge

 
m

ec
ha

ni
sm

s 
fo

r 
in

te
ro

pe
r-

ab
ili

ty
 a

nd
 m

an
ag

em
en

t.
 

B
ui

ld
 c

ap
ac

it
y.

 R
ec

og
ni

ze
 

al
l d

at
a 

ge
ne

ra
to

rs

D
ed

ic
at

e 
ed

uc
at

io
n 

an
d 

tr
ai

ni
ng

 r
es

ou
rc

es
 t

o 
ad

va
nc

e 
da

ta
 s

ha
ri

ng
 

an
d 

da
ta

 m
an

ag
em

en
t 

to
 

im
pr

ov
e 

da
ta

 q
ua

lit
y 

an
d 

in
te

gr
it

y

FA
IR

 d
at

a 
(F

in
da

bl
e,

 
A

cc
es

si
bl

e,
 

In
te

ro
pe

ra
bl

e,
 

an
d 

R
eu

sa
bl

e)

A
cc

es
si

bi
lit

y.
 P

ub
lic

 h
ea

lt
h 

em
er

ge
nc

y 
(P

H
E

)-
re

la
te

d 
da

ta
 t

o 
be

 s
ha

re
d 

w
it

h 
m

in
im

al
 r

es
tr

ic
ti

on
s.

 U
se

 
co

nd
it

io
ns

 t
o 

be
 c

le
ar

ly
 

st
at

ed
. P

ro
vi

si
on

 a
nd

 u
se

 
of

 d
at

a 
w

it
h 

fa
ir

 t
re

at
m

en
t 

an
d 

re
co

gn
it

io
n 

of
 a

ll.
 

A
cc

es
s 

te
rm

s 
to

 r
efl

ec
t 

in
te

rn
at

io
na

l c
om

m
it

-
m

en
ts

 t
o 

be
ne

fit
s 

sh
ar

in
g

A
ll 

da
ta

, c
od

e,
 a

nd
 t

oo
ls

 g
en

er
at

ed
 

th
ro

ug
h 

st
ud

ie
s 

ar
e 

FA
IR

. R
es

ea
rc

h 
ou

tp
ut

s,
 o

bs
er

va
ti

on
s,

 c
od

e 
an

d 
to

ol
s 

ge
ne

ra
te

d 
to

 b
e 

op
en

 s
ou

rc
e,

 
ra

pi
dl

y 
an

d 
fr

ee
ly

 a
cc

es
si

bl
e 

as
 a

 
pu

bl
ic

 g
oo

d

A
cc

es
si

bi
lit

y.
 (

F
ac

ili
ta

ti
on

 
of

 d
at

a 
de

po
si

t 
an

d 
ac

ce
ss

. D
at

ab
as

es
 t

o 
pr

om
ot

e 
sh

ar
in

g 
fo

r 
m

ax
im

um
 v

al
ue

. 
H

ar
m

on
iz

at
io

n 
of

 
pr

oc
ed

ur
es

 fo
r 

de
po

si
t,

 
ac

ce
ss

 a
nd

 u
se

 p
ro

m
ot

es
 

ac
ce

ss
ib

ili
ty

, e
qu

it
y,

 a
nd

 
tr

an
sp

ar
en

cy
.)

E
th

ic
s

To
 b

ui
ld

 t
ru

st
 o

f 
al

l 
st

ak
eh

ol
de

rs
, o

bs
er

ve
 

ap
pl

ic
ab

le
 e

th
ic

al
 a

nd
 

le
ga

l s
ta

nd
ar

ds
: b

en
efi

-
ce

nc
e,

 r
es

pe
ct

 fo
r 

co
nfi

de
nt

ia
lit

y,
 p

ri
va

cy
 o

f 
in

di
vi

du
al

s,
 d

ig
ni

ty
 o

f 
co

m
m

un
it

ie
s,

 a
nd

 c
ul

tu
ra

l 
no

rm
s

C
on

se
nt

. U
nc

on
se

nt
ed

 d
at

a 
ac

ce
ss

ed
 t

hr
ou

gh
 s

ec
ur

e,
 a

cc
re

di
te

d 
pl

at
fo

rm
s 

or
 a

cc
re

di
te

d 
in

 p
ro

ce
ss

 
U

K
 S

ta
ti

st
ic

s 
A

ut
ho

ri
ty

M
ut

ua
l r

es
pe

ct
 a

m
on

g 
st

ak
eh

ol
de

rs
 b

as
ed

 o
n 

in
te

gr
it

y.
 F

or
es

ig
ht

 
m

ea
su

re
s 

to
 p

re
ve

nt
 h

ar
m

 
an

d 
m

ee
t 

pu
bl

ic
 c

on
ce

rn
s 

an
d 

sc
ie

nt
ifi

c 
ne

ed
s.

 
C

om
m

on
 p

ol
ic

ie
s,

 w
it

h 
cl

ea
r 

sa
nc

ti
on

s 
fo

r 
br

ea
ch

 
of

 r
eq

ui
re

m
en

ts

R
is

k-
B

en
efi

t 
A

na
ly

si
s.

 
M

in
im

iz
e 

ha
rm

s 
an

d 
m

ax
im

iz
e 

be
ne

fit
s 

fo
r 

da
ta

 p
ro

vi
de

rs
, s

oc
ie

ty
, 

an
d 

he
al

th
 c

ar
e 

sy
st

em
s.

 
Se

cu
ri

ty
. M

it
ig

at
e 

ri
sk

 o
f 

un
au

th
or

iz
ed

 a
cc

es
s,

 
da

ta
 lo

ss
, a

nd
 m

is
us

e

A
ll 

da
ta

 s
ha

ri
ng

 
sh

ou
ld

 p
ro

te
ct

 t
he

 
pr

iv
ac

y 
of

 in
di

vi
du

al
s 

an
d 

th
e 

di
gn

it
y 

of
 

co
m

m
un

it
ie

s,
 w

hi
le

 
re

sp
ec

ti
ng

 t
he

 n
ee

d 
to

 
im

pr
ov

e 
pu

bl
ic

 h
ea

lt
h 

th
ro

ug
h 

th
e 

m
os

t 
pr

od
uc

ti
ve

 u
se

 o
f 

da
ta

158 R. F. Terry and K. Littler



C
om

m
un

it
y 

en
ga

ge
m

en
t

E
qu

it
y.

 D
at

a 
av

ai
la

bl
e 

to
 

al
l i

nt
er

es
te

d 
pa

rt
ie

s 
du

ri
ng

 a
 p

ub
lic

 h
ea

lt
h 

em
er

ge
nc

y 
at

 lo
w

 o
r 

no
 

co
st

 t
o 

en
su

re
 e

qu
al

 a
cc

es
s 

to
 d

at
a 

ne
ed

ed
 t

o 
co

lla
bo

ra
te

 a
nd

 c
ol

le
ct

iv
e 

be
ne

fit
s 

to
 c

om
m

un
it

ie
s 

af
fe

ct
ed

 b
y 

a 
P

H
E

A
ct

iv
e 

an
d 

on
go

in
g 

en
ga

ge
m

en
t 

w
it

h 
pa

ti
en

ts
 a

nd
 p

ub
lic

 in
 d

es
ig

n,
 

de
ve

lo
pm

en
t,

 a
nd

 g
ov

er
na

nc
e 

to
 

en
su

re
 a

ct
iv

it
ie

s 
ar

e 
in

 p
ub

lic
 

in
te

re
st

A
cc

ou
nt

ab
ili

ty
. I

nt
er

-
ag

en
cy

 c
o-

op
er

at
io

n 
an

d 
fu

nd
in

g 
fo

r 
m

on
it

or
in

g 
an

d 
go

ve
rn

an
ce

. O
ng

oi
ng

 
pu

bl
ic

 e
ng

ag
em

en
t 

ta
ilo

re
d 

to
 t

he
 d

at
ab

as
e 

an
d 

lo
ca

l c
ul

tu
re

s

E
qu

it
y.

 D
at

a-
sh

ar
in

g 
ap

pr
oa

ch
 r

ec
og

ni
ze

s 
an

d 
ba

la
nc

es
 n

ee
ds

 o
f 

re
se

ar
ch

er
s 

ge
ne

ra
t-

in
g,

 u
si

ng
, a

nd
 r

eu
si

ng
 

da
ta

 a
nd

 c
om

m
un

it
ie

s 
an

d 
fu

nd
er

s 
ex

pe
ct

in
g 

he
al

th
 b

en
efi

ts
 f

ro
m

 
re

se
ar

ch

T
ra

ns
pa

re
nt

 
go

ve
rn

an
ce

P
ro

ce
ss

 fo
r 

sh
ar

in
g 

da
ta

 
an

d 
fa

ci
lit

at
in

g 
ac

ce
ss

 
cl

ea
rl

y 
ex

pl
ai

ne
d,

 
ou

tl
in

in
g 

ho
w

 a
nd

 w
he

n 
da

ta
 c

an
 b

e 
sh

ar
ed

 a
nd

 
de

fin
in

g 
as

so
ci

at
ed

 d
at

a 
de

sc
ri

pt
or

s

T
ra

ns
pa

re
nc

y 
in

 u
se

 o
f 

pe
rs

on
al

 
da

ta
. R

es
pe

ct
 in

di
vi

du
al

 p
ri

va
cy

 a
nd

 
co

nfi
de

nt
ia

lit
y,

 c
om

pl
yi

ng
 w

it
h 

le
ga

l 
re

qu
ir

em
en

ts
 a

nd
 e

th
ic

al
 g

ui
de

lin
es

P
ub

lic
 p

ol
ic

ie
s 

on
 

pu
bl

ic
at

io
n,

 in
te

lle
ct

ua
l 

pr
op

er
ty

, a
nd

 in
du

st
ry

 
in

vo
lv

em
en

t.
 W

eb
si

te
s 

al
lo

w
 p

ub
lic

 f
ee

db
ac

k

C
le

ar
ly

 d
efi

ne
d,

 
ac

ce
ss

ib
le

 in
fo

rm
at

io
n 

on
 p

ur
po

se
, p

ro
ce

du
re

s,
 

an
d 

go
ve

rn
an

ce
 

fr
am

ew
or

ks
 fo

r 
da

ta
 

sh
ar

in
g

C
om

pl
ia

nc
e 

w
it

h 
da

ta
 p

ro
te

ct
io

n 
la

w
s

T
ra

ns
pa

re
nt

 u
se

 o
f 

pe
rs

on
al

 d
at

a;
 

re
sp

ec
t 

fo
r 

pr
iv

ac
y 

an
d 

co
nfi

de
nt

ia
l-

it
y 

of
 in

di
vi

du
al

s 
(r

ep
ea

t 
of

 a
bo

ve
)

Se
cu

ri
ty

. T
ru

st
 a

nd
 

pr
om

ot
io

n 
of

 d
at

a 
sh

ar
in

g 
re

ly
 o

n 
so

un
d 

da
ta

 m
an

ag
em

en
t,

 
se

cu
ri

ty
, o

ve
rs

ig
ht

P
ri

va
cy

, d
at

a 
pr

ot
ec

ti
on

, 
co

nfi
de

nt
ia

lit
y.

 
C

om
pl

ia
nc

e 
w

it
h 

pr
iv

ac
y 

an
d 

da
ta

 p
ro

te
ct

io
n 

re
gu

la
ti

on
s

P
la

tf
or

m
 u

ti
lit

y 
an

d 
va

lu
e

U
se

s 
ex

is
ti

ng
 U

K
 in

fr
as

tr
uc

tu
re

 a
nd

 
re

se
ar

ch
 in

ve
st

m
en

ts
 a

s 
fa

r 
as

 
po

ss
ib

le
 a

nd
 o

pe
n 

co
m

pe
ti

ti
on

s 
w

he
re

 n
ec

es
sa

ry
 t

o 
de

ve
lo

p 
ne

w
 

in
fr

as
tr

uc
tu

re
 c

ap
ab

ili
ty

 w
hi

le
 

ke
ep

in
g 

co
st

s 
in

 c
he

ck
. M

on
ey

 b
y 

us
in

g 
ex

is
ti

ng
 in

fr
as

tr
uc

tu
re

 a
nd

 
re

se
ar

ch
 in

ve
st

m
en

ts
 a

s 
fa

r 
as

 
po

ss
ib

le
 a

nd
 u

si
ng

 o
pe

n 
in

fr
as

tr
uc

-
tu

re

A
cc

ou
nt

ab
ili

ty
 (

sy
st

em
s 

fo
r 

da
ta

 s
ha

ri
ng

 t
ha

t 
re

sp
ec

t 
th

is
 F

ra
m

ew
or

k)
. 

T
ra

ck
 c

ha
in

 o
f 

da
ta

 a
cc

es
s 

an
d 

ex
ch

an
ge

 t
o 

so
ur

ce
. 

Id
en

ti
fy

 a
nd

 m
an

ag
e 

co
nfl

ic
ts

 o
f 

in
te

re
st

. 
Im

pl
em

en
t 

m
ec

ha
ni

sm
s 

fo
r 

co
m

pl
ai

nt
s 

of
 d

at
a 

m
is

us
e;

 id
en

ti
fy

in
g,

 
re

po
rt

in
g 

an
d 

m
an

ag
in

g 
br

ea
ch

es
, i

nc
lu

di
ng

 
ap

pr
op

ri
at

e 
sa

nc
ti

on
s

A
cc

ou
nt

ab
ili

ty
. D

at
a 

sh
ar

in
g 

sy
st

em
s 

co
ns

is
te

nt
 w

it
h 

F
ra

m
ew

or
k.

 C
ha

in
 o

f 
da

ta
 a

cc
es

s 
tr

ac
es

 t
o 

so
ur

ce
. I

de
nt

if
y 

an
d 

m
an

ag
e 

co
nfl

ic
ts

 o
f 

in
te

re
st

. M
ea

su
re

s 
to

 
ad

ju
di

ca
te

 a
nd

 c
or

re
ct

 
vi

ol
at

io
ns

E
ffi

ci
en

cy
. D

at
a 

sh
ar

in
g 

m
od

al
it

ie
s 

sh
ou

ld
 im

pr
ov

e 
qu

al
it

y 
an

d 
va

lu
e 

of
 

re
se

ar
ch

 a
nd

 v
al

ue
 t

o 
pu

bl
ic

 h
ea

lt
h.

 B
ui

ld
 

on
 e

xi
st

in
g 

pr
ac

ti
ce

, 
re

du
ce

 d
up

lic
at

io
n 

an
d 

co
m

pe
ti

ti
on

(c
on

ti
nu

ed
)

159
7 Research, Sample, and Data Sharing During Outbreaks, Pandemics, and Beyond



 

.
       T

ab
le

 1
 

(c
on

ti
nu

ed
)

Q
ua

lit
y

A
pp

ro
pr

ia
te

 d
at

a 
st

an
da

rd
s 

en
su

re
d 

by
 

pr
ov

id
er

. D
at

a 
us

er
s 

ap
pl

y 
at

 le
as

t 
eq

ua
l q

ua
lit

y 
st

an
da

rd
s.

 A
ll 

re
le

va
nt

 
m

et
ad

at
a,

 m
et

ho
do

lo
gy

, 
as

su
m

pt
io

ns
, a

nd
 

ex
pe

ri
m

en
ta

l d
et

ai
ls

 a
re

 
pr

ov
id

ed
, e

ns
ur

in
g 

w
or

k 
co

nd
uc

te
d 

w
it

h 
da

ta
 

co
ns

id
er

s 
co

nt
ex

t 
in

 w
hi

ch
 

da
ta

 w
as

 p
ro

du
ce

d

Sc
ie

nt
is

ts
 in

vo
lv

ed
 in

 d
at

a 
sh

ar
in

g 
ar

e 
bo

na
 fi

de
 

re
se

ar
ch

er
s 

w
it

h 
pr

oo
f 

of
 

ac
ad

em
ic

 o
r 

ot
he

r 
st

an
di

ng
. H

ar
m

on
iz

at
io

n 
of

 d
at

a 
co

lle
ct

io
n,

 
pr

oc
es

si
ng

, a
nd

 a
rc

hi
vi

ng
 

en
su

re
s 

sc
ie

nt
ifi

c 
qu

al
it

y.
 

C
ol

la
bo

ra
ti

on
 p

ro
m

ot
es

 
ef

fic
ie

nc
y,

 s
us

ta
in

ab
ili

ty
, 

an
d 

co
m

pa
ra

bi
lit

y

D
at

a 
qu

al
it

y 
an

d 
se

cu
ri

ty
. S

to
re

 a
nd

 
pr

oc
es

s 
da

ta
 in

 a
cc

ur
at

e,
 

ve
ri

fia
bl

e,
 u

nb
ia

se
d,

 
cu

rr
en

t 
w

ay
. E

nh
an

ce
 

in
te

ro
pe

ra
bi

lit
y 

an
d 

re
pl

ic
ab

ili
ty

; p
re

se
rv

e 
da

ta
 s

ea
rc

ha
bi

lit
y 

an
d 

in
te

gr
it

y.
 E

ns
ur

e 
fe

ed
ba

ck
 o

n 
da

ta
 a

nd
 

m
et

ad
at

a 
qu

al
it

y,
 

se
cu

ri
ty

, a
cc

ur
ac

y,
 a

nd
 

re
us

ab
ili

ty

A
da

pt
ed

 in
 p

ar
t 

fr
om

 M
ax

w
el

l e
t 

al
. (

20
21

) 
(C

C
 A

tt
ri

bu
ti

on
 4

.0
 I

nt
er

na
ti

on
al

)
a  

G
lo

P
ID

-R
 G

lo
ba

l R
es

ea
rc

h 
C

ol
la

bo
ra

ti
on

 fo
r 

In
fe

ct
io

us
 D

is
ea

se
 P

re
pa

re
dn

es
s;

 G
A

4G
H

 G
lo

ba
l A

lli
an

ce
 fo

r 
G

en
om

ic
s 

an
d 

H
ea

lt
h

D
om

ai
n

G
lo

P
ID

-R
a  

P
ri

nc
ip

le
s 

of
 

S
ha

ri
ng

 D
at

a 
in

 P
ub

lic
 

H
ea

lt
h 

E
m

er
ge

nc
ie

s 
(G

lo
P

ID
-R

 2
01

8)

H
ea

lt
h 

D
at

a 
R

es
ea

rc
h 

U
K

 
C

O
V

ID
-1

9 
N

at
io

na
l C

or
e 

S
tu

di
es

 
D

at
a 

S
ha

ri
ng

 P
ri

nc
ip

le
s 

(H
D

R
 U

K
 

20
22

)

In
te

rn
at

io
na

l C
od

e 
of

 
C

on
du

ct
 fo

r 
D

at
a 

S
ha

ri
ng

 
in

 G
en

om
ic

 R
es

ea
rc

h 
(K

no
pp

er
s 

et
 a

l. 
20

11
)

G
A

4G
H

 F
ra

m
ew

or
k 

fo
r 

R
es

po
ns

ib
le

 S
ha

ri
ng

 o
f 

G
en

om
ic

 a
nd

 H
ea

lt
h-

 
R

el
at

ed
 D

at
a 

(K
no

pp
er

s 
20

14
)

C
A

R
E

 P
ri

nc
ip

le
s 

fo
r 

In
di

ge
no

us
 D

at
a 

G
ov

er
na

nc
e 

(C
ar

ro
ll 

et
 a

l. 
20

21
)

160 R. F. Terry and K. Littler



2021, another Internet search using the same 
terms has revealed that another 50 new 
COVID-19 data resources have come online, 
and it is expected this trend will continue. The 
analysis shows very limited interoperability 
between resources and large overlaps in the 
data, creating almost a competition between 
platforms and registries for data as opposed 
to collaboration. The utility of these resources 
is highly variable, and there are few metrics for 
assessing the return on investment. This is not 
to say that successes from shared data are 
lacking; we have noted intensive use of 
GISAID for viral variant tracking and the 
contributions to better clinical management 
provided by ISARIC COVID-19 clinical 
research resources (Maxwell et  al. 2021). 
Early on in the pandemic, ISARIC worked 
with WHO to create a set of standardized 
electronic case report forms (eCRF) to 
enhance the interoperability of clinical data. 
While 54% (29 of 54) of platforms required 
data uploaded to be in a standard eCRF, only 
one platform was using the WHO- 
recommended eCRF.

In 2015, WHO called for the public disclo-
sure of clinical trial results, and, as a follow 
up, in 2017 many of the major funders of tri-
als joined forces to reiterate the importance of 
trial registration and the timely reporting of 
data (Clarke et  al. 2019). An analysis of 
research data submitted with registered clini-
cal trials and published in the International 
Clinical Trials Registry Platform in 2021 
reveals a similar lack of traction between pol-
icies and their implementation (Wilkinson 
et al. 2019). This analysis looked at the total 
records for approximately 650,000 trials regis-
tered in the WHO International Clinical  Trials 
Registry Platform (ICTRP) up to the end of 
January 2021. A subset of those trials related 
to potential pandemic diseases identified in 
the WHO R&D Blueprint were disaggregated 
(Rosnet et al. 2021).

Since 2019, all national clinical trial regis-
tries contributing to ICTRP have been required 
to collect intentions to share the IPD underly-
ing a trial and methods to provide data access. 
Only 13% of registered trials report any inten-
tion of sharing data, with no significant differ-
ence between all registered trials and those 

concerned with diseases with potential to 
cause public health emergencies. This finding 
reinforces a similar 2018 analysis looking at 
data availability of published trial results, 
which found only one-third (31% or 98 out of 
319 published papers, excluding case studies) 
included any data availability statement for the 
data underlying the paper. And 65% of these 
papers give no information on how to find or 
access the data. Only two clinical trials out of 
58 on interventions for WHO priority patho-
gens provided any link in their registry entry to 
the background data (Terry et al. 2018).

Both these examples illustrate the gap 
between principles and normative guidance, 
as published by WHO and others, and imple-
mentation. A consortium of 160 international 
research funders led by Wellcome Trust, a 
foundation focused on health research, have 
tried to quantify the impact of their policies 
and statements to encourage greater data 
sharing specifically during a pandemic. Their 
analysis finds a similar gap between the effort 
to encourage data sharing and the little health 
data actually shared, even during an emer-
gency (Chiarelli et al. 2022). The report high-
lights the importance of linking any policy 
statement with a commitment to monitor and 
evaluate its impact. Importantly, research 
funders must undertake regular audits to 
measure compliance with their intention to 
see more data shared and understand non-
compliance. This should enable the design of 
more effective mechanisms for additional 
funding, training, or other forms of capacity 
building, particularly for those researchers 
based in low- and middle-income countries.

5  A Roadmap to Improve Data 
Sharing

So, what can be done to change a system con-
taining few incentive carrots and virtually no 
effective sticks? In this final section, an action 
roadmap is presented, which must be adopted 
and taken forward by each stakeholder group 
(. Table 2). Each stakeholder plays a differ-
ent role. However, as previously emphasized, 
to change the research system, a systems-
based approach is necessary.

161
7 Research, Sample, and Data Sharing During Outbreaks, Pandemics, and Beyond



 

       . Table 2 Recommended actions for stakeholders to support coordinated data-sharing efforts for 
improving public health

Stakeholder Recommended safeguards for data sharing and reuse

Funders – Metrics to quantify return on investment in data-sharing efforts they support
– Incentives beyond citation and attribution for originators sharing data
– Data management and sharing plans based on good/best practice
– More FAIR data (through, e.g., registration in a system with machine-readable 
metadata like FAIR sharing)
– Registration of observational studies on a platform collecting metadata and/or 
assigning a digital object identifier (DOI)
– Set-asides for data interoperability funding
– Community-developed standards for research studies
– Meta-catalogues to facilitate data reuse
– Engagement with research participants and patients to understand any 
concerns on reuse of their data

UN and member states – Framework recognizing data as a global public good and defining fair sharing 
of benefits
– Consideration of how existing international agreements, such as WHO (2016) 
or Nagoya Protocol, might be adapted

Journal editors – Compliance with recommendations of the International Committee of 
Medical Journal Editors (ICMJE 2022)
– Peer review that adequately reviews the data availability statement for an 
article
– DOI for participant-level data set and research protocol to improve study and 
data discoverability
– Machine-readable FAIR checklist that covers issues of data availability, 
interoperability, and registration of metadata
– Incentives for data reuse through special issues or specific collections

Regulators – Clinical Data Interchange Standards Consortium (CDISC) standards for 
clinical research (CDISC 2022)
– Regulatory body for observational research

Bioinformaticians, 
software developers, data 
stewards, and the open 
science community

– Mixed methods research on dataset availability
– Standards to measure overall utility of a platform or registry
– Case studies that illustrate the new knowledge and impact gained from 
secondary reuse of data
– Connections between data-sharing infrastructures (data on one platform 
automatically available through others)
– Open science initiatives to facilitate data reuse
– Implementation of community- defined standards for reporting and reuse of 
data and metadata
– Indicators for evaluating the FAIRness of data
– Compliance with best practices for future use of data or samples consistent 
with international ethics guidelines

Legal advisors – Clear guidance on data protection law (particularly re: GDPR) barriers to 
data access
– Clear information on subnational legal barriers to implementation
– Clear information on legal barriers to reuse of data for secondary purposes
– Clear information on legal barriers related to the reuse of data from protected 
minority groups
– Data protection governance that allows data subjects to assert their rights in 
international data sharing
– Legal tools for international data transfer in emergencies
– Technical and data security measures to offer data protection but also allow 
data sharing and use in emergencies
– Collision rules when legal frameworks are inconsistent
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.       Table 2 (continued)

Stakeholder Recommended safeguards for data sharing and reuse

Ethics advisory bodies – Healthcare providers, researchers, and other stakeholders aware of ethics 
guidelines for data sharing and reuse
– Guidelines on privacy and confidentiality when sharing and reusing data
– Transparency and accountability
– Harmonized guidelines and consistent approach to shared ethical concerns
– Community-developed recommendations for community engagement on data 
sharing and reuse
– Community-developed governance for data sharing or data reuse-related 
infrastructure
– Norms and standards for consent and governance arrangements acceptable to 
community
– Section on FAIR data required for ethics submissions for observational 
research

Data-sharing platforms or 
registries

– Improved expertise on community-developed standards
– Engagement with communities on data sharing
– Mutual understanding of language about broad consent for future use
– Measures for fair sharing of benefits for depositors and users

Adapted from Maxwell et al. (2021) (CC Attribution 4.0 International
FAIR findable, accessible, interoperable, reusable; GDPR General Data Protection Regulation

6  Conclusion

The COVID-19 pandemic has shown that 
data curated to a common standard and 
aggregated has tremendous power in address-
ing multiple public health needs. The pan-
demic has also highlighted that the 
data-sharing environment is growing organi-
cally, with limited controls on the conflicting 
values from political, ethical, social, techni-
cal, legal, and economic perspectives. 
. Table 2 highlights a long wish list of  rec-
ommended actions. But perhaps funders, 
researchers, and journals (three of the key 
stakeholders) have the tools to implement a 
more effective framework by more actively 
monitoring, implementing, and reporting 
their existing policies. If  the appropriate 
reviews can be undertaken, the value of effec-
tive sharing could yet be realized before the 
next pandemic strikes. At the same time, we 
cannot lose sight of outstanding equity issues 
associated with data sharing. These chal-
lenges are likely to arouse lively debate during 
forthcoming consideration of polices and 
instruments to improve preparedness for 

future emerging infectious diseases (Pratt and 
Bull 2021).

At the time of this writing, the newly 
formed International Negotiating Body (INB) 
established by WHO member states at their 
Assembly in May 2022, finished its second 
meeting, following two rounds of public hear-
ings (WHO 2022h). The INB concluded at 
that meeting that the world needed a legally 
binding instrument on pandemic prevention 
and as of early 2023 the INB was beginning to 
prepare a “zero draft” of or pandemic treaty 
for the World Health Assembly in May 2023. 
While the negotiations will of necessity be 
quite detailed and lengthy, it is a positive 
development that there is once again political 
will to focus on how to ensure fair, equitable, 
and timely data access and benefit sharing to 
create a coordinated, timely, and evidence- 
based pandemic response (WHO 2022g).

? Discussion Questions
 1. Discuss the elements that need to be in 

place to allow for searching across 
hundreds of  databases to identify a 
virus by genomic sequence.
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 2. Why are some researchers reluctant to 
share voluminous data, particularly in 
low- and middle-income countries?

 3. What steps did GISAID introduce, for 
both depositing and gaining access to 
genome sequences on its site, to encour-
age data attribution and benefit sharing?

 4. ISARIC established the COVID-19 
Clinical Database for individual data 
from hospitalized patients and clinical 
trial participants. What are the benefits 
of  aggregating individuals’ data into a 
large, standardized data set?

 5. Discuss other ethical questions in data 
sharing (e.g., rapidity vs. equity).

 6. What are some of  the legal frameworks 
under which data sharing occurs, 
including WHO’s merger of  FAIR 
principles with efficiency, ethics, and 
equity?

Review . Table 2 and choose and analyze 
some of the recommended stakeholder 
actions, their degree of difficulty, and their 
potential benefit for global public health 
and pandemic response.
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III

Preparedness for 
Emergency Research 
Response
Robert A. Sorenson  

Overview of Book Section III: Nothing determines response to an 
emergency more than the steps taken to prepare for it. It has been 
understood for millennia that humanity is struck by periodic pan-
demics, but it has been less than a century since medical science 
has been able to respond with much more than quarantine or pal-
liative measures. It has been 20 years since what one might iden-
tify as the first real-time vaccine development efforts, during the 
SARS-CoV-1 epidemic, and less than a decade since the first rigor-
ous clinical trials were implemented during an emergency, the 
West Africa Ebola outbreak of 2014–2016. Perhaps only now, after 
the accelerated research response to the COVID-19 pandemic, it is 
evident to most people that preparedness for accelerated research 
response is imperative.

Nahid Bhadelia et al. (7 Chap. 8) address one of the paradoxes of 
pandemic preparedness: countries most vulnerable to outbreaks 
often have the least capacity to respond. Building research 
partnerships and capacity in low- and middle-income countries 
strengthens resilience against infectious disease, helps scientists 
refine research questions and operations, and should contribute 
to stronger health systems and better population health status. It 
gives countries and the world a head start on scientific information 
about emerging pathogens, and then developing, assessing, pro-
ducing, and distributing effective MCMs. Building biomedical 
research capacity, strengthening biosurveillance, sequencing 
pathogens, analyzing patient data, and conducting clinical trials is 
not simple or cheap. It requires sustained investment by countries 
and international partners and progress toward universal health-
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care. Lisa Hensley et  al. lay out the requirements for clinical 
research laboratories, and how to build them in advance or when 
needed in an emergency (7 Chap. 9).

Andrew Clements et  al. (7 Chap. 10) look at emerging zoonotic 
pathogens, the source of most human infectious diseases, focus-
ing on how and where zoonotic pathogens circulate, pathways to 
emergence, potential for sustained human-to-human transmis-
sion, and gaps in our knowledge. An interlinked global surveil-
lance and warning system could improve collection and use of 
information before an outbreak occurs to improve global health 
security. An outbreak of a novel infectious disease also requires 
rapid innovation in diagnostic testing to screen populations and 
diagnose active infection in patients. C.  Taylor Gilliland et  al. 
(7 Chap. 11) describe the approach and lessons learned through 
the Rapid Acceleration of Diagnostics program, which dramati-
cally reduced the time needed for development, commercializa-
tion, and implementation of new diagnostics during the COVID-19 
pandemic. The program followed a new paradigm that enabled 
dozens of testing technologies to obtain regulatory authorization, 
delivered billions of tests, and catalyzed a shift toward self-testing.

Emergency preparedness includes the development of candidate 
vaccines for pathogens yet unknown. Karin Bok (7 Chap. 12 and 
In Focus 12.1) reviews recent progress on several relatively novel 
vaccine platforms (mRNA, DNA, and vector- based) and other tech-
niques to formulate vaccine candidates. Understanding viral struc-
tures and self-assembly, intended target proteins, and conserved 
but vulnerable viral epitopes, as well as immune system reactions 
to viral infection, is foundational to preparedness for the emer-
gence of pathogens and rapid development of new medical coun-
termeasures. Furthermore, establishing global mRNA supply 
chains, manufacturing, and fill/finish capacities promise prompt 
control of emerging epidemics and pandemics. The ambitious 
goal of delivering vaccines within 100 days after identification of a 
novel pathogen with pandemic potential, pursued by the Coali-
tion for Epidemic Preparedness Innovations (7 Chap. 13), will 
require advances in scientific research, production technology, 
clinical trial readiness, response organization and governance, 
and financing. Elizabeth Higgs cover preparedness and response 
for therapeutics (7 Chap. 14), discussing both accelerated research 



I

programs during the COVID-19 pandemic and organizational 
steps for future preparedness. Finally, Peter Horby et al. (7 In Prac-
tice 14.1) describe the largest COVID-19 treatment study, the Ran-
domized Evaluation of COVID-19 Therapy Trial, which within 100 
days provided clear results on the safety and efficacy (or lack 
thereof ) of three drugs and enabled life-saving changes in clinical 
practice.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The need for research capacity to 
strengthen preparedness, response, and 
resilience against infectious disease 
 emergencies in low- and middle-income 
countries

 5 How global maldistribution of medical 
research capacity hinders preparedness for 
public health emergencies

 5 The intersection of factors determining 
research capacity, including education, 
healthcare and public health systems, health 
financing, connections with the global 
scientific community, and governance

 5 Advantages of strong research capacity in 
currently underserved areas and some of 
the metrics used to measure research capac-
ity and activity

 5 The roles of the World Health Organiza-
tion (WHO) and Coalition for Epidemic 
Preparedness Innovations (CEPI) in devel-
oping research capacity

 5 Some of the requirements for and obstacles 
to building health research capacity in low- 
and middle-income countries

1  Introduction

Several chapters in this volume emphasize the 
central place of research in urgent response to 
emerging infectious diseases (EIDs). This 
chapter elaborates on the importance of pre-
existing research capacity in low- and middle- 
income countries (LMICs) for strengthening 
resilience against EID threats. Wernli et  al. 
(2021) broadly define societal resilience as 
“the ability of societies to maintain their core 
functions while minimizing the health impact 
of the pandemic and other societal effects,” 
and . Fig. 2 illustrates some of the elements 
of resilience. As the COVID-19 pandemic has 
demonstrated, broadly available research 
capacity can contribute to resilience by help-
ing the global research community refine the 
research questions that should be asked and 
elucidate essential scientific information about 
emerging pathogens more quickly and effec-
tively (Krause et  al. 2020; WHO Solidarity 

Trial Consortium 2021). Strong research 
capacity in LMICs also contributes to more 
equitable governance of research during out-
breaks (Peters et  al. 2017; Pratt and Hyder 
2017). Moreover, a strong domestic research 
capacity could help identify, characterize, and 
then slow or contain the spread of a new or 
unfamiliar pathogen, meanwhile giving 
research scientists more time to understand 
and counteract it. Recall, for example, that the 
Ebola virus was not even identified as the 
cause of a rapidly spreading hemorrhagic 
fever in West Africa until 3 months after the 
index case in December 2013 (Olu 2016).

In 2000, the World Health Organization 
(WHO) Global Forum for Health Research 
noted that only 10% of research spending is 
devoted to the health problems of 90% of the 
world’s population and remarked that 
“strengthening research capacity in developing 
countries is one of the most effective and 
sustainable ways of advancing health and 
development” (Coloma and Harris 2009; 
Global Forum for Health Research 1999). 
Several indicators are in use to measure 
research activity. For example, a recent review 
of academic publications focused on EIDs 
over the last two decades notes that while U.S. 
institutions and researchers still lead by number 
of contributions, a growing share of data and 
publications comes from Asia, Africa, and the 
Middle East (Sweileh 2017). Despite this 
increase, a disproportionate lack of researchers 
and research capacity still prevails in LMICs. 
Some regions, including many African 
countries, have had a slower rate of growth in 
the research sector than others (. Fig.  1) 
(National Academies of Sciences Engineering 
and Medicine 2017). Sub-Saharan Africa 
accounts for 11% of the world’s population 
and 24% of the global disease burden, but the 
African continent produces only about 2% of 
the world’s research by various measures 
(IBRD 2016; IFC 2008; Kay 2015).

African research and development 
increased by 50% between 2007 and 2013 but 
still accounts for only 1.5% of the world’s 
total expenditure in the sector (Marsh 2016; 
Yozwiak et  al. 2016). And yet data suggest 
that high biodiversity, including that of 
pathogens and disease vector and reservoir 
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.       Fig. 1 Spending on research and development 
(R&D) as share of  gross domestic product (GDP), 
1996–2014. Note the single-year data point for Western 
and Central Africa, perhaps a more eloquent indicator 

than the statistics themselves. Note also that the Eastern 
and Southern Africa statistics include South Africa’s 
robust biotechnology sector. (Our World in Data 2022)

species, in conjunction with fewer resources 
for disease control, heighten the risk for EID 
emergence and spread in many LMICs (Dunn 
et  al. 2010; Jones et  al. 2008; Murray et  al. 
2015).

To move knowledge of EIDs forward, the 
ad hoc importation of research machinery in 
outbreaks will not suffice (Yozwiak et  al. 
2016). The experience of the Coalition for 
Epidemic Preparedness Innovations (CEPI), a 
global collaboration for the development of 
vaccines for EIDs, has highlighted the impor-
tance of research capacity in vulnerable areas 
to conduct clinical trials, monitor adverse 
effects, and generate reliable data (Bernasconi 
et al. 2020). While clinical trial capacity is crit-
ical, upstream research—for example, under-
standing the natural history and epidemiology 
of EIDs, developing diagnostics, and building 
the scientific evidence base for culturally 
appropriate public health responses—is also 
heavily dependent on strong research sectors 
in LMICs.

In this chapter, the authors outline the 
importance of regional and local public health 
context in EID research, discuss the infra-
structure and human capital necessary for 
building research response in LMICs, and 
outline the contributions such capacity can be 
expected to provide for research during future 
outbreaks. We identify the synergy between 
public health, healthcare system, and research 
capacity for EID response. Lastly, we high-
light some underlying challenges to health 
research capacity building in LMICs.

2  Local or National Research 
Agendas Enable Research 
Capacity to Respond to Local 
Needs

The ultimate beneficial health impact of 
research relies on evidence generation, 
translation into policies, public health 
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interventions, medical countermeasures 
(MCMs), improvements in patient care, and 
the consistent utilization of such interventions 
for those who need them. The reality in many 
low- income settings is that research programs 
and capacity funding decisions are in great 
measure made in high-income donor 
countries, and the capacity and research that 
follow may not be well aligned with needs on 
the ground (Sheikh et al. 2020).

The 2017 World Report on Health Policy 
and Research found that that this mismatch 
between funding and needs further limited the 
capacity of LMICs to use research evidence to 
inform decision-making and policy (WHO 
2017b). A survey of ministries of health 
conducted by the Alliance for Health Policy 
and Systems Research for WHO found that 
the lack of locally relevant applied research, 
along with poor presentation of research 
findings and inadequate communication 
between researchers and policymakers, were 
the three most cited barriers to getting 
evidence to decision makers (WHO 2017b). 
The importance of “learning healthcare 
systems” for EID preparedness was 
underscored by the U.S. National Academy of 
Medicine’s Neglected Dimension of Health 
Security, which, among other findings, 
identified engaging local scientists and 
communities in the conduct of research as 
critical to research response to infectious 
disease threats (NAM 2016). The goals of 
Global Health Security Agenda (GHSA) to 
prevent, detect, and respond to EIDs focus on 
several useful areas for EID response, such as 
capacity building in data collection and 
improvements in integrated laboratory disease 
surveillance. GHSA does not, however, 
include actions to improve partner country 
capacity for clinical research, either to improve 
patient care when an EID outbreak occurs or 
to evaluate the efficacy of MCMs (GHSA 
2014, 2022; Marston et al. 2017).

To achieve genuine resilience against EIDs, 
low-income countries need not just funding 
but also achievable roadmaps and metrics to 
guide the improvement or establishment of 
functional research capacity (Eigbike 2020), 
and ultimately comprehensive health systems 
that can support both timely interventions for 

affected populations and career paths for 
healthcare professionals from the patient bed-
side to the research lab (Nuzzo et  al. 2019). 
Although significant progress has been made 
in identifying such metrics and indicators, 
greater effort is needed for data collection and 
reporting on indicators (Eigbike 2020). A key 
enabler for better aligning research capacity 
investments with local priorities and needs is 
the existence of nationally coordinated, artic-
ulated visions for research and manufacturing 
capacity (McGregor et  al. 2014). A major 
focus of work at WHO in this sector has been 
to reorient the funding environment to place 
an emphasis on first understanding locally 
identified knowledge gaps and research needs, 
building political support for local invest-
ment, and leveraging international donors to 
catalyze the transition to full local ownership 
of research priorities and institutions. In 2018 
and 2019 WHO assisted with development of 
local and subregional research agendas for 
Lassa fever research in West Africa (WHO 
2018). This included a national Lassa fever 
research consortium in Nigeria, co-led by 
Nigeria Centers for Disease Control and local 
researchers. Also, a regional consultation 
mapped out the end-to-end pathway for Lassa 
fever vaccine, starting with the perspective of 
West African scientists, regulators, and public 
health officials (Salami et  al. 2020). These 
developments challenged and displaced what 
had once been common practice, that vaccine 
trials for diseases prevalent only in Africa 
would start in high-income countries with lit-
tle or no input from African researchers or 
end-users in local communities.

It is increasingly understood in infectious 
disease research and other fields that it is criti-
cal to start product development with local 
public health goals, regulatory perspectives, 
and health system capacities in mind, and that 
this can only be achieved through early, bot-
tom- up consultations. Along these lines, the 
Indian Council of Medical Research and the 
Bangladesh Institute of Epidemiology, 
Disease Control and Research identified local 
research priorities for response and 
preparedness plans related to Nipah virus 
outbreaks. Their involvement has improved 
not only the quality of Nipah virus research 
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but also public health response to recent 
Nipah virus outbreaks (Sadanadan et  al. 
2018; Sahay et al. 2020).

Development of national research agen-
das needs to be driven through coordination 
and communication between ministries of 
health, science and technology, finance, and 
education, along with national research insti-
tutes, civil society, and the private sector. 
Collaborations between ministries of health 
and research institutes embedded in the health 
system, directed by a government-articulated 
vision, can lead to quicker filling of critical 
knowledge gaps and scaling up of solutions. 
WHO’s Research and Development, 
Innovation, and Access Accelerator efforts 
have highlighted that much more can be done 
to synchronize international funding with 
national priorities, although many national 
research agenda setting exercises have already 
taken place. Doing so would not only better 
align research with health needs but also effec-
tively accelerate the scaleup of promising 
innovations to progress toward the Sustainable 
Development Goals (UN 2021; WHO 2019b). 
When international donors support national 
research agendas, they can maximize the 
impact of their investments by aligning with 

local priorities. This can greatly increase the 
chances for uptake of research outputs into 
policy processes. More remains to be done in 
ensuring that national and community voices 
from low- and middle-income countries are 
well integrated into the definition of interna-
tional research capacity initiatives as co- 
owners rather than clients.

3  Investing in Local Research 
Infrastructure Before Crises

Fostering resilient health capacity (. Fig. 2) 
requires investing in researchers from LMICs, 
supporting the research institutions that house 
them, working with national governments to 
improve regulatory oversight, overcome opera-
tional shortcomings for programs and prod-
ucts, and engage vulnerable communities in 
research partnerships before crisis strikes.

3.1  Education and Training

Like their Global North counterparts, LMIC 
scientists are necessarily at the heart of 
successful research enterprises and institutions 

.       Fig. 2 Some of  the many requirements for developing research capacity. (Elizabeth S.  Higgs and Robert 
A. Sorenson, unpublished)
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in the Global South. It is no surprise then that 
the most common research capacity-building 
programs to date have been those that support 
individual researcher training and career 
development. Training programs ranging 
from the U.S. National Institutes of Health 
(NIH) and NIH Fogarty International Center 
(FIC) fellowships and the U.S.  Centers for 
Disease Control and Prevention (CDC) Field 
Epidemiology Training Program to United 
Nations, World Bank, and World Health 
Organization (WHO) programs have sup-
ported the growth of the cadre of LMIC 
researchers (Bridbord et al. 2019; Käser et al. 
2016). The experiences of these programs 
demonstrate that research capacity invest-
ments in LMICs can have global benefits for 
surveillance, identification, and management 
of new pathogens and outbreaks. For exam-
ple, FIC-trained researchers helped detect the 
Zika epidemic in Brazil and Peru (Drain et al. 
2017). Similarly, research laboratories at 
Redeemers University in Nigeria provided the 
definitive diagnosis of Ebola virus disease 
(EVD) in the imported case from Liberia in 
2014, which facilitated a rapid public health 
response to the outbreak (Folarin et al. 2016).

Clinicians and biomedical and social sci-
ence researchers from countries where high- 
consequence pathogens are endemic and EIDs 
are likely to cause outbreaks can provide lon-
gitudinal perspectives and a more granular 
understanding of clinical, epidemiological, 
and social dimensions of these diseases. As 
discussed above, LMIC scientists and aca-
demic institutions also play a critical role in 
helping their national governments in task 
setting and research priority creation (Global 
Forum on Bioethics in Research 2015; 
InterAcademy Council 2015). The creation of 
in- country and regional scientific expertise, as 
well as the development of national research 
agendas by host countries, can facilitate more 
equitable and rapid agreements on clinical tri-
als, as well as a swifter exchange of pathogen 
genetic materials during outbreaks. In the 
absence of such agreements, practices such as 
“parachute research,” where outside investi-
gators arrive in the country during outbreaks, 
work in isolation, and leave with biological 
samples can flourish (Doe-Anderson et  al. 

2016; Yozwiak et al. 2016). Having successful 
collaborations in place between researchers 
and research institutions from Global North 
and South can decrease the time for initiation 
of new research and facilitate the discovery 
and dissemination of critical public health 
information during outbreaks. For example, 
Nigerian, U.S., and Sierra Leonean research-
ers who conducted Lassa fever research via an 
existing partnership between the U.S.-based 
Viral Hemorrhagic Fever Consortium and the 
African Center of Excellence for Genomics of 
Infectious Disease, headquartered in Nigeria, 
were one of the first groups to produce scien-
tific data about the Ebola strain involved in 
the 2014–2016 West African EVD epidemic 
(Yozwiak et al. 2016).

Additionally, researchers at Global South 
universities serve as instructors and can 
potentially mentor new researchers in their 
own countries (Lescano et al. 2019). Ongoing 
research at LMIC institutions generates train-
ing and grant opportunities and financial sup-
port for new scientists and research support 
staff. In effect, it creates a cadre of trained 
specialists who can pivot during outbreaks 
from their ongoing research to that required 
in an emergency, as so many scientists did 
worldwide after the emergence of SARS- 
CoV- 2. A culture of research and the presence 
of research support infrastructure (including 
regulatory oversight, ethical review, and data 
management) can help ensure adherence to 
ethical standards and regulatory requirements 
for research during emergency settings and 
improve the quality of results (Ng et al. 2015).

3.2  Institutional Infrastructure

Training researchers by itself  is hardly ade-
quate for the creation of research capacity in 
LMICs. Despite having received advanced 
training, many researchers in resource-limited 
settings struggle to influence or implement a 
national research agenda and effectively 
compete for international funding. They are 
frequently hampered by a lack of institutional 
capacity, the power differential in global 
research collaborations, and international 
funding dynamics (Dean et al. 2015; Izugbara 
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et al. 2017). A dearth of institutional resources 
for financial and administrative management 
of research administration, as well as ethical 
and regulatory review, has frequently been 
identified as a barrier to increasing new health 
research in LMICs (Rani et al. 2011). Lack of 
adequate administrative infrastructure leads 
to concerns about accountability, transpar-
ency, and efficiency in the research conducted 
in low-resource academic centers (Rani et al. 
2011). Unfortunately, these limitations create 
a scenario where LMIC partners in interna-
tional research consortia have less shared 
authority and fewer resources in funded proj-
ects, which means they receive less of the indi-
rect cost payments (overhead) that typically 
support administrative infrastructure in devel-
oped countries (Mahmood et al. 2011; Pratt 
and Hyder 2017). An ESSENCE on Health 
Research (2014) report identified robust 
research governance structures as essential to 
research capacity strengthening. Without the 
ability to initiate and bring in new funding for 
local research enterprises through indirect 
support, LMIC researchers in global partner-
ships will often continue to occupy supportive 
rather than architectural roles (Coloma and 
Harris 2009). Some authors have stressed the 
importance of dedicated capacity-building 
funds to provide core funding for operations 
of LMIC research institutions, activities that 
should be ongoing before emergencies, to 
ensure equitable distribution of decision- 
making, accountability, and resources within 
international collaborations.

National regulatory oversight for clinical 
trials and drug or device evaluation also con-
tributes to confidence from sponsors and 
manufacturers looking to conduct research in 
LMICs. However, that confidence needs to 
work both ways. Two important enablers for 
this process are effective mechanisms to solicit 
local regulatory input into clinical trial plans 
and clarity on the full line of sight through 
high- and low-income regulatory needs. Early 
engagement of national regulatory bodies 
with external research sponsors allows eluci-
dation of WHO and national policy needs for 
data generation, as well as critical feasibility 
considerations that will enable implementa-
tion at a large scale in resource-poor settings. 

WHO’s development of detailed, open-access 
target product profiles (TPPs) for vaccines, 
therapeutics, diagnostics, and medical devices 
can provide a degree of clarity that de-risks 
product development for manufacturers and 
funders, with a major emphasis on including 
all stakeholders’ input and end-user perspec-
tives. WHO has developed over 30 documents 
explaining TPPs for emerging and other infec-
tious diseases (WHO 2022).

3.3  Operational Needs

Just-in-time research infrastructure creation 
during outbreaks faces incredible logistical 
impediments, which can delay or halt research 
during emergencies (see Part VII). The presence 
of experienced researchers and well- resourced 
research facilities in LMICs where outbreaks 
with high-consequence pathogens can occur 
overcomes many of these barriers. In many 
resource-limited settings, basic infrastructure 
challenges, such as lack of reliable water supply 
or power grids, inability to maintain cold 
chains for vaccines, medicines or samples, or 
poor Internet connectivity for transfer of data, 
can stymie research (NASEM 2017). 
Negotiating and resolving these challenges in 
the middle of an outbreak becomes a Herculean 
task when added to required efforts to import 
research equipment, recruit staff, and achieve 
regulatory and procedural readiness to conduct 
trials. Aside from providing staff with longer-
term experience and  proficiency in biosafety, 
ongoing research activities can ensure 
continuous investment in critical physical 
infrastructure and services that can serve as 
swing resources during emergencies. The 
longer-term operations of research centers in 
LMICs can ensure many of the logistical issues 
have been tackled before outbreaks occur, 
through both practical experience and 
established partnerships and relationships that 
can facilitate more seamless operations during 
emergencies. The ongoing presence of research 
staff and facilities also creates market demand 
that has the potential to improve supply chains 
through the development of local providers of 
products and services, which can decrease cost 
over time.
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A flourishing research sector can also pro-
mote a supportive biomedical business sector 
in LMICs. Research instruments and labora-
tory equipment are generally produced in 
higher-income countries and imported into 
LMICs through purchases or donations. A 
2011 study of 16 low-income countries showed 
that 40% of inventoried medical equipment 
was nonfunctional (Perry and Malkin 2011). 
Not many biomedical companies generally 
offer regional technical support in low-income 
countries. Currently, only 13% of medical 
device manufacturers are located in LMICs—
countries which in many cases have no bio-
medical engineering training programs 
(DePasse et al. 2016). It is important to think 
through maintenance requirements and other 
aspects of ensuring new technology will be 
useful for the normal lifetime of the product 
in the environments for which it is bound. 
Long-standing research partnerships can 
allow time for such preplanning, the careful 
selection of materials, and the identification 
of resources to help facilitate repair. The lux-
ury of such forethought is limited when labo-
ratory equipment is obtained and deployed 
during outbreaks. Research equipment, like 
most medical devices, requires calibration, 
maintenance, repair, user training, and 
decommissioning, activities which require a 
significant investment that is best planned 
before outbreaks occur. Through such ave-
nues, ongoing research programs can not only 
begin to establish a support base, but they can 
also contribute, however modestly, to eco-
nomic development, trade ties, and private- 
sector technical knowledge.

3.4  Community Engagement

Last and most critical, trust and community 
engagement have always been incredibly 
important factors in outbreak control and 
have played a critical role in the two recent 
Ebola virus disease outbreaks (Kucharski and 
Piot 2014; Nguyen 2019). The new normal in 
global health threats from EIDs appears to be 
large, unexpected, rare, highly disruptive out-
breaks that can become epidemics or pandem-
ics and cause widespread social disruption 

(Bedford et al. 2019). We have learned during 
the coronavirus disease 2019 (COVID-19) 
pandemic that distrust of research and result-
ing MCMs, particularly vaccines, is by no 
means confined to low-resource communities. 
Historical and political factors, including gen-
eralized mistrust of authorities for a wide 
variety of reasons, lack of knowledge regard-
ing medical science including clinical trials, 
and periodic outbreaks of “viral” ideas that 
have little or no factual basis, can all contrib-
ute to false perceptions of well-founded medi-
cal interventions (Enria et  al. 2016; Mackay 
1841; Tanner et al. 2015). Community involve-
ment in trial design, execution, and oversight 
can help bridge some of this distrust and lead 
to increased participation (Dickert and 
Sugarman 2005). Longer-term engagement 
between communities of interest and research 
enterprises can afford additional opportuni-
ties to identify true stakeholders, understand 
and dispel fears and concerns, and result in 
better uptake of MCMs.

4  Research, Public Health, 
and Healthcare Capacity 
as Synergistic Forces for EID 
Response

Research cannot be separated from public 
health and clinical care functions associated 
with EID response, either during outbreaks or 
between them. Efforts to improve research 
capacity need to be intimately tied to the 
struggle for universal health coverage and 
health systems strengthening. Although not 
in themselves sufficient, a strong public health 
and healthcare system are essential for build-
ing preparedness capacity, and especially 
research capacity (Lal et al. 2021). The chal-
lenges faced by limited-resource areas in 
detecting and responding to EID outbreaks, 
especially in the case of a novel pathogen, are 
exacerbated by limitations of their public 
health and healthcare institutions, which are 
faced with the need to gather scientific 
knowledge about these pathogens through 
research- grade diagnostics and may then be 
called upon to evaluate novel vaccines and 
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therapeutics through regulatory-level clinical 
trials. Without a strong health system to 
support it, research capacity is not sustainable 
in any country, leaving foreign partners to 
provide the bulk of resources for emergency 
research in LMICs, slowing research 
implementation while infrastructure systems 
are installed and perpetuating North–South 
inequality.

Scientific knowledge about the epidemiol-
ogy, pathophysiology, and ecological and 
social factors contributing to the spread of 
EIDs evolves with outbreak response and 
with further data collection. Moreover, EID 
symptoms often mimic common endemic dis-
eases, such as malaria (particularly in the early 
phases of the disease), and affect the same 
populations (WHO 2014). About half  of the 
world’s population still lacks access to essen-
tial health services, and many healthcare facil-
ities in resource-limited settings have scant 
diagnostic capacity (Pai et  al. 2019; WHO 
2017a). Nearly 90 new human pathogens have 
been discovered since 1980, and more new 
pathogens are emerging every decade, under-
scoring the importance of continual surveil-
lance, both disease specific and capable of 
detecting an emergent pathogen (Jones et al. 
2008; Woolhouse and Gaunt 2007).

Far from those working in Geneva, 
Brussels, or Washington to establish adequate 
global surveillance for infectious diseases are 
communities that may or may not have access 
to healthcare. The delays in diagnosis and 
treatment that affect them can mean the pro-
gression of EID case clusters to outbreaks or 
epidemics. Early detection of EID cases 
through strong healthcare and public health 
infrastructure can help decrease transmission 
both in communities and in nosocomial set-
tings if  surveillance leads to timely isolation 
of patients and infection prevention and con-
trol (Hitchcock et al. 2007). Surveillance and 
rapid diagnosis can also improve patient out-
comes through early presentation to care. At 
the individual patient level, confirmed labora-
tory diagnosis of patients with EIDs can 
expedite appropriate clinical care. At the pop-
ulation level, laboratory capacities can help 
determine the burden of existing infectious 
diseases and provide information for policy-

making and resource allocation. When labo-
ratory capacity for EIDs is linked to national 
public health systems and utilized in align-
ment with surveillance programs for endemic 
diseases, it can also help reveal data about 
coinfections and shifting disease patterns 
(Petersen et al. 2019). Such data about disease 
distribution are particularly important for the 
future of global health security: vector and 
host density and geographical spread are 
shifting with climate change and other social 
and ecological factors.

Global surveillance for influenza and novel 
respiratory pathogens requires widespread 
laboratory research capacity. In fact, WHO’s 
2019–2030 Global Influenza Strategy high-
lights the importance of research on viral 
characteristics and surveillance for variants/
strains, diagnostics and countermeasures, and 
operational research for prevention, control, 
and MCM delivery as part of national capaci-
ties for preparedness and response against 
novel influenza strains (WHO 2019a). Other 
public health capabilities, such as data report-
ing and contact tracing, linked with labora-
tory capacity can help answer scientific 
questions about emerging diseases. For exam-
ple, a viral genomic study paired with clinical 
and epidemiological data shed light on the 
possible sexual transmission of Ebola from an 
Ebola virus disease survivor over 15 months 
after symptom onset (Diallo et al. 2016).

The development of diagnostic assays dur-
ing outbreaks with novel viruses needs to occur 
in near real time after pathogen  identification, 
highlighting the importance of strong national 
public health laboratories (Roberts and 
Maslow 2018). Even for some infectious dis-
eases that were discovered decades ago, few 
facile diagnostics are available, whether because 
the genetic diversity of the pathogen helps it 
elude identification or because of limited 
investment in development, testing, and com-
mercialization of appropriate diagnostics 
(Cnops et al. 2019; Raabe and Koehler 2017). 
The development of diagnostic assays for many 
viral hemorrhagic fever pathogens, for example, 
requires maximum containment laboratories, 
most of them in high-income countries, and yet 
testing for the diagnostic efficacy of any new 
assays needs to occur where and when 
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outbreaks of these pathogens occur—often in 
low-resource regions of low-income countries 
(Carpenter and Bhadelia 2019). LMICs need 
public health laboratories with the bandwidth 
and resources to conduct such research along-
side their other functions. Technological 
advances such as next-generation sequencing 
present increasing promise for continuous sur-
veillance, rapid diagnosis, and tracking of cases 
during outbreaks. Strengthening public health 
laboratory infrastructure and related human 
resources in LMICs is critical to the full real-
ization of the promise of these technologies 
(Gardy and Loman 2018).

As with laboratory functions, the develop-
ment of core functions in healthcare delivery 
can contribute to both research and public 
health response to EIDs. In the 2018–2020 
North Kivu and Ituri EVD outbreak in the 
Democratic Republic of the Congo, for exam-
ple, up to 18% of new cases were thought to 
be nosocomial in origin (Aruna et  al. 2019; 
WHO AFRO 2019). In many LMIC health-
care settings, general infection control and 
prevention (IPC) remain weak due to lack of 
resources and training among healthcare 
workers (Vilar-Compte et al. 2017). Thus, in a 
large outbreak in a low-income country, seek-
ing healthcare is a double-edged sword: 
patients receive care, which may be of doubt-
ful efficacy with a disease like EVD, they are 
isolated from family and friends, and they 
may be at risk for transmission if  proper 
cohorting and infection control is not fol-
lowed (Weber et al. 2016).

Strong healthcare systems respond to this 
challenge through the designation of properly 
equipped spaces for patient isolation and care, 
investment in IPC resources and systems, and 
training healthcare workers to make IPC 
functional and effective. The existence of this 
basic infrastructure serves as a bedrock 
capacity on which clinical research can be 
safely and rigorously conducted, while 
decreasing transmission of common infectious 
diseases as well as the outbreak under 
investigation. When this is a viral hemorrhagic 
fever, research and clinical care both need to be 
conducted under a strict infection control 
methodology, which has usually meant 
restrictive personal protective equipment (7 In 

Practice 40.1) (Raj et  al. 2019). During viral 
hemorrhagic fever (VHF) outbreaks, 
healthcare workers in LMICs have often been 
asked to overcome a lack of both basic 
resources and training and are expected to 
perform at an expert level with personal 
protective equipment they are not accustomed 
to. In West Africa and in other VHF outbreaks, 
fear of nosocomial transmission on the part of 
healthcare workers limited the extent of 
clinical care in Ebola treatment units (ETUs), 
while infected people who feared the treatment 
units contributed to spread in the community 
(Roddy et al. 2011). Clinical research in VHF 
clinical units adds an extra level of complexity, 
requiring healthcare workers to spend more 
time at bedside and perform new activities 
beyond their clinical training—though they 
should be supplemented by research staff who 
can share patient care tasks, just as the clinical 
care workers provide research support (7 In 
Practice 17.1). IPC training and experience 
providing care within biocontainment settings 
prior to outbreaks can increase healthcare 
worker comfort and ability to adjust to new 
and more complicated tasks (Hewlett et  al. 
2015), and of course experienced research staff  
are an invaluable addition to any research 
program in such conditions.

Centers of excellence that combine clinical 
care and research can increase scientific under-
standing of the natural history of EIDs by 
allowing accurate, relatively routine collection 
of granular data about patients. Over the longer 
term, such facilities can provide data for stan-
dardization of medical care and improve sup-
portive care, which in turn allows for a more 
accurate perspective on the efficacy of experi-
mental MCMs (Bhadelia et al. 2019). The Joint 
Mobile Emerging Diseases Incident Control 
Capability (JMEDICC) program, for example, 
has worked with Ugandan partners to establish 
a viral hemorrhagic fever clinical care unit in 
Fort Portal, Uganda. A collaboration between 
U.S. and Ugandan partners, including the 
Ugandan Ministry of Health, JMEDICC is 
funded by the U.S. Department of Defense. It 
illustrates the benefits of long- term training for 
healthcare workers in laboratory operations, 
patient care, and clinical research, offering a 
platform for research and clinical capacities. 
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a

b

.       Fig. 3 JMEDICC execution schematic highlighting 
a JMEDICC approach of  increasing complexity as 
competency is established and b the multifaceted nature 

of  the project preparedness and response. JMEDICC 
Joint Mobile Emerging Disease Clinical Capability. 
(Naluyima et al. 2019)

Between VHF outbreaks, the collaboration con-
ducts research on sepsis and febrile illnesses, and 
during outbreaks it pivots to conducting clinical 
research while providing high level clinical care 
for VHF patients. The staff is trained in con-
ducting clinical research and patient care as well 
as IPC and biocontainment, along with many 
other skills needed for conducting a research 
operation (. Fig. 3). Over a period of 3 years, 
such training has helped improve staff confi-
dence and ability to provide high-quality care 
for highly communicable diseases and other 
endemic infections and increased capacity for 
clinical research. JMEDICC has worked with 
the Ugandan government and other response 
partners to receive ethical approvals and per-
formed protocol-specific training for promising 
medical countermeasures against endemic VHF, 
allowing the organization to respond quickly 
and with appropriate resources and skills to new 
outbreaks in the area (Naluyima et al. 2019).

The value of such established clinical centers 
of excellence is also apparent when one exam-
ines the need for long-term follow-up of clinical 
research participants in outbreak research pro-
grams in resource-limited settings. For example, 

tracking adverse events following immunizations 
(AEFIs) in poor communities during the post-
study period is challenging, as many participants 
may no longer have access to reliable medical 
care. In many of the Ebola vaccine trials, AEFI 
were recorded either when patients returned for 
follow up or during home visits by community 
health liaisons. Many LMICs do not have good 
national systems for tracking AEFIs in the post 
marketing period and “while clinical trial spon-
sors are responsible to put in place the safety 
assessment and reporting systems, there are often 
no national guidelines defining requirements for 
this safety monitoring” (Chen et al. 2015).

5  COVID-19 and Lessons 
for Research Capacity 
Strengthening

The COVID-19 pandemic painfully illustrated 
that lack of research and data analysis 
infrastructure limits our ability to answer 
important scientific and epidemiological 
questions about how the severe acute 
respiratory syndrome coronavirus 2 (SARS-
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CoV-2) is affected populations in LMICs 
(Gupta et  al. 2020). Where richer countries 
themselves continued to struggle to gather 
comprehensive, accurate data on COVID-19 
for public policy during a crisis, in many 
resource-limited settings data on the 
pandemic, including basics like numbers of 
cases and deaths, were even less adequate 
(Tracking covid-19 excess deaths across 
countries 2022).

Currently, our overall understanding of 
COVID-19, despite worldwide research on an 
unprecedented scale, is limited by the very 
uneven distribution of that research. For 
example, mapping of human T cell epitopes 
after infection is starkly limited to popula-
tions in high-income countries (Sette and 
Crotty 2021). Additionally, global surveil-
lance for new variants is woefully insufficient 
due to limited laboratory infrastructure to 
conduct viral genomic research in many parts 
of the world (Schmidt 2021).

Moreover, even after highly effective vac-
cines against SARS-CoV-2 completed clinical 
trials, most low-income countries have 
received little vaccine. Although the COVAX 
facility, designed to improve LMIC access to 
vaccines, had some success with broader 
distribution, it fell well short of early 
expectations (Goldhill 2021). Among the 
factors hindering something closer to 
universal distribution are insufficient global 
manufacturing capacity, lack of intellectual 
property rights agreements, lack of technical 
production know-how, and raw material 
supply shortages and disruptions (Asundi 
et al. 2021). However, efforts such as WHO’s 
mRNA technology transfer hub have been 
catalysts in knowledge sharing. Many vaccine 
manufacturers tried to expand manufacturing 
through “fill and finish” plants, where 
products are sent in bulk for the last stage of 
vaccine production in Global South countries. 
Through regional cooperation and global 
commitment, countries like Senegal and 
Rwanda are advancing their capacity for “end 
to end” vaccine manufacturing, not only for 
COVID-19 vaccines but also potential mRNA 
vaccine candidates for tuberculosis and 
malaria (Burger 2021; Jerving 2021). The fact 
that vaccines and therapeutics have yet to 

reach many populations, especially those who 
might be especially affected by deleterious 
social determinants of health, makes it harder 
to get a clear picture of the effectiveness of 
MCMs in diverse populations.

The experience of the WHO Solidarity 
trial, a large global randomized controlled 
trial evaluating the efficacy of COVID-19 
therapeutics, highlights the importance of 
multinational research collaboration, which 
can recruit diverse patient populations rapidly 
to answer critical clinical questions during 
pandemics. It also provides a framework of 
how diverse health systems with differing 
research capacity can be engaged in research 
through adaptive trial design and simple pro-
cedures (Krause et al. 2020; WHO Solidarity 
Trial Consortium 2021). The Solidarity trial 
has enrolled 2000 researchers from 52 coun-
tries and continues to serve as platform to 
answer new therapeutic questions during the 
COVID-19 pandemic. The COVID-19 pan-
demic demonstrated both the cost of not hav-
ing an equitable research landscape, but also 
how resources can be mobilized when there is 
funding and the will for new methodologies 
for global engagement in evidence generation.

6  Systemic Challenges to LMIC 
Research Capacity 
Strengthening

Improving LMIC biomedical research capac-
ity requires, first and foremost, an equitable 
approach to research in resource-limited set-
tings and a commitment to continuous invest-
ments (Bamako call to action: research for 
health 2008). Coordination between funders 
and other partners is needed to reduce 
duplicative efforts for preparedness and when 
emergency research response is required.

A long-term funding commitment needs to 
include recognition by national governments 
of the importance of research as an integral 
part of a functional healthcare system and 
continued willingness to make the 
corresponding investments. At the 2008 Global 
Ministerial Forum on Research in Health in 
Bamako, Mali, 60 countries committed to the 
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Bamako call to action: research for health 
(2008). However, in many countries such 
investment still accounts for less than 0.5% of 
gross domestic product (Fosci et  al. 2019). 
Similarly, lack of consistent, long-term 
investment from global funders is an important 
barrier to a sustainable research sector in 
LMICs. The public interest and governmental 
attention garnered during the COVID-19 
pandemic can be used to energize more lasting 
financial commitments to this issue, 
particularly through platforms like the Global 
Preparedness Monitoring Board (Eigbike 
2020).

A recent ESSENCE on Health Research 
report also highlighted the importance of 
structured efforts to facilitate shared learning 
and strengthen collaboration to coordinate 
research capacity programs in LMICs. Such 
efforts can reduce duplication and identify 
gaps to be addressed (Eigbike 2020). Lastly, 
research collaborations between high-income 
and LMIC researchers often benefit the for-
mer disproportionately in terms of academic 
advancement. Despite the existence of guide-
lines for equitable research partnerships, a 
devil lurks in the details of how academic 
institutions in high-income countries assess 
individual faculty members based on grants 
and publications, which creates an inherent 
disincentive to open space for LMIC research 
leadership (Walsh et  al. 2016). Without get-
ting into questions of whether the current 
incentive structure needs wholesale revision 
or modest reform, clearly efforts are needed 
by funders and institutions to make coopera-
tion and capacity strengthening rewarding in 
career terms for researchers (Hedt-Gauthier 
et al. 2018).

7  Conclusion

The COVID pandemic has crystalized the 
need for global scientific solidarity. Whether 
by improving our ability to detect new out-
breaks and new pathogens, reducing the time 
to emergency research implementation, maxi-
mizing our engagement with affected commu-
nities, or better reflecting national and 

regional research priorities, strong research 
capacity in LMICs and its integration into 
global EID outbreak response research is crit-
ical to our survival. The COVID-19 experi-
ence has the potential to provide political and 
social impetus toward new models of collabo-
ration, which can improve global resilience 
against new threats. Whether that potential 
will be realized is for us to determine in the 
very near future.

? Discussion Questions
 1. Define societal resilience. Discuss some 

resilience elements and contributing fac-
tors.

 2. In many low-income settings, research 
programs and capacity funding deci-
sions are made in high-income donor 
countries, and the capacity and research 
that follow may not align well with needs 
on the ground. How can LMICs better 
align research capacity investments to 
local priorities and needs?

 3. Fostering resilient health capacity 
requires, (a) investing in researchers 
from LMICs, (b) supporting the research 
institutions that house them, (c) working 
with national governments to improve 
regulatory oversight, (d) overcoming 
operational shortcomings for programs 
and products, and (e) engaging vulnera-
ble communities in research partnerships 
before crises strike. Review 7 Sect. 3, 
choose one or two of  these require-
ments, and discuss their historical prec-
edent, importance, and future directions.

 4. Research should support public health 
and clinical care functions associated 
with an EID response, both between and 
during outbreaks. Describe some 
obstacles to detecting and responding to 
EID outbreaks in places with few 
resources.

 5. List some needs for strengthening 
research capacity that became evident 
during the COVID-19 pandemic.

 6. What are the most promising 
approaches for overcoming systemic 
challenges to LMIC research capacity 
strengthening?
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 Limitations of diagnostic assays used to 
detect new or re-emerging pathogens in ani-
mals and the environment
 – The importance of testing samples from 

various sources and monitoring animal 
infectious diseases

 5 Requirements of the response or research 
program which determine field laboratory 
criteria
 – Critical elements for the adequacy of a 

laboratory and clinical research site
 – Determinative factors for the selection 

of laboratory assays and equipment for 
research response

 5 The need for regulatory management tools, 
expedited evaluation and approval pro-
cesses, and diagnostic preparedness during 
an emergency outbreak in low-resource set-
tings

 5 Challenges to specimen collection, trans-
port, and storage

 5 The role of effective laboratory biosafety 
and biosecurity for preventing and control-
ling infection

 5 The critical roles of  data management and 
effective documentation for delivering 
accurate patient test results, epidemiologi-
cal investigation, and supporting accurate 
interpretation and implementation of  find-
ings from clinical studies

 5 Key advances in laboratory, point-of-care, 
and imaging diagnostic tools; applications 
of  innovative diagnostics in outbreaks; 
and why multiple, versatile diagnostic 
technologies are important for research 
response

 5 How the lack of diagnostic capacity con-
tributed to ongoing transmission of the 
Ebola virus from a small village in Guinea 
to the cities of West Africa

 5 Obstacles that may hinder the rapid deploy-
ment of laboratories to outbreak emergen-
cies

1  Introduction

Clinical and research laboratories are indis-
pensable elements of clinical studies to assess 
candidate medical countermeasures (MCMs), 
whether for long-duration trials or for trials 
meant to rapidly establish the safety and effi-
cacy of MCMs in an infectious disease emer-
gency. Over the last two decades, there has 
been increasing recognition that clinical trials 
can be central to meeting the goals of emer-
gency response, that is, to (a) save lives and 
avert suffering, (b) accelerate the end of the 
outbreak, and (c) develop measures to prevent 
and mitigate future outbreaks (7 Introduction 
1 and Chap. 3). Not surprisingly, calls to rap-
idly deploy laboratory assets in response to 
infectious disease outbreaks or other public 
health emergencies have markedly increased 
in the last decade and continue to rise. 
Historically, diagnostic assays used to detect a 
new or re- emerging disease have been limited 
by a lack of commercial availability. When 
available, often they are highly complex, 
requiring specialized equipment and multiple 
steps, and are designed for use in CLIA-
certified laboratories.1 Deployment and scale-
up of highly or even moderately complex 
assays are limited by available infrastructure, 
including trained personnel, making their use 
in low-resource settings challenging.

The size and infrastructure requirements 
for traditional clinical and research equip-
ment and the logistical challenges associated 
with transporting and operating such equip-
ment have also contributed to limiting the 
laboratory’s role during outbreaks and the 
ability to support response research, particu-

1 The Clinical Laboratory Improvement Amend-
ments (CLIA) are a U.S. legislative standard that 
applies not only to clinical labs in the United States, 
but in many instances to labs outside the United 
States receiving U.S. grant monies. International 
Standards Organization (ISO) 15189 is the prevail-
ing standard in EU countries as well as many others 
around the world.
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larly in low-resource and remote environ-
ments (7 Chaps. 37 and 38). As a result, the 
footprint of the deployed laboratory has often 
been small, and the range of assays performed 
restricted. Technological advances have led to 
the development of smaller, more rapid, and 
more robust equipment designed to use com-
mercially available assays that can be per-
formed at or near the point of patient care. 
This equipment is designed for lower com-
plexity assays and requires minimal operation 
and data processing training. The availability 
of assays to detect high-consequence but low- 
frequency pathogens and emerging diseases 
has increased, including assays for use near or 
at the point of care. These newer-generation 
assays often have improved sensitivity and 
specificity. Advances in genomic sequencing 
have slashed the time and cost of sequencing 
novel pathogens, facilitating the rapid devel-
opment of candidate diagnostic assays and 
vaccines (7 Chaps. 11 and 12). As these newer 
technologies and assays have made it to the 
field, the role of the laboratory has been rei-
magined, setting a new standard for what is 
possible, even in the most remote settings.

2  Who, What, Where, When, 
and Why

Multiple outbreak-associated factors, along 
with the requirements of the response or 
research program, define the requirements of 
the field laboratory. The requirements, com-
bined with local capacities and available infra-
structure, will shape the capability and 
capacity of the field laboratory. Often, these 
are described as the “Who? What? Where? 
When? Why?” of the laboratory response 
(. Fig.  1). Command and control in a 
dynamic, high-stress environment are critical. 
The laboratory response must be nested 
within the larger outbreak response efforts, 
requiring coordination with local and national 
authorities, partner agencies, and healthcare 
providers. Partnership requires defining who 
will be responsible for the infrastructure, sup-
ply, set- up, and operation of the laboratory 
response. Partners should coordinate to pre-
vent duplication of effort or waste of limited 
resources and ensure that efforts are meeting 
host country needs. “Who” also includes the 
research participants and their communities. 

       . Fig. 1 Key outbreak-associated factors for field laboratories in low-resource environments. (Authors)
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It is essential to recognize that the laboratory 
is one component of a larger response effort 
and must be integrated into the response 
framework as a whole. Many aspects of the 
logistical arrangements needed for a research 
program in a low-resource environment are 
described in Book Part VII.

The what includes the availability of assays 
suited to the etiological agent of the outbreak, 
the sample types to be tested, and the require-
ments for qualitative or quantitative results, 
which will determine equipment and assay 
choices. The availability, feasibility, complex-
ity, and cost will narrow or refine selections. In 
some cases, especially with a novel pathogen, 
no assay may be available, requiring the rapid 
development and validation of diagnostic 
assays before a laboratory can be fully deployed 
or engaged. The agent/pathogen will drive bio-
safety and biosecurity needs, including per-
sonal protective equipment (PPE), inactivation 
and decontamination methods, and infrastruc-
ture requirements. Depending on the cause of 
the outbreak, vaccines, pre- and post-exposure 
prophylaxis, and reliable therapeutics may or 
may not be available. As patient care becomes 
a larger part of the response, the need for the 
laboratory to provide routine clinical labora-
tory results (e.g., clinical chemistry testing and 
complete blood cell counts) that impact treat-
ment should be incorporated into design and 
deployments. To avoid downstream complica-
tions, a pathway for reporting patient results 
while protecting patient confidentiality (to 
whom, when, and how) must be delineated and 
strictly adhered to.

Where, when, and why are the greatest driv-
ers of laboratory size and scope. Initial consid-
erations when planning a response include the 
current size and geographical scope of the cri-
sis and its projected trajectory. These will be 
overlaid with the distribution of treatment 
facilities, transport networks for moving sam-
ples and materials rapidly (roads, water, and 
air routes), and the availability of existing lab-
oratories within the region. Several important 
factors must be considered when selecting a 
specific site for the laboratory (see 7 Sect. 
3.1). Dialogue with and input from local com-
munities and community leaders is essential 
prior to laboratory deployments (7 Chap. 18).

Time is critical in emergency response 
management. In the laboratory, processing 
time, assay run time, results reporting, and re- 
supply times must all be planned for. Long 
wait times for lab results can delay access to 
treatment, increase the risk of transmission or 
exposure in quarantine facilities, and discour-
age patients or potential trial participants. 
Prolonged transport time or insufficient 
capacity may degrade sample quality, make 
results less reliable, and hinder interpretation. 
Geographically dispersed outbreaks may 
require the mobilization of multiple 
 laboratories to minimize these variables.

The terms of reference for the laboratory 
must be clearly defined and prioritized at the 
onset of  operational planning. Early engage-
ment of  the laboratory in the design of  a clin-
ical trial will help ensure the success of  the 
protocol and the laboratory. Laboratory test-
ing is often essential for determining suitabil-
ity for enrollment of  participants and reliably 
observing primary and secondary study end-
points. Upon finalization of the operational 
requirements or study design, the laboratory 
can identify suitable assays that will meet the 
needs of  the study, procure necessary equip-
ment and supplies, develop data documenta-
tion and reporting streams (7 Chap. 35), and 
ensure adequate capacity to support study 
enrollment or response efforts. Once the labo-
ratory is established, additional service 
requests are likely to arise in the course of  an 
outbreak or research study. Building or 
strengthening local capacity to enhance 
response and promote local resilience is an 
ethical requirement, often a political neces-
sity, and a practical priority for laboratory 
staff  and operations. Local staff  bring cul-
tural and geographical knowledge, have ties 
with local communities, and provide continu-
ity in cases where expatriate employees rotate 
in and out—the usual practice where there 
are hardship conditions or during prolonged 
response efforts (7 Chap. 42). Early engage-
ment of  the laboratory during the planning 
of  response efforts and research protocol 
development is required regardless of  the 
resource level of  the study location to prevent 
delays and minimize potential failures of  the 
studies.
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3  Field Laboratories

“Field” or “mobile” laboratories are terms 
often used interchangeably to describe a tem-
porary structure or facility to collect, pro-
cess, analyze, and report results on samples 
received from outbreak patients. As men-
tioned in the previous section, the size and 
scope of  the laboratory will vary depending 
on many factors, and emergency deployment 
is not restricted to low-resource environ-
ments. Mobile laboratories have been used 
for decades in various capacities, including 
routine surveillance, outbreak response, and 
research activities (Racine and Kobinger 
2019). Over time, the contents and capabili-
ties of  mobile labs have evolved to meet the 
specific needs of  outbreak situations. Mobile 
laboratories for disease diagnostics typically 
include diagnostic instruments and equip-
ment necessary for detecting and character-
izing infectious agents, which must be 
matched appropriately with the mobile labo-
ratory design. Mobile laboratories have dem-
onstrated their efficacy in disease diagnostics 
through successful evaluations with simu-
lated specimens (training) and during out-
breaks (Roh et  al. 2022; Xing et  al. 2021). 
These labs offer the advantage of  rapid and 
flexible deployment to disease transmission 
hotspots and austere locations, often in 
resource- constrained settings. Many labs 
have been expanded to include clinical assay 
support to guide case management and sup-
port response research, including clinical 
studies. The laboratory design can be as sim-
ple as a specimen tent and a lab in a suitcase 
to vehicles in a range of  sizes designed to pro-
vide or deliver laboratory space, such as 
hardened laboratory containers that can 
remain functional as a laboratory well 
beyond a typical outbreak response 
(. Fig. 2). Regardless of  the size, shape, or 
location of  the laboratory, the same quality 
and safety standards should always be imple-
mented.

3.1  Where? Site Location

The following three critical elements must be 
considered during the site selection process 
for a laboratory.

 5 Safety
 – Personal safety
 – Biosafety
 – Biosecurity

 5 Outbreak response requirements
 – Surveillance and epidemiology

 – Diagnostics
 – Pathogen identification and 

 characterization
 – Patient treatment needs
 – Clinical research data collection and 

analysis
 5 Data quality and integrity

The laboratory should be placed where the 
public health response can be addressed while 
balancing the needs and safety of the staff. 
The lab must be close enough to diagnosis and 
treatment centers to allow samples to be 
transported, received, and assayed promptly, 
in a way that does not compromise the testing 
results. Where roads are unpaved or security is 
poor, this may mean that laboratories need to 
be co-located with medical care facilities 
(. Fig.  4). In situations where the outbreak 
that has spread over a wide geographical area 
there may be a need for multiple laboratories. 
As the outbreak evolves, the location, size, 
and number of laboratories may need to be 
adjusted. A site location matrix (. Fig. 3) is a 
useful tool for comparing the advantages and 
disadvantages of candidate sites.

The laboratory site must allow for the 
work to be conducted without compromising 
biosafety or data integrity. “Biosafety” refers 
to procedures intended to protect against 
infection from or release of harmful biologi-
cal agents, including the ability to effectively 
respond to a potential laboratory exposure or 
accident. Ideally, the laboratory is established 
as early as possible in an outbreak to perform 
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       . Fig. 2 Various configurations of  mobile and deliverable laboratory systems. (Credit: Tina May/MRIGlobal)

diagnostics (including in some cases assisting 
with pathogen identification and characteriza-
tion) and to support early medical response 
by local health systems or nongovernmental 
organizations (NGOs) (e.g., Médecins Sans 
Frontières [MSF] or Doctors Without 

Borders). Depending on the response activi-
ties and requirements, as well as the trajectory 
of the outbreak, the laboratory capacity may 
need to be expanded and/or specialized labs 
established.
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       . Fig. 3 A comparison 
matrix is a useful tool for 
selecting a clinical site. 
(Authors)

Box 1: Lions, Tigers, and Wastewater: Oh My!
According to WHO, approximately 60% of all 
infectious diseases and 75% of emerging infec-
tious diseases are zoonotic (WHO et al. 2019). 
It is not surprising during an outbreak or emer-
gency response that the laboratory is often 
asked to test samples from a variety of sources. 
During the West Africa Ebola outbreak, there 
was a suspicion that the transmission was 
related to contact with contaminated wastewa-

ter or with a variety of local animals. Testing ani-
mal samples during outbreaks serves several 
purposes: identification of the source of the agent, 
informing transmission dynamics, monitoring and 
surveillance, as well as to answer basic research 
questions. Early detection of zoonotic pathogens 
in animals may allow preplacement of laboratory 
facilities and response efforts in advance of or 
shortly after spillover events occur (7 Chap. 10).

Available infrastructure may need to be 
renovated, or supplemented, to meet the needs 
of the facility. When permanent buildings are 
unavailable or unsuitable, tents, labs installed 
in vehicles or shipping containers, or tempo-
rary structures can be considered. If  there are 
sufficient resources, construction of a new 
facility may also be viable. If  an existing struc-
ture is repurposed or a new structure con-
structed, its use after the emergency should be 
considered: Can the structure be sustained as 
a medical or research laboratory? Will it have 
to be decontaminated? What will decontami-
nation entail? Decisions on the location of the 
laboratory, construction, and disposition of 
the space at the end of the outbreak must be 
made in partnership with local officials and 
other partners.

The following multiple factors contribute 
to the suitability of a given location to host a 
laboratory (7 Chaps. 32 and 40).

 5 Physical security (7 Chap. 41)
 5 Accessibility of the site
 5 Logistics, including resupply chains for 

reagents and equipment (7 Chap. 37)
 5 Availability of electronic communications 

(7 Chap. 34)
 5 Availability, reliability, and source of elec-

tricity (7 Chap. 39)
 5 Availability of clean water
 5 Adequate lighting and environmental con-

trol (7 Chap. 38)
 5 Food and lodging for staff
 5 Treatment and/or evacuation of staff  in 

case of accident, illness, or infection
 5 Waste disposal (solid and liquid)
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The intended and projected workloads of the 
laboratory are another important variable. Is 
the space sufficient to address surges in work-
loads? Secondary sites should be identified 
and prepared to accommodate work surges if  
the primary site is insufficient. Are there polit-
ical (including regional stability) and/or social 
factors that might impact or drive site selec-
tion? (7 Chap. 16 and In Practice 16.1). Com-
munity engagement or good participatory 
practice (GPP) is essential for an ongoing, 
respectful dialogue with the surrounding com-
munity to address possible suspicions and 
misapprehensions, encourage trial recruit-
ment, and mitigate “not in my backyard” sen-
timents. Every situation is unique, and in an 
emergency time for selecting laboratory sites is 
often limited. There may be no perfect site, but 
a matrix-based approach to identifying candi-
date laboratory sites may minimize  challenges.

3.2  Assay and Equipment 
Selection

Multiple factors will drive the selection of 
assays and equipment, including the pathogen 

and clinical course of disease in patients. The 
first question for the laboratory is “What are 
you trying to measure or test for?” or more 
broadly, “What question are you trying to 
answer?” The responses combined with the 
required timeframe will help narrow the selec-
tion of available assays or identify where a 
new assay needs to be developed. Other fac-
tors will include the expected number of sam-
ples and the turnaround time desired or 
required. The skill of the laboratory staff  
must be considered. Can available staff  safely 
and accurately perform complex assays or is 
there sufficient time to build personnel capac-
ity? Is the available facility suitable for run-
ning complex assays? What is the availability 
of reagents and assays? Biosafety and safe 
handling of samples cannot be overlooked. 
Ideally handling of high-hazard samples 
should be minimized and inactivation should 
be performed whenever feasible.

During the coronavirus disease 2019 
(COVID-19) pandemic and 2014–2016 West 
Africa Ebola outbreak, laboratories faced 
substantial challenges with shortages of 
reagents and disposable supplies. As travel 
and transport to and from the region was cur-

Likewise, testing of  wastewater or per-
forming wastewater-based epidemiology 
(WBE) can be useful for (1) early detection of 
the agent in new areas, (2) population or com-
munity-based monitoring, (3) monitoring in 
areas of  strong community resistance where 
people may object to providing samples, (4) 
identification or tracking of  the source, and (5) 
evaluating control/intervention methods. WBE 
has been employed in several outbreaks, 
including severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) and poliovirus.

The challenge for many laboratories is 
being able to adapt to these requests and to 
have the tools to perform the testing on these 
alternative sample types. Samples may require 
different extraction methods; controls may not 
function across different species. Assays may 
not readily transfer between species, and addi-
tional validation may be required. Outbreaks 

affecting humans and animals will require 
adjustments in other areas, including commu-
nity engagement and waste disposal. Many 
laboratories do not have the bandwidth or 
tools to validate a test for a new sample type or 
species. Veterinary diagnostic labs, if  available, 
can help characterize the pathogen, assist with 
strain identification, and contribute to epide-
miological monitoring.

When repurposing assays in the field it is 
critical to understand the limitations. For 
example, without being able to validate a test 
for a new sample type, a positive result may be 
helpful but a negative result cannot be inter-
preted. As the role of  the lab continues to 
expand and there is greater recognition of  the 
importance of  One Health research, labs 
deploying in response to an outbreak should 
expect to see an increase in the need to test 
samples beyond humans.
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tailed, shipment of supplies became even 
more difficult, requiring some laboratories to 
establish alternate means to transport sup-
plies (i.e., staff  hand-carrying large quantities 
of supplies) or develop capabilities to run 
multiple different assays for the same agent 
depending on availability. The need to pivot 
between assays complicated laboratory opera-
tions and required increased training to mas-
ter additional testing protocols and devise 
strategies to bridge between different assays. 
Other factors also influence assay selection, 
including but not limited to the cost per assay, 
sample requirements (type and volume of 
samples), the equipment’s power require-
ments, and the data’s intended use. As car-
tridge and multiplex assays, which provide 
quantitative or semi-quantitative measure-
ment of multiple analytes, have become more 
commonplace, multiplex assays are often 
favored as they provide more information 
from one test procedure. However, these 
assays are often more expensive and may be 
unaffordable or unsustainable for many coun-
tries. The use of the data will also influence 
the assays selected. Clinical care, clinical 
research, diagnostic, and surveillance needs 
differ. For clinical studies, what is being tested 
must match the protocol. Moreover, trial par-
ticipants’ informed consent must include the 
purpose of testing and analysis. Using human 
biological samples for purposes participants 
have not consented to is unethical (though it 
has not always been considered so) (Garrison 
2013).

For more information on the importation 
of study products, please refer to 7 Chap. 38. 
For transport and storage considerations, see 
7 Chap. 39.

3.3  Regulatory and Legal Concerns

Managing regulatory and legal requirements 
during an outbreak is a complex and exacting 
task, and even more so in low-resource set-
tings. Generic terms like “low-resource set-
tings” or “developing countries” should be 
accompanied by a deeper understanding of 
the local context to avoid assumptions and 
tailor regulatory compliance measures accord-

ingly (van Zyl et al. 2021). Robust regulatory 
oversight is crucial. In a bilateral partnership, 
it requires understanding and meeting local, 
national, and international requirements. 
Stringent regulatory authorities will not 
accept evidence from noncompliant trials as 
evidence for authorization or licensing, but 
they have shown flexibility in adjusting formal 
requirements during public health emergen-
cies (7 Chap. 6).

As the size of the emergency grows, 
resources will be strained; low-resource set-
tings where healthcare systems may already 
face capacity and accessibility constraints are 
especially vulnerable (Siow et  al. 2020). In 
some environments, gaps may exist in regula-
tory guidance and responsible regulators may 
have limited capacity for oversight and guid-
ance. Often the engagement of external 
experts is beneficial in these situations to aug-
ment local resources and help enhance long- 
term capacity (7 Chap. 33, In Practice 33.2, 
and 33.3). For clinical studies with human 
participants, it is essential that the proposed 
study be reviewed and approved by all appro-
priate research ethics committees (also known 
as institutional review boards). A data and 
safety monitoring plan and board to imple-
ment it are also essential (7 Chap. 23).

3.3.1  Regulatory Management 
Tools for Emergencies

Governments employed various regulatory 
management adjustments during the 
COVID- 19 pandemic and other recent public 
health emergencies. Methods including rapid 
regulatory impact assessments, consultations 
with stakeholders, and international partner-
ships helped ensure robust, substantive regu-
latory oversight during the pandemic while 
easing administrative burdens (OECD 2020). 
Complying with regulatory and legal require-
ments in low-resource settings during out-
breaks requires a multifaceted approach. 
Governments and regulatory bodies should 
leverage regulatory management tools and 
establish expedited evaluation processes to 
ensure timely access to critical medical inter-
ventions while maintaining appropriate over-
sight (OECD 2020; van Zyl et  al. 2021). 
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Working in partnership with ethical review 
committees and regulators with greater 
response capacity can help countries with 
fewer resources perform their own due dili-
gence more readily, for example, by reviewing 
collected evidence rather than gathering and 
compiling it de novo (7 In Practice 33.3). It 
is also essential to consider the unique chal-
lenges and context of  each low-resource set-
ting to develop tailored and effective 
regulatory strategies (Siow et  al. 2020; van 
Zyl et al. 2021).

Global disparities in healthcare tend to be 
especially acute in low-resource environments 
(van Zyl et al. 2021) (7 Chap. 5). The effort 
to address disparities is complicated by inad-
equate investment in healthcare infrastruc-
ture, shortages of trained personnel, and 
other scarce resources. In some areas, there 
may be profound distrust or even fear of the 
healthcare system that has become entrenched 
through the history of that country or the 
experiences of some members of the popula-
tion (Siow et al. 2020). Recognition of dispar-
ities and active engagement with the 
community is essential to ensure widespread 
access to healthcare for those in need and cre-
ate or bolster the willingness of community 
members to report disease, receive treatment, 
and participate in clinical studies (7 Chap. 18 
and In Practice 18.1). Social mobilization and 
outreach are essential to ensure that the labo-
ratory, treatment, and research centers are 
accepted by the community. Failure to engage 
the community can increase security risks to 
treatment and research sites, discourage study 
recruitment, hinder efforts to contain the 
emergency and lessen the effectiveness of par-
ticipant follow-up—all of  which could impact 
the rigor and generalizability of results. For 
example, failure to recruit study participants 
representative of the population affected by 
an outbreak may limit the applicability of 
study findings and potentially compromise 
the study results. The engagement of sociolo-
gists and anthropologists and the develop-
ment of robust social mobilization teams are 
essential to ensure that messages and engage-
ments are understandable, culturally appro-
priate, and effective (7 Chap. 26).

3.3.2  Expedited Evaluation 
and Approval Processes

During public health emergencies, such as an 
Ebola outbreak, expedited evaluation and 
approval processes for diagnostic assays, med-
ical products, and interventions are essential 
(van Zyl et  al. 2021) in order to facilitate 
prompt access to safe, effective MCMs to mit-
igate suffering and the loss of life. For many 
emerging disease threats, there are limited 
interventions, or interventions such as candi-
date vaccines are still under development. Use 
of these early-stage products may be of great 
benefit but often they have not gone through 
clinical trials in humans to assess their safety 
and potential efficacy. Ideally an accelerated 
clinical trial is designed and implemented to 
determine as rapidly and definitively as possi-
ble whether the candidate product is safe and 
provides benefit. Advanced development of 
protocols that could be rapidly adapted to 
specific situations can help reduce the amount 
of time to initiate response research and 
respond to emergencies as effectively as pos-
sible. Preplacement of these protocols and 
engagement of regulatory groups in reviewing 
these protocols should be encouraged. As 
their research capacity develops, countries at 
risk should take ownership of the preparation 
and implementation of these protocols 
(7 Chap. 8). In an emergency, such products 
may also be distributed under an expanded 
access program such as the World Health 
Organization (WHO) program for monitored 
emergency use of unregistered and experi-
mental interventions (MEURI). Such pro-
grams cannot, however, generally provide the 
scientifically well-founded results required to 
demonstrate safety and efficacy to regulators, 
and in some cases could discourage enroll-
ment in high-quality clinical trials by offering 
potential participants certain access to an 
experimental intervention rather than the 
uncertainty of a randomized controlled trial 
(WHO 2018).

3.3.3  Diagnostic Preparedness
Pathogens identified as having pandemic 
potential under the WHO R&D Blueprint, 
those causing priority diseases designated by 
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the Coalition for Epidemic Preparedness 
Innovations (CEPI), and the virus families 
included in the NIAID-sponsored priority 
pathogen approach require diagnostic pre-
paredness and may all be candidates for 
advanced development of diagnostics 
(Cassetti et al. 2022; CEPI 2023; Sigfrid et al. 
2020; WHO 2023a) (7 Chaps. 11 and 12). 
Identified pathogens with pandemic potential 
include, for example, Nipah virus, Ebola virus, 
Lassa virus, Crimean-Congo hemorrhagic 
fever virus; potential new species in virus fam-
ilies known to infect humans; and the specter 
of Disease X, an unknown and unanticipated 
new human infection. Diagnostic prepared-
ness for these priority pathogens presents the 
following specific challenges:

 5 Lack of rapid diagnostic tests. Developing 
accurate and rapid diagnostic tests for 
newly emerging pathogens can be techni-
cally challenging and time-consuming. The 
identification of specific antigens or genetic 
markers/sequences (of the pathogen) 
requires extensive research and validation.

 5 Limited access to diagnostic tools. Low- 
resource settings often face limited access 
to advanced diagnostic technologies, such 
as PCR or sequencing platforms. The 
availability and affordability of these tools 
can be a significant constraint.

 5 Diagnostic infrastructure. Establishing and 
maintaining an efficient diagnostic infra-
structure, including laboratories equipped 
with adequate biosafety and biosecurity 
measures, trained personnel, and quality 
assurance systems, is crucial but challeng-
ing in resource-limited settings.

Infectious disease emergencies present the fol-
lowing additional challenges to diagnostic 
preparedness.

 5 Rapid response. Timely response is critical 
during outbreaks, but developing, produc-
ing, and deploying diagnostic tests quickly 
enough to keep pace with a rapidly evolv-
ing situation is a demanding project. Work 
is underway to facilitate accelerated devel-
opment (7 Chap. 11).

 5 Diagnostic capacity. Low-resource settings 
often have limited diagnostic capacity, 
including inadequate laboratory facilities, 

shortages of trained personnel, insufficient 
supply chains for reagents and consum-
ables, and lack of operational equipment 
to perform complex analysis.

 5 Sample collection and transportation. 
Proper collection, handling, and transpor-
tation of samples from suspected cases to 
diagnostic facilities can be logistically 
challenging, particularly in remote areas 
with limited infrastructure and transporta-
tion networks. Improper collection, ship-
ping, or processing can lessen the value of 
the operation (7 Chap. 39).

 5 Sensitivity and specificity. Ensuring the 
sensitivity and specificity of diagnostic 
tests is essential for accurate identification 
of cases during outbreaks. However, 
achieving both high sensitivity and specific-
ity can be demanding, requiring extensive 
validation and quality control measures.

 5 Integration and coordination. Coordinating 
diagnostic efforts among different stake-
holders, including healthcare providers, 
laboratories, public health agencies, and 
international organizations, is crucial but 
can be complex, particularly in emergen-
cies when there are not yet accepted stan-
dards for identification or diagnosis. 
Difficulties are compounded in resource- 
limited settings.

 5 Data documentation, management, and 
reporting. Clear documentation of data is 
essential to allow correct identification of 
samples and to reliably link laboratory, 
epidemiological, and clinical data. Effec-
tive data management and reporting sys-
tems are necessary for real-time 
surveillance, monitoring, and decision- 
making. Poor data documentation and 
reporting compromise outbreak mitiga-
tion efforts and clinical studies. Setting up 
robust systems and ensuring their func-
tionality can be challenging, especially in 
low-resource settings with limited digital 
infrastructure. Systems should not be 
overly complex, but developed to meet sit-
uational needs with available resources. As 
long as there is Internet connectivity, even 
if  it is sporadic, demanding analytical 
work can be done in well-equipped data 
centers elsewhere (7 Chap. 35).
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3.4  Specimen Collection, 
Transport, and Storage

Specimen collection, transport, and storage 
during outbreaks can be daunting (Tripathi 
et  al. 2020). Appropriate packaging of the 
samples is necessary to protect the safety of 
the laboratory staff  and transportation teams 
and to ensure the sample can be analyzed 
(. Fig.  4). Accurate, standardized labeling, 
documentation, and reporting are crucial for 
epidemiological monitoring and control, and 
to ensure samples can be properly identified 
and results reported. Long-distance transport 
can be complicated by the availability of 
transport vehicles, personnel, and supplies. 
Air transport pilots may decline any cargo if  
they perceive it as a risk to themselves, crew, 
or others. Moreover, aviation regulations may 
vary by location and must be considered when 
attempting to transport samples or materials. 
During the 2014–2016 West Africa Ebola out-
break, it was difficult for researchers outside 
the region to obtain samples of the virus and 

patient sera, largely because the few air trans-
port assets operating in the region were 
extremely reluctant to transport the sample, 
no matter how well packaged (Steenhuysen 
2014) (. Fig. 5).

Staff  with training in packaging and trans-
port—not only the how but the why—is essen-
tial for any clinical research operation, but the 
task becomes harder where transportation 
and infrastructure are limited. Well-trained 
staff  can pivot and adjust as needed. Training 
is also needed for sample collection, to ensure 
samples are packed with clear and adequate 
documentation, in packaging that will protect 
the sample, staff, and community, and are 
transported safely, efficiently, and in compli-
ance with all regulations. All training should 
be documented. Importantly, refresher train-
ing should be done periodically or when 
breaks in procedures are identified. Transport 
of samples requires coordination and should 
only be done with the agreement and permis-
sion of the host country and in close coordi-
nation with biosafety professionals.

       . Fig. 4 A UN 
peacekeeping patrol in 
the Democratic Republic 
of  the Congo during the 
rainy season. (Credit: 
MONUSCO Photos)
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       . Fig. 5 Packaging an infectious disease sample for transport. (Credit: Bonnie Dighero-Kemp and the overseas 
support team Integrated Research Facility, Frederick MD)

3.5  Obstacles to Proper Sample 
Packaging and Transport

 5 Unreliable electrical power (Cornish et al. 
2021)

 5 Inadequate inventory management sys-
tems for samples and records

 5 Failure to develop and implement a system 
for unique identifiers to link diagnostic, 
clinical, and epidemiological records

 5 Lack of adequate supplies and materials 
for collection, documentation, packaging, 
and shipping

 5 Insufficient training for packaging and 
transport

 5 Logistical challenges (i.e., roads, vehicles, 
fuel, etc.)

 5 Lack of willing and able personnel to 
package and transport materials

4  Implementing Effective 
Laboratory Biosafety 
and Biosecurity

The Ebola outbreaks and COVID-19 pan-
demic have highlighted the critical role of 
effective infection prevention and control 
(IPC) and the need for biosecurity and bio-
safety plans. Given the potential number and 
diverse characteristics of pathogens and wide 
geographical area at risk, there is no one-size- 
fits-all solution. Every country, especially 
ones with life-threatening endemic diseases, 
must have executable national and facility- 
based biosecurity plans that can be imple-
mented within their capabilities.

Although the concept of biosecurity origi-
nated within the context of biological weap-
ons prohibition, it has expanded to all sectors 

201
9 Laboratory Needs for Research Response



 

of the life sciences and is generally used as an 
encompassing term meant to protect humans, 
animals, and plants from biological threats 
(Renault et al. 2021). The U.S. Department of 
Health and Human Services defines biosecu-
rity as protecting biological agents from theft, 
loss, or misuse (HHS 2015). International 
organizations such as WHO and the Food 
and Agriculture Organization (FAO) of the 
United Nations have a much broader defini-
tion of biosecurity, “a strategic and integrated 
approach to analyzing and managing relevant 
risks to human, animal and plant life and 
health and associated risks for the environ-
ment” (FAO 2023; WHO 2020). The overall 
approach must include the buy-in and sup-
port of the local populace and national gov-
ernment, adapted to realistic expectations of 
each country’s current capabilities and tar-
geted, executable solutions to identified gaps 
in capabilities. Major obstacles to developing 
and implementing biosecurity plans include 
lack of local community and governmental 
engagement and support, limited national 
and local infrastructure, inadequate funding, 
difficulty procuring material and supplies, and 
shortages of trained professionals.

Transparency and culturally appropriate 
strategies are necessary. Any perceived secrecy 
or untoward intentions will derail efforts and 
create an environment of suspicion and hos-
tility. Without the investment of the local and 
national government the development and 
sustainment of a biocontainment or secure 
research facility will not succeed. The human 
factor is the most important and sometimes 
difficult to capture. Inexperienced staff, local 
instability, and bad actors are all variables 
that must be considered and addressed.

The state of local and nationwide infra-
structure needs to be considered in the feasi-
bility and scope of biosecurity blueprints. The 
ability of security teams to respond to a site 
may be hampered by weather, available work-
ing vehicles, and infrastructure. Payment of 
staff  is also essential. As resources are 
stretched, are staff  receiving appropriate com-
pensation?

Continuity of electrical power has been 
previously addressed for storing samples and 
reagents, but consistent power is also neces-

sary to ensure workers can operate safely. As 
biosecurity plans are put into place, the impact 
of a power loss must be considered. The power 
source, vulnerability, and quality will directly 
impact the safety and security of the labora-
tory. As laboratories become increasingly 
complex, back-up systems, preferably more 
than one, should be set up to ensure the safety 
of the personnel in the area, the community, 
and the security of the samples. These failsafe 
approaches may include additional genera-
tors, solar-powered battery systems, uninter-
rupted power sources, other engineering 
features, and training  (7 Chap. 39).

In the past, the WHO, philanthropic orga-
nizations, and other nations have invested in 
strengthening the biosecurity of less-resourced 
countries with varying success. The long-term 
success of any program depends on sustain-
ability over time. Realistic expectations of the 
local and national budget allocations and 
partner contributions toward these programs 
will determine the feasibility of both near- 
and long-term sustainability. Many countries, 
due to competing priorities and low gross 
domestic product (GDP), cannot sustain the 
cost of running a biological containment 
facility or simply do not consider it to be a 
high priority for funding. When budgets are 
insufficient, cost cuts may include hiring less 
capable staff  or reducing vetting of staff, 
reducing or halting equipment maintenance, 
and insufficient PPE and other supplies. Low 
or intermittent pay will lead to rapid staff  
turnover and potential nefarious actions by 
insiders. As biotechnology expands the poten-
tial for what can be done in a lab, and as 
investments continue to be made in secure 
laboratory infrastructure around the globe, 
the long-term sustainability of facilities is a 
prominent concern.

5  Documentation, Data Quality, 
and Data Management

Effective data management and maintaining 
data integrity are critical for clinical diagnos-
tics to provide accurate results for the patient, 
to track the epidemiological evolution of an 
incident or outbreak, and to allow accurate 
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interpretation and implementation of  findings 
from clinical studies. Any shortfalls in data 
management and integrity can impact the 
quality and reliability of diagnostic informa-
tion, which in turn affects decision-making 
response efforts and clinical trials results. 
Data management does not require complex 
commercial systems. Simple computer soft-
ware and handwritten records are suitable if  
the data is legible and well documented—and 
if  the records can be safely maintained. On 
the other hand, there are dedicated electronic 
clinical trial data capture and management 
systems that can be used free of charge and 
will provide the safety of multiple copies of 
trial data. However, these systems require 
careful coordination with the research project 
information technology team as well as con-
siderable training for users, especially those 
with minimal computer skills (7 Chaps. 34 
and 35). It is essential that laboratory, epide-
miological, and clinical data are well linked 
through common or unique identifiers, par-
ticularly in larger outbreaks and multisite 
research efforts.

One essential for a clinical trial is high data 
quality, data integrity, and security of patient 
data (Basit et  al. 2021). Collecting accurate, 
reliable data during an outbreak can be hin-
dered by various obstacles (Eck 2018). 
Therefore, strategies to ensure data quality, 
such as standardized data collection protocols 
and rigorous validation, become crucial. Staff  
should be trained in data collection, docu-
mentation, and storage. Training staff  in 
Good Clinical Practice (GCP) (ICH 2016) 
and standardized data management is also 
useful. It is essential that data be stored safely, 
and that backups of data and study note-
books be maintained.

Data analysis and management play a 
functional role that can extend well beyond 
the patient-level analysis of clinical diagnos-
tics (O’Hare et al. 2022). Analyzing data from 
paper and electronic health records (EHRs) 
can help identify dominant themes and pat-
terns, providing valuable insights into the 
diagnosis and management of diseases like 
Ebola virus disease in its post-acute patient 
sequelae. There is often a need to confirm the 
diagnosis in patients that have long-term 

impacts from disease but may have very low 
serum levels of the virus. Robust data analysis 
techniques, including machine learning and 
data mining, can enhance diagnostic capabili-
ties, both in the post-acute phase and in the 
earliest stages of infection.

Storage and management of  data pose 
specific challenges in emergency and remote 
clinical diagnostic settings (Eck 2018). All 
too often, paper or basic spreadsheets are the 
only available option; these are functional 
but tend to require more labor for transfer to 
a purpose- made data storage system. The 
centralized or compartmentalized nature of 
paper records (or electronic ones in some 
cases) may hinder access, limiting clinicians 
and outbreak response teams from effectively 
utilizing information to improve patient care 
while dedicated MCMs remain in the future, 
for example. In areas with Internet, cellular, 
or satellite services, cloud-based solutions are 
increasingly utilized, but must be selected 
and configured to ensure data integrity and 
privacy protection. Data integrity is para-
mount in clinical trials, and ensuring accu-
rate data collection, validation, and 
preservation are critical aspects of  maintain-
ing data integrity. Protecting the personal 
information of  trial participants is an ethical 
norm and a strict legal requirement in most 
jurisdictions.

The implementation of next-generation 
sequencing (NGS) in clinical diagnostic set-
tings offers vast opportunities for comprehen-
sive genetic analysis (Eck 2018). However, it 
also presents challenges in data storage and 
management due to the large volume of data 
generated. Efficient data storage solutions 
and management strategies are necessary to 
handle the data influx and ensure its accessi-
bility and security during an outbreak. 
Transmission of the data may be very slow in 
areas with limited communication capabilities 
(7 Chap. 37).

Documentation of test control data and 
equipment validation is sometimes over-
looked. Failure to include controls or perform 
routine equipment calibrations may compro-
mise the integrity of the data. Frequently, 
quality assurance data such as control runs, 
maintenance logs, or validation materials are 
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not archived, or archived separately and diffi-
cult to access and review. Fast-moving emer-
gency response situations often require the use 
of whatever equipment is on hand or quickly 
procurable, and quality documentation for 
these instruments may be missing or limited. 
However, laboratories can actively address 
such concerns through the implementation of 
control samples, running calibration materi-
als, the use of independent proficiency panels 
to assess performance, and clear, accessible 
documentation of these efforts. As an alterna-
tive to independent proficiency panels, if  more 
than one laboratory with sufficient bandwidth 
is available, laboratories may exchange sam-
ples for comparison of results. When no other 
options are available, labs can repeat proce-
dures with a small portion of previously tested 
samples and incorporate additional perfor-
mance controls. Documentation of training 
and competency of all staff  should be part of 
the data quality assurance package. Regardless 

of the strategies implemented, it is essential 
that laboratories not just produce results, but 
implement quality assurance practices to 
ensure overall data quality and integrity.

In summary, during an outbreak and in 
response research, any lapse in data quality 
management and integrity in clinical diagnos-
tics can raise questions that significantly 
impact decision-making, response efforts, 
clinical studies, and post-outbreak or post- 
MCM- licensure data analyses. Ensuring high 
data quality, employing robust data analysis 
techniques, addressing storage and manage-
ment challenges, and prioritizing data integ-
rity is paramount. Adapting to changing 
conditions and handling large volumes of 
data are essential aspects of clinical data man-
agement during an outbreak. By addressing 
these challenges, healthcare systems can 
enhance their diagnostic capabilities and more 
effectively respond to public health emergen-
cies (. Fig. 6).

       . Fig. 6 Many recent innovations have made clinical laboratories, including mobile labs and labs set up urgently 
in emergencies, more capable than ever. Further advances can be expected. (Authors)
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6  Case Study

As the Ebola virus spread from the rural areas 
of Guinea, Liberia, and Sierra Leone to 
population- dense urban settings (Conakry, 
Monrovia, and Freetown), the need to estab-
lish diagnostic capabilities reached a crisis 
point. In 2014, there was no or very limited 
diagnostic capacity to detect Ebola virus in 
West Africa. It was not until March 2014 that 
the viral disease that had appeared in Guinea 

in December 2013 was identified as Ebola, 
and until mid-April testing of suspect cases 
required the transport of samples to a mobile 
response laboratory run by the European 
Union in Guinea, taking hours and some-
times days.

The request for laboratory support was 
unique in that the Liberian Ministry of Health 
not only desired in-country Ebola testing to 
be established, but wanted that capability 
transferred to their national reference labora-

       . Fig. 6 (continued)
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       . Fig. 7 Layout of 
PREVAIL laboratory space 
at the Liberian Institute 
of  Biomedical Research. 
(Credit: Saraina 
Adams/USDA)

tory. The inclusion of training as a primary 
mission objective during an active outbreak 
adds significant work and stress to deploying 
teams. This stress is compounded when the 
previous experience and skill level of the staff  
to be trained is unknown or limited. The site 
for the laboratory was preselected at the 
Liberian Institute for Biomedical Research 
(LIBR), an aging 1970s research facility 
located approximately 65 miles outside of the 
capital. An HIV laboratory diagnostic space 
composed of a single room with a class II bio-
safety cabinet (BSC) and several small rooms 
was identified for the team’s use. Electricity 
was provided by generators which ran several 
hours a day; power spikes were common. The 
facility was without running water during the 
dry season and water leaked through the roof 
and carried bat guano into the labs during the 
rainy season.

Due to the unknown availability of sup-
plies in the country, all equipment and sup-
plies were hand-carried by the team coming to 
the country on commercial flights. Available 
assays at the time were limited and there were 
no assays with regulatory approval. Two 
assays developed by the U.S. Army, EZ-1 and 
MGB, were selected because the Army had 
applied for (but not received) emergency use 

authorization (EUA) with the Food and Drug 
Administration and could provide the assays 
(Bettini et al. 2023; Presser et al. 2021). (The 
EZ1 assay did receive an EUA designation 
during the outbreak.) The use of two assays 
allowed cross-checking to increase stringency 
and reduce the likelihood of false positives. 
Samples were considered positive only if  both 
targets were detected. If  a single target was 
detected the sample was considered indeter-
minate, and repeat testing in 48 h was recom-
mended. In addition, a standard ribonuclease 
P (RNaseP) assay was included to ensure sam-
ple quality. As the outbreak continued, other 
Ebola virus assays were developed and vali-
dated for platforms including Biofire® and 
Cepheid®.

The provided space consisted of four 
rooms and a hallway with a single-door access 
from the LIBR main wing hallway (. Fig. 7). 
To ensure the highest available level of bio-
safety containment, the room with the bio-
safety cabinet was used to process all 
specimens from suspected cases. In the 
absence of engineering controls, attempts to 
create directional airflow were implemented 
by disabling air conditioning in the sample 
processing room, creating a temperature dif-
ferential with surrounding rooms. To limit 
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cross-contamination issues, the reagent mix-
ture room and sample loading spaces were 
segregated as seen in . Fig.  7. Small trash 
buckets and spray bottles were placed on the 
entry and exit areas of the space to serve as 
chemical disinfectant spaces (dunk tanks). 
Since the location lacked a vestibule area to 
allow for donning and doffing PPE, a curtain 
was used to establish an area for this function.

Appropriate PPE is based on a risk analy-
sis intertwined with the facility design, 
planned procedures, and the primary contain-
ment equipment present, and focuses on the 
type(s) of exposures anticipated (splash, 
spray, touch) and the overall risk to the staff  
member when exposed to specific agents. PPE 
must be durable and appropriate for the task 
of preventing exposure. Powered air-purifying 
respirators (PAPR) were selected for multiple 
reasons. PAPRs have the benefit of preventing 
accidental contamination of mucosal mem-
branes by staff  members touching their faces 
or adjusting PPE; fit testing for N95s in the 
field was not possible and the use of PAPRs 
eliminated the risk posed by face shaving, as 
micro-abrasions create a potential portal of 
entry for infection.

A variety of commercial disinfectants have 
been identified as suitable for Ebola virus 
decontamination. Given the availability, local 
use, and effectiveness of chlorine bleach as a 
disinfectant in clinical settings, it was chosen as 
a primary method for decontaminating sur-
faces potentially contaminated with Ebola 
virus. Full-strength bleach, however, is corro-
sive, a contact irritant, and emits toxic fumes—
not ideal in an unventilated space. A diluted 
bleach solution was used to reduce these haz-
ards while killing the virus (. Fig. 8) (PHAC 
2023; WHO 2023b). A contact time of 10 min is 
ideal and fresh preparations were made daily, or 
when high amounts of organic material (e.g., 
blood) were mixed with the solution. In some 
cases, a 5% solution of water and MicroChem 
Plus® was used with sensitive equipment and 
metal that could be damaged by bleach.

Local staff  had limited prior laboratory 
experience. A major emphasis in training was 
how to safely handle samples, hazardous 
waste disposal (liquid and dry waste), proper 
biological safety cabinet use, and sample flow 

to prevent molecular assay contamination. 
Most notable was learning and practicing the 
principles of PPE—donning and doffing the 
PPE in a logical and safe manner, and how to 
test and care for the PAPR and disposable 
PPE. Staff  were also trained in basic labora-
tory principles and techniques, such as PCR- 
based assays, molecular assays, reagent 
preparation, prevention of common contami-
nation issues, and troubleshooting. Most 
importantly, they learned to interpret assay 
results and discussed in depth the implications 
of false positive or false negative results for 
the clinical setting. A train-the-trainer 
approach was used to reinforce training and 
ensure program sustainability.

LIBR was one of several laboratories 
eventually established in the region. Many of 
the laboratories reported common challenges. 
For example, consistent and reliable electricity 
was a primary issue. Molecular assays require 
uninterrupted power during the run and fre-
quent power interruptions and surges com-
promise runs. In addition, variable power 
resulted in instrument failures and compro-
mised reagents due to temperature fluctua-
tions in freezers without power.

Communication was also a constant con-
cern. Intermittent Internet, Wi-Fi, and cellu-
lar signals at the laboratory compounded 
problems with logistical issues and data 
reporting. Internet access was often down for 
days to weeks during the outbreak.

Waste disposal at the site was another hur-
dle. The plumbing often failed or was unus-
able. The site had a purpose-built incinerator, 
but it was collapsing. Fuel for burning was in 
short supply. Burn barrels or the use of a pit 
provided usable alternatives. Safe and secure 
storage of waste was another common issue. 
Bags of waste should be stored in a secure 
area with limited access prior to incineration 
or destruction.

Sample packing, identification, and qual-
ity were also problematic. Samples often 
arrived unpacked or simply inside a glove, 
posing risks to everyone from the collector to 
the delivery team to the laboratory workers. 
Sample labels were difficult to read or miss-
ing. Samples arrived frozen and in varying 
amounts. Educational materials were pre-
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       . Fig. 8 Instructions for using bleach as a disinfect for Ebola virus and other pathogens. (Credit: Saraina Adams/
USDA)

pared to train staff  in appropriate sample col-
lection type and labeling, and a drop-off point 
was established to receive and log samples and 
provide supplies for collection and transport 
as the teams needed, including data collection 
sheets once they were developed.

The teams that responded and worked 
with the national team at LIBR faced a rap-
idly changing situation. Sample numbers grew 
from the tens to the hundreds during the out-
break. Staff  had to be adaptable and adjust to 
the challenges in the field. Training and the 
overall curriculum had to be adapted daily to 

meet the needs of the teams. The mission was 
an overall success, in large part due to local 
and international partnership and the willing-
ness of the teams involved to be nimble and 
resilient.

7  Summary and Conclusion

Laboratory responses to emergencies face 
new, unanticipated obstacles in every out-
break. The first of these is often the logistics 
of transporting staff, reagents, and equipment 
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to where they are needed. Preparedness of 
staff  for deployment is often not just a matter 
of a passport and plane ticket. Visas, vaccines, 
and medications, to say nothing of jobs and 
family left behind, can delay departure.

Other delays are likely because equipment 
or reagents are not immediately available for 
rapid deployment. Since specialized labora-
tory equipment is often procured through spe-
cial orders, prestaging or early acquisition of 
these items can significantly reduce the time 
from first detection of a new or re-emerging 
pathogen to deployment of lab teams. This in 
turn requires resources for the storage and 
continued maintenance of equipment as well 
as replenishment of supplies as they approach 
expiration. Depending on the location of the 
outbreak, there may be additional consider-
ations, including inadequate transport 
options, import barriers, and customs clear-
ance that hinder the importation of materials 
and supplies. National or regional instability 
may also limit the willingness and ability of 
staff  to deploy to conflict areas.

As rapid deployment of laboratories has 
become more common, new challenges have 
emerged. The first is the retention or disposition 
of samples after an emergency. Establishment 
of biobanks or biorepositories is of growing 
interest. However, the use of retained samples 
raises ethical considerations. Can deidentified 
samples be used? Are samples collected from 
deceased individuals covered by human subject 
guidelines? Were the samples collected with 
informed consent, and what uses did it cover? 
What can be done and by whom is a growing 
discussion area and will be heavily driven by 
local human subject protection review. The 
cost–benefit of proposed biobanks should be 
considered. Maintenance of biobanks requires 
funds for freezers, fuel, personnel for maintain-
ing samples, and software for inventory and 
biosecurity features to ensure that samples are 
maintained safely. The long-term retention of 
samples containing high-consequence patho-
gens is a growing global biosecurity concern. 
Another challenge is the blurring of the line 
between public health response and research 
and the desire to publish results and informa-
tion while protecting individuals’ rights and pri-
vacy. All too often, a lab is requested to run 

additional tests, but concerns are raised when it 
is unclear how the requested tests support the 
public health response, patient care, or clinical 
protocol requirements (7 Chap. 7).

The end of the response brings other 
responsibilities, such as disposition of equip-
ment, reagents, and the laboratory. Working 
with the local teams, decisions must be made 
whether to decontaminate and decommission 
or transfer the lab to local control. Equipment 
must also be managed accordingly. Broken 
equipment should be thoroughly decontami-
nated before disposal. All waste should be 
inactivated before disposal. Samples should 
be properly stored and transferred to local 
authorities or disposed of appropriately. 
Records should be transferred. If  samples, 
equipment, or facilities are retained, trained 
local staff  and adequate resources are essen-
tial, with some assurance provided that the lab 
will be sustainable. The closing or transfer of 
the laboratory should be well planned and 
highly coordinated with local officials and 
partners. As laboratory response capabilities 
continue to evolve and grow, the expectations 
for what laboratory teams can do will grow 
too, sometimes outstripping reality.

? Discussion Questions
 1. Discuss the who, what, where, when, 

and why of  outbreak-determined fac-
tors and requirements of  the response 
or research program, which shape the 
capability and capacity of  the field 
laboratory.

 2. Define field/mobile laboratories.
 3. Describe the critical elements and fac-

tors that contribute to the suitability of 
a given location to host a laboratory.

 4. Describe the multiple factors that drive 
the selection of  laboratory assays and 
equipment for research response.

 5. Managing regulatory and legal require-
ments during an emergency outbreak is 
a complex and exacting task, especially 
in low-resource settings. Discuss the 
need for
 (a) Regulatory management tools
 (b) Expedited evaluation and approval 

processes
 (c) Diagnostic preparedness
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 6. What common obstacles are there to 
specimen collection, transport, and 
storage?

 7. What is the role of  laboratory biosafety 
and biosecurity?

 8. Why is good data management essen-
tial to successful clinical trials?

 9. What advances in laboratory, point-of- 
care, and imaging diagnostic tools have 
revolutionized healthcare and outbreak 
response?

 10. How have improved diagnostic tools 
led to better care and outcomes for 
patients and potentially infected con-
tacts during outbreaks?

 11. How did Ebola virus transmission 
through chains of  contact from rural 
areas to cities in West Africa demon-
strate the need for better diagnostic 
capacity?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Zoonotic diseases that have emerged or 
reemerged at the wildlife–livestock–
human–environment interface and some 
indications of potential spillover

 5 Zoonotic pathogen circulation, pathways 
to emergence in humans, and potential for 
sustained human-to-human transmission

 5 Opportunities to deploy targeted preventive 
measures against spillover; how pre- 
outbreak information bolsters global health 
security

 5 Why many zoonotic pathogen spillovers 
cannot be predicted or anticipated

 5 New data streams needed to better charac-
terize the wildlife–livestock–human–envi-
ronment interface

 5 Recommendations for better preparedness 
for and response to infectious disease emer-
gencies

1  Introduction

This chapter will examine what we know 
about how and where zoonotic disease threats1 
emerge and key gaps in the information 
needed for preparedness, both before an out-

1 In most usage “zoonotic” refers to pathogens like 
Ebola virus, some coronaviruses, and Nipah virus 
that are transmissible between vertebrate hosts and 
humans. This chapter will mostly focus on zoonotic 
viruses that can be transmitted from vertebrates to 
people by direct contact, but also includes vector-
borne viruses.

break and in emergency response. The mecha-
nisms of zoonotic pathogen spillover and 
adaptation to humans are in many cases 
poorly understood and require sustained and 
focused research to
 1. Characterize spillover mechanisms.
 2. Develop interventions to reduce spillover, 

amplification, and onward transmission of 
emerging zoonoses.

 3. Design and assess interventions such as 
diagnostics, therapeutics, and vaccines.

 4. Refine surveillance targets.
 5. Prepare for accelerated response where 

risks are greatest, ideally through local 
capacity building.

In this chapter, “pre-outbreak information” 
refers to data on known or potential zoonotic 
pathogens circulating in animals, humans, or 
blood-feeding arthropods before the first clus-
ter of infections among people is recognized 
and reported (. Fig.  1). Spillover may also 
result in limited human-to-human transmis-
sion that does not sustain itself  and is never 
detected.
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       . Fig. 1 Phases of  human outbreaks with emerging zoonotic pathogens. (Authors)

2  Why Is Pre-outbreak 
Information Important?

Given the substantial impact of emerging 
zoonoses and the present scarcity of tools for 
prevention, detection, and response, along 
with the need to regularly update those that 
exist, investments in collecting and analyzing 
pre-outbreak information and using the 
results to reduce spillovers and limit their 
amplification and geographical spread would 
likely yield a high return on investment and 
strengthen global health security (Bernstein 
et  al. 2022; Berry et  al. 2022; World Bank 
2012).

Collecting pre-outbreak information pres-
ents a unique opportunity to synthesize and 
distill pathogen, host, ecology, and other 
sources of data into actionable risk mitigation 
and to guide preparedness for future out-
breaks in human populations. Reasons for 
investing in collecting pre-outbreak informa-
tion are described below.

2.1  Impact of Uncontrolled 
Emerging Zoonoses

Novel pathogens have emerged in hominid 
populations over millions of years, sometimes 
followed by devastating epidemics or pan-
demics that have caused long-lasting social 
and economic damage, re-shaped society, and 
led to selection of protective genes in the 
human genome (Klunk et  al. 2022). Since 
1900, zoonotic pathogens have been respon-
sible for at least six worldwide viral pandem-
ics, caused by HIV, SARS-CoV-2, and 
influenza viruses, as well as numerous human 
outbreaks of highly pathogenic avian influ-
enza, Ebola virus, Hendra virus, Marburg 
virus, MERS- CoV, mpox (previously known 
as  monkeypox) virus (WHO 2022f), Nipah 
virus, and SARS-CoV-1 (Piret and Boivin 
2021). The global health and economic 
impacts of some emerging threats have been 
enormous. For example, the 1918 influenza 
pandemic killed more than 50 million people 
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(CDC 2018a); HIV-AIDS has resulted in 
more than 36 million deaths (UNAIDS 2022); 
and the death toll of  COVID-19 is more than 
6.6 million people as of January 2023 (WHO 
2023c). In many cases, the economic impacts 
of pandemics have driven people into poverty, 
especially in low- and middle-income coun-
tries (WBG 2022a).

By breaking down the expected costs of 
relatively infrequent pandemics on an annual 
basis, Fan et al. (2018) estimate the costs of 
influenza pandemics totaled approximately 
$500 billion annually, or about 0.6% of global 
income. For the COVID-19 pandemic, many 
economic sectors dropped by double-digit 
percentages in 2020 alone (Delardas et  al. 
2022), which is within the range of outcomes 
examined by Fan et al. With the rate of zoo-
notic pathogen emergence increasing, and 
climate- change related alterations at human–
animal–environment interfaces, the future 
impact may be greater (Morand and Walther 
2020). For example, one study estimated that 
while the probability of large epidemics varies 
over time, there is a 38% chance of experienc-
ing a pandemic equivalent to COVID-19  in 
the next 100 years, and this may double in the 
coming decades (Marani et al. 2021).

2.2  Increasing Rates of Emergence 
and Potential Future Threats

Of the more than 1400 known human patho-
gens, over 60% are of zoonotic origin (Taylor 
et al. 2001). A retrospective study of new dis-
eases emerging between 1940 and 2004 pro-
vides other key information:

 5 The rate of emergence (not merely the rate 
of detection) after adjusting for sampling 
bias has been increasing over time.

 5 Most new threats are viruses originating in 
wildlife.

 5 “Hot spots” for emergence are likely to be 
concentrated in tropical and sub-tropical 
regions.

 5 Resources for detection and response are 
not well distributed geographically or 
equally, and may be least available in low- 
latitude countries where the risks are great-
est (Jones et al. 2008).

In addition, there are likely millions of 
uncharacterized viruses in mammals and 
birds, with roughly 700,000 of these estimated 
to be capable of crossing the species barrier to 
infect humans (Carroll et  al. 2018). If  new 
pathogens can cause asymptomatic infections, 
or if  there is a long lag between infection and 
symptom onset, as with HIV, there may be 
“silent” (i.e., undetected) transmission in 
high-risk individuals.

Uncontained disease transmission among 
humans increases the risk of new pathogens 
becoming endemic in human populations and 
becoming established in previously uninfected 
animal species through spillback. Examples 
include SARS-CoV-2 spilling from people 
into multiple mammalian species and pan-
demic H1N1 influenza spilling from people 
into birds, pigs, and other mammals; spillback 
of mpox is also a concern (Blagrove et  al. 
2022; Frazzini et  al. 2022; Keenliside 2013). 
The establishment of new animal reservoirs 
for zoonotic pathogens has important impli-
cations for their control and containment.

2.3  Availability of Targeted 
Interventions to Prevent, 
Detect, and Respond 
to Emerging Zoonoses

Many infectious diseases in humans, such as 
malaria, measles, and tuberculosis, have been 
known for centuries or millennia, and in many 
cases there are existing strategies and vaccines, 
therapeutics, and diagnostics (VTDs) to 
address them. However, for new and emerging 
zoonotic diseases, information, strategies, and 
tools to counter them may neither be available 
nor effective—particularly in acute outbreak 
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settings where pathogen characteristics, modes 
of transmission, and clinical presentation may 
yet to have been fully elucidated. Examples of 
delays in the initial recognition, reporting, and 
implementation of interventions include the 
responses to HIV/AIDS, the 2014–2016 West 
Africa Ebola epidemic, and the current mpox 
public health emergency; these have resulted 
in thousands or millions of human infections 
occurring (CDC 2022a; Gallo and Montagnier 
2003; WHO 2022a, b, 2023d). Even the rela-
tively swift identification and genome sequence 
publication of the SARS CoV-2 virus did not 
prevent the outbreak from spreading world-
wide because many countries were operating 
without critical information to inform timely, 
evidence- based decision-making or chose to 
ignore expert advice, thereby delaying action. 
However, the genomic sequence information 
was rapidly used to develop diagnostics, thera-
peutics, and vaccines.

2.4  Time, Focus, and Resources Are 
Limited Once Outbreaks Start

Research and surveillance efforts to collect 
missing information on emerging zoonotic 
diseases require a number of necessary, but 
time-consuming steps: building trust and 
establishing partnerships with affected popu-
lations, securing approvals from regulatory 
bodies, national and local governments, and 
other stakeholders, developing strategies, and 
training and equipping staff  and institutions 
to do the work. It is easier to implement these 
steps between outbreaks because there is more 
time available, although funding can be a 
challenge unless this work has been priori-
tized by countries and donors. Serial episodes 
of pandemic response and repeated cycles of 
panic and neglect undermine the ability to dis-
cern patterns of spillover risk and guide inter-
ventions aimed at prevention. A prime 
example is the Ebola virus, which was first 
reported in 1976. Despite more than 30 out-
breaks affecting 19 countries (nine of which 
occurred between 2017 and 2022) (CDC 
2022b), the natural and incidental animal 
hosts for this family of viruses in endemic 

countries have not been definitively identified, 
although some bat species are thought to play 
a significant role in viral maintenance and 
transmission (Schuh et al. 2017). Indeed, West 
Africa was not considered to be at risk for 
Ebola until the 2014–2016 outbreak.

In an ideal world, collection of pre- 
outbreak information through early warning 
surveillance would complement outbreak pre-
vention, detection, and response efforts. These 
components would be adequately funded and 
coordinated to maximize the chances of 
reducing the incidence and impact of out-
breaks, epidemics, and pandemics. Pre- 
outbreak information would support a global 
early warning system to detect and respond to 
outbreaks by providing early information on 
potential public health threats and allow for 
targeting of surveillance at specific locations, 
interfaces, and species associated with spill-
over. At the same time, pre-outbreak informa-
tion would also contribute to pre-outbreak 
planning to include the development of spill-
over prevention strategies as well as the devel-
opment of VTDs (Carroll et al. 2018).

3  Pre-outbreak Information: What 
We Already Know About How 
and Where Pathogens Emerge

Information gathered over the last few decades 
has provided valuable—though not com-
plete—insights into the zoonotic disease 
emergence process. Key points are summa-
rized below.

3.1  The Risk Landscape Is Not 
Uniform: Specific Conditions 
Create Spillover Hot Spots

Emergence of zoonotic threats is complex and 
requires that humans, infectious agents, their 
animal hosts, and arthropod vectors such as 
ticks, fleas, or mosquitoes (if  needed for trans-
mission) are all present in the same place and 
time (Plowright et  al. 2017). These interac-
tions are part of a dynamic and continually 
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evolving process (Hendry et  al. 2017). Even 
when a pathogen infects humans, however, 
onward transmission is far from certain. 
Following spillover, if  the infectious agent, 
host immune response, and population 
dynamics do not permit sustained human-to-
human transmission, the event will likely die 
out. However, if  the agent is capable of (or 
subsequently develops the capacity for) effi-
cient human-to-human transmission in an 
immunologically naive population, as was the 
case for SARS-CoV-2, the spillover event may 
be followed by amplification and geographical 
spread, resulting in a country, regional, or 
global outbreak. Spillover of wildlife-hosted 
pathogens to people can happen directly (e.g., 
from wildlife to hunters or consumers) or 
indirectly via livestock.

If  sufficient information is available on 
human, pathogen, animal host, and vector 
populations, predictive modeling can be a 
powerful tool to map potential spillover hot 
spots. As shown in . Fig. 2, spillover risk for 
emerging zoonotic threats is predicted to be 
highest in forested regions in the tropics that 
are elevated and undergoing land-use changes, 
and also in areas with high wildlife biodiver-
sity, primarily in sub-Saharan Africa, South 
and Southeast Asia, and East Asia (Allen 
et al. 2017; Jones et al. 2008). This hot spot 
mapping is mostly consistent with the loca-

tion of spillovers of avian influenza viruses, 
Nipah virus, SARS-CoV-1, and SARS-CoV-2 
in South and Southeastern Asia, as well as 
Ebola, HIV, Marburg, and Zika viruses in 
East and Central Africa. Regions with a high 
risk of spillover tend to have significant biodi-
verse and abundant wildlife populations 
(including species hosting emerging zoonotic 
threats), livestock production and trade with 
sub-optimal biosafety/biosecurity conditions, 
and land-use change. It is important to note 
that multiple spillover hot spots may be con-
nected, existing as nodes in a transmission 
chain, and that the spillover potential may 
vary from location to location and at different 
times in the same location. For example, coro-
navirus detection rates increased as rodents in 
Vietnam were moved from their source along 
supply chains to markets (Huong et al. 2020).

While predictive model outputs are instruc-
tive and useful for framing risk profiles, it is 
important to recognize that they have inherent 
limitations, and that predictive accuracy is 
highly dependent upon data availability and 
use. Because of disparities in funding for 
research and surveillance, the United States 
and European countries often report individ-
ual human infections with Lassa virus, 
MERS-CoV, and mpox virus in travelers from 
endemic countries in Africa, Asia, and the 
Middle East (Allen et al. 2017). The fact that 

       . Fig. 2 Heat map of  predicted relative risk distribution of  zoonotic EID events, showing the estimated risk of 
event locations after factoring out reporting bias Hot-spots map 2.0. (Allen et al. 2017; open access)
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biodiverse regions such as the Amazon that 
are experiencing increasing rates of land-use 
change do not show up as spillover hot spots 
suggests that zoonotic spillover risk is not cap-
tured equitably across the world (de Oliveira 
et  al. 2022; Winck et  al. 2022). This is sup-
ported by the emergence of MERS-CoV in 
the Arabian Peninsula, the 2009 H1N1 pan-
demic influenza virus in Mexico, and Lyme 
disease in the United States (Memish et  al. 
2014; Smith et al. 2009; Steere et al. 2004).

3.2  Specific Conditions and Human 
Behaviors at Hot Spots 
Affecting Spillover, 
Amplification, 
and Geographical Spread

Human behaviors and activities play an 
important role in the amplification, transmis-
sion, and dispersal of emerging zoonotic dis-
eases (Lindahl and Grace 2015). The evolution 
and adaptation of humans have changed our 
exposure to the environment, while at the same 
time radically modifying our relationship with 
each other, the landscape, livestock and com-
panion animals, wild animals, and vectors 
(Hendry et  al. 2017; Nyhus 2016; Plowright 
et al. 2021). Anthropogenic environmental dis-
ruptions, including land-use change, agricul-
tural intensification, and food production 
systems, drive the emergence of infectious dis-
eases (Gibb et  al. 2020; Keesing and Ostfeld 
2021). The vast majority of tropical forest loss 
is caused by agricultural expansion; among 
the impacts is increasing zoonotic spillover 
(Pendrill et al. 2022). Within known geograph-
ical hot spot regions for spillover, specific ani-
mal–human interfaces may have increased 
frequency and duration of contact among 
humans, livestock, and wildlife (and vectors) 
because of agriculture and grain storage near 
homes (Lassa virus); raising livestock (avian 
influenza); mineral extraction and visiting 
caves (Marburg virus); collection of fruit tree 
sap (Nipah virus); and contact with wildlife 
during hunting, farming, or trade (Ebola, 
HIV, SARS-CoV-1, mpox) (CDC 2003; 

Glidden et  al. 2021; Plowright et  al. 2017). 
Other potential spillover interfaces include 
bats roosting in homes (Schuh et al. 2017), bat 
guano farming (Huong et al. 2020), and keep-
ing primates and other wildlife as pets (Chomel 
et  al. 2007). After spillover occurs, zoonotic 
pathogens can be amplified in human popula-
tions by crowded living or working conditions, 
congregation, inadequate infection prevention 
and control in healthcare facilities, and sexual 
behaviors, leading to geographical dispersion 
through travel and trade (Jones et  al. 2013; 
Poletti et  al. 2017). Shifting demographics—
including a trend toward urbanization—and 
historically underserved and mobile popula-
tions without access to healthcare may further 
serve to amplify pathogen transmission among 
people and create routes for global dispersal. 
A summary of some pathogens, animal hosts, 
and spillover interfaces is shown in . Fig. 3.

Human behavioral measures, the mainstay 
of early public health response to an infec-
tious disease emergency, can also be protec-
tive in reducing spillover (Magouras et  al. 
2020; WHO et al. 2019). Examples include:

 5 Limiting contact with and consumption of 
animals, especially wildlife and sick ani-
mals

 5 Wearing protective gear when in contact 
with animals

 5 Vaccinating at-risk people (when available, 
e.g., rabies, yellow fever)

 5 Avoiding contaminated fruit
 5 Excluding wild animals from homes, 

whether as pests or pets
 5 Rearing livestock in biosafe and biosecure 

environments
 5 Implementing food safety measures, 

including boiling or pasteurizing bever-
ages (e.g., water, milk), cooking food, and 
ensuring hygiene and sanitation in food 
preparation

Subsequent amplification and geographical 
spread of zoonotic pathogens in human popu-
lations can also be reduced by changing human 
behaviors, such as wearing masks; social dis-
tancing; infection prevention and control in 
healthcare facilities; vaccination (when avail-
able, e.g., influenza, COVID-19, yellow fever, 
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       . Fig. 3 Examples of  zoonotic pathogens that have 
(re-)emerged at the animal–human–environment inter-
face. Transmission pathways include direct contact 
through handling of  living animals (wildlife trade, 

domestic animals) and preparation of  slaughtered ani-
mals for consumption of  meat or for traditional medici-
nal uses. (Magouras et al. 2020)

mpox); and pre- and post- exposure prophy-
laxis, partner reduction, and safe sex (Groves 
et al. 2021; Michie and West 2021).

3.3  Certain Animals Tend 
to Be Associated with Zoonotic 
Pathogens and Spillover 
Events

Numerous studies have shown that animals 
such as bats, rodents, nonhuman primates, 
and birds are more likely to be associated with 
zoonotic spillover than other animals (Luis 
et al. 2013; Olival et al. 2017). Pathogens may 
be widely distributed among these animal 
groups or limited to specific species (e.g., 
Marburg virus hosted by Rousettus bats). This 
is likely due to several factors, including the 
following:

 5 Their genetic relatedness to humans
 5 Relative abundance, density, and geo-

graphical distribution of species
 5 Biodiversity and loss of biodiversity in 

ecosystems
 5 The ability of some species to adapt to liv-

ing in human-altered ecosystems
 5 Animals being farmed and traded because 

of their value for food and medicine or as 
pets

Furthermore, taxa predominating in human-
altered landscapes are more likely hosts for 
zoonotic disease than those in undisturbed 
locations. The protective effects of biodiver-
sity in mitigating disease emergence risk, pos-
sibly through a dilution effect, have also been 
observed (Keesing and Ostfeld 2021). Collec-
tively, as Mollentze and Streicker (2020) note, 
four taxonomic groups (bats, rodents, nonhu-
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man primates, and birds) are known to host 
many epidemic-prone pathogens, including 
pre-cursors of SARS-like coronaviruses and 
MERS-CoV; Ebola and Marburg viruses; 
avian influenza viruses; Hendra and Nipah 
viruses; and Hanta and Lassa viruses. In 2022, 
a study found that the overall rate of discov-
ery of viruses in mammals, even those heavily 
sampled, is increasing or constant, illustrating 
that our understanding of virus diversity is 
still incomplete (Gibb et al. 2022).

In some animal hosts, biology and life his-
tory can result in seasonal shedding of zoo-
notic pathogens. For example, the reproductive 
pulses of bats appear to drive coronavirus 
shedding and filovirus and henipavirus serop-
revalence patterns (Brook et al. 2019; Hayman 
2015; Joffrin et  al. 2022; Montecino-Latorre 
et al. 2020). Bird migration patterns and tim-
ing may play a role in the seasonality of avian 
influenza events, although not universally. In 
Bangladesh, little seasonality was observed in 
transmission within live bird markets (Berry 
et al. 2022; Tian et al. 2015; Wacharapluesadee 
et al. 2009). There is also evidence of season-
ality of MERS-CoV in camels, Lassa virus in 
Mastomys rats, and Nipah virus in flying foxes 
in Thailand (Akhmetzhanov et  al. 2019; 
Dudas et  al. 2018; Wacharapluesadee et  al. 
2009). Vector-borne infectious diseases are 
also driven by seasonal patterns. In temperate 
climes, temperatures and rainfall drive the 
proliferation of mosquitoes and subsequent 
outbreaks, as seen with Rift Valley fever virus 
(Anyamba et al. 2009).

3.4  Some Zoonotic Pathogens Are 
More Capable of Spillover

Many properties are intrinsic to individual 
viruses or families of viruses and make them 
especially adept at spilling over from animals 
to people (Antonovics et al. 2017; Duffy et al. 
2008; Finlay and McFadden 2006; Grassly 
and Fraser 2006; Kreuder Johnson et  al. 
2015). These include

 5 Adaptability through rapid mutation, 
especially for RNA viruses

 5 Stability in the environment

 5 Transmissibility via multiple routes (e.g., 
saliva, urine, feces, blood)

 5 The ability to infect multiple host species 
(i.e., host plasticity)

 5 Ability to evade or suppress host defenses

3.5  Spillover of Zoonotic 
Pathogens Can Change 
Over Time

Pathogen spillover is likely substantially more 
common than our current surveillance sys-
tems are able to detect (Sánchez et al. 2022) 
and can increase or decrease if  the presence of 
humans, infectious agents, animal hosts, and 
arthropod vectors changes in response to 
anthropogenic, climatic, or environmental 
drivers (Smolinski et al. 2003). For example, 
spillover may decrease over time if  the animal 
hosts for specific pathogens can no longer sur-
vive in that environment or humans change a 
behavior that was necessary for spillover. For 
example, research on Hendra virus in 
Australia demonstrated pathways to spillover 
risk where specific and actionable risk mitiga-
tion can be undertaken by changing land-use 
patterns (Eby et al. 2022).

On the other hand, spillover may increase 
if  the frequency and duration of contact 
between people and the animal host(s) of a 
pathogen increases because of land-use 
change, climate change or other alterations in 
shared ecologies. These can change animal 
and human habitats by

 5 Forcing the sharing and cross- 
contamination of water due to limited 
supply

 5 Allowing for greater movement and mix-
ing of species through
 – Building new roads and settlements
 – Increasing the number and species 

diversity of livestock and wildlife 
farmed and traded

 5 Displacing wildlife through deforestation 
followed by monoculture, such as palm oil 
plantations (Hassell et  al. 2017; Morand 
and Lajaunie 2021; Plowright et al. 2021)

222 A. Clements et al.



Changing habitats jeopardize wildlife health 
as global forest loss occurs at staggering rates, 
drastically reducing biodiversity (Betts et  al. 
2017). Loss of biodiversity tends to increase 
the transmission risk of zoonoses, such that 
zoonoses are positively correlated with the 
number of threatened bird and mammal spe-
cies (Morand et al. 2019). Climate change can 
also drive the emergence of zoonoses (Betts 
et al. 2017). The expansion of suitable habi-
tats for arthropod vectors can facilitate 
autochthonous (locally acquired) transmis-
sion of pathogens (Caminade et al. 2019), and 
warmer temperatures can also shorten devel-
opmental stages for arthropod vectors and 
decrease the intrinsic incubation period of the 
pathogen (Bartlow et al. 2019). Warmer tem-
peratures can also stress animal hosts, result-
ing in decreasing immune function and 
increasing pathogen shedding that may lead 
to increased zoonotic disease spillover risk 
(Mora et al. 2022).

Within human-disrupted habitats, there 
are specific, synanthropic animals, such as 
some rat (Rattus spp.), mice (Mus spp.), and 
macaque (Macaca spp.) species that are able 
to take advantage of disruptions to the eco-
system, resulting in known wildlife hosts of 
human-shared pathogens and parasites over-
all comprising a greater proportion of local 
species richness (18–72% higher) and total 
abundance (21–144% higher) in sites under 
substantial human use (Mora et  al. 2022). 
These species can also transport pathogens 
between human-modified habitats and natu-
ral habitats (McFarlane et al. 2012). They are 
often introduced and/or invasive, have flexible 
habitat and resource needs, and can rapidly 
adapt to changing environments including 
human domiciles, providing opportunities for 
zoonotic pathogen spillover (Hornok et  al. 
2015; Voigt et al. 2016).

The human population has grown from 
less than two billion to eight billion over the 
past century, with commensurate increases in 
livestock production, travel, trade, and land 
exploitation engendering more frequent con-
tact among humans, animals, and microbes, 
as well as arthropod vectors (Smith et  al. 
2014). For example, the large-scale farming of 

waterfowl (e.g., ducks and geese) in Asia 
under sub-optimal biosecurity conditions 
facilitated the spread of avian influenza 
viruses from wild birds to high-density domes-
tic flocks, where their amplification led to 
occasional spillover causing severe human 
infections and deaths (Liu et al. 2020; Webster 
and Hulse 2004).

3.6  Interventions to Reduce 
Spillover Risk

Even without knowing the exact mechanism 
by which some pathogens spill over from ani-
mals to humans, it is possible in some instances 
to reduce risk. For example, immunizing 
poultry with avian influenza (AI) vaccines 
specific for viral sub-types and variants can 
prevent or reduce infection in flocks and spill-
over to humans (Capua and Alexander 2006). 
A second approach is pathogen agnostic and 
involves employing good farm and market 
biosecurity to limit not only spillover, but also 
amplification and geographical spread of AI 
viruses and other pathogens. Good biosecu-
rity limits pathogen spread from wildlife to 
poultry, from poultry to humans, and from 
poultry back to wild birds (Capua and 
Marangon 2006; Chowdhury et al. 2020; Liu 
et  al. 2020). As mentioned above, excluding 
farm animals such as pigs and horses from 
areas with fruiting trees frequented by flying 
foxes can limit livestock exposure to Nipah 
virus and Hendra virus, respectively (. Fig. 4) 
(Kummer and Kranz 2022).

Developing interventions to reduce spill-
over risk requires enough pre-outbreak infor-
mation to identify the pathogen–host and 
transmission pathway(s). However, this infor-
mation is not always collected or shared, 
which limits the ability of countries to pre-
vent, prepare for, or respond to spillover 
events. In contrast to open-source outbreak 
tracking and reporting structures managed by 
international organizations such as the World 
Health Organization (WHO 2022c), the UN 
Food and Agriculture Organization, the 
World Organization for Animal Health, and 
the Program for Monitoring Emerging 
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       . Fig. 4 Presumptive Henipavirus transmission 
routes: (1) from bats to bats via placental transmission, 
lactation, or mating; (2) fruit consumption; (3) excretion 
and partially eaten fruits; (4) from pig to farmer (Nipah 
virus Malaysia); (5) date palm consumption (Nipah 

Bangladesh); (6) excretion; (7) from horse to owner 
(Henipavirus, Nipah Philippines; Hendra virus, Austra-
lia); (8) bite, scratch, etc.; and (9) from human to human 
(Nipah Philippines, Nipah Bangladesh). (Kummer and 
Kranz 2022)

Diseases (PROMED 2022; WHO 2023a; 
WOAH 2022), findings from pre-outbreak 
research are disseminated more slowly.

4  What We Still Need to Know

While current data on zoonotic pathogen 
emergence have made it possible to better 
focus prevention, detection, and response 
capacities on specific locations and animal–
human–environment interfaces, gaps remain 
in knowledge and in systems for analyzing 
and sharing information. Animal hosts and 
animal–human–environment interfaces where 
spillover occurs are known for some zoonotic 
pathogens, such as the Marburg and Nipah 
viruses, but considerable uncertainty remains 
for others, such as coronaviruses, Ebola, 
Lassa, and mpox viruses. In many cases, the 
primary animal host is uncertain. In others, 
the full range of animals that can serve as 
hosts, the specific behaviors and practices 
associated with spillover of each pathogen, 
and the frequency, duration, and dynamics of 
animal–human contact are unclear (Recht 
et al. 2020). However, research on infections 
in animals faces many challenges, not least the 

cost and scale of the programs required 
(Koopmans 2013).

Prioritizing resources to fill current knowl-
edge gaps and improve data systems for 
reporting both ongoing research and new out-
breaks should be a near-term goal for coun-
tries and the global community to enable 
targeted risk mitigation interventions and 
development of medical countermeasures 
(MCMs). Key gaps are summarized below.

4.1  Characterization of Risk at 
the Animal–Human–
Environment Interface

For some zoonotic pathogens, enough infor-
mation on hosts and interfaces is available to 
begin limiting risk. In the case of Marburg 
virus, demonstrated spillover routes include 
human contact with Egyptian fruit bats in 
caves or mines. Avoiding such locations or 
wearing protective gear may limit the risk 
(Adjemian et al. 2011; Timen et al. 2009). For 
many zoonotic pathogens, basic information 
is urgently needed to update risk maps and 
develop risk-reduction interventions, as well 
as diagnostics, therapeutics, and vaccines. 
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Missing information includes potential host 
species; the extent to which animals have been 
exposed to and carry pathogens of interest; 
specific practices facilitating or preventing 
spillover; seasonal patterns of host infections 
and pathogen shedding; and the capacity of 
specific host taxa to serve as reservoirs of 
additional, as-yet-unknown pathogens 
 (Carlson et  al. 2021; Roberts et  al. 2021). 
Detection of animal host taxa and their range 
is still imperfect. Estimates of abundance, 
presence, and absence, especially for rare host 
taxa, may be highly variable and become more 
difficult as ecosystems change under pressure 
of human usage and climate change (Kellner 
and Swihart 2014). Leveraging large datasets 
facilitates testing of models to understand 
geographical hot spots for emergence, predict-
ing the presence of host animals, the potential 
pathogens they may carry, which newly dis-
covered microbes may be prone to infect 
humans, and how to prioritize viral research 
in zoonotic reservoirs (Allen et  al. 2017; 
Becker et al. 2020; Carlson et al. 2021; Grange 
et  al. 2021). Ideally, datasets would include 
the same metadata to make analyses more 
robust.

For Nipah virus, two spillover mechanisms 
have been described so far (. Fig.  4). In 
Malaysia, the virus moved from Pteropus bat 
species, through partially eaten fruit to farmed 
pigs, and then to people (Chua 2003). In 
Bangladesh, Pteropus bats shed virus into 
date palm sap collected for human consump-
tion (Islam et al. 2013; Rahman et al. 2012). 
No further spillover has been documented in 
Malaysia since 1999, suggesting that the bat–
pig–human interface was successfully dis-
rupted. In Bangladesh, where sporadic human 
infections continue to occur, with short chains 
of human-to-human transmission (Nikolay 
et  al. 2019), additional work is needed to 
determine why uptake of effective interven-
tions to block Nipah virus transmission is low 
(Khan et  al. 2012; Nahar et  al. 2010, 2017). 
Additional knowledge gaps include why the 
Nipah virus can be detected seasonally from 
Pteropus lylei bats in Thailand, yet no human 
or domestic animal cases have been reported 
to date (Wacharapluesadee et al. 2009, 2021a). 
The interface and mechanism for repeated 

Nipah virus spillover to people in Kerala 
State, India, in recent years has not yet been 
identified (Yadav et al. 2022).

While some information is available on 
animal hosts for Lassa and mpox viruses 
(Monath et al. 1974; Parker and Buller 2013; 
Ter Meulen et al. 1996; Wozniak et al. 2021), 
the interface(s) and mechanism(s) for spill-
over in West Africa are unknown, hampering 
efforts to develop interventions. Although the 
first human infection with the H5N1 avian 
influenza was detected more than 25  years 
ago, and it is well known that direct and indi-
rect contact with infected poultry is a major 
risk factor, the specific nature of the contact 
needed for transmission has not been defini-
tively identified (Li et  al. 2019). Possibilities 
include inhalation of air-borne virus or physi-
cal contact with contaminated birds during 
farming, slaughtering, defeathering, or pro-
cessing (Wan et al. 2011), each of which would 
potentially require different types of risk- 
reduction interventions.

Many zoonotic diseases spill over directly 
from wildlife or livestock to people, but 
another key interface involves wildlife contact 
with livestock. This mechanism allows zoo-
notic pathogens to spill over from wildlife to 
livestock and then, following amplification in 
these domesticated species (with or without 
symptoms), into humans. Examples include 
avian influenza viruses moving from wild 
birds to poultry to people (Yoon et al. 2014); 
Nipah virus spilling from bats to pigs and 
then to people, and Hendra virus starting in 
bats and then infecting horses and finally 
humans (Kessler et al. 2018). With the increas-
ing number of livestock produced each year 
to feed the growing human population, the 
wildlife–livestock interface could grow as a 
source of spillover events and should be regu-
larly monitored.

Improving characterization of animal–
human–environment interfaces requires 
improving the sharing of existing pre- 
outbreak information. For existing data, 
country, regional, and global partners rou-
tinely produce data from research studies and 
outbreaks, including information on patho-
gens, animal hosts, and sometimes human 
behavior, but their release is often via publica-
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tion of peer-reviewed scientific papers, which 
may take years. In addition, data may be 
unavailable to many researchers if  they are 
published in a journal with limited access, 
reported in a student thesis or doctoral dis-
sertation, or the researcher does not have the 
ability to conduct specialized analyses. Thus, 
obstacles to researchers collectively sharing, 
analyzing, and using pre-outbreak informa-
tion in near-real time constrains the ability of 
countries to improve prevention, detection, 
and response to emerging zoonotic diseases 
(Kucharski 2022). The urgency of under-
standing SARS-CoV-2 during the COVID-19 
pandemic helped lead to more streamlined 
processes, with increased communications 
between researchers and public health offi-
cials, pre-prints of articles becoming available 
before full peer review, subscription-only 
journals making their COVID-19 articles 
open access, and genetic sequence data quickly 
posted on accessible platforms such as 
GISAID. Such interchanges must be improved 
and accelerated in routine practice for the 
global health ecosystem to prevent more out-
breaks from becoming global emergencies 
and ensure that tools are available for preven-
tion and response.

Another way to improve the characteriza-
tion of animal–human–environment inter-
faces is to add new data streams, especially 
regularly updated data that reflect population- 
level changes. Satellites can now collect near- 
real- time data on habitat changes and forest 
loss or transformation of biodiverse forests 
into monocultures (e.g., oil palm)—phenom-
ena that should be prioritized for spillover 
surveillance (Hansen et al. 2013). Useful data 
streams could also come from monitoring or 
screening:

 5 Human and animal population move-
ments

 5 Wildlife migration
 5 Wildlife and pet trade, legal and illegal
 5 Extractive industry operations which can

 – Destroy habitat
 – Drive consumption of wildlife (“bush 

meat”) by workers
 5 Livestock production near wildlife-rich 

locations

 5 Clean water availability for people and 
animals

 5 Pathogens in wastewater or sewage

Such data can add more detail on temporal 
and spatial variability in host distributions, 
shedding of potential pathogens, and reser-
voir host immunological status (Plowright 
et al. 2017).

The global capacity for genome sequenc-
ing and analysis has advanced at a remarkable 
pace for several decades and has facilitated a 
better understanding of microbial diversity 
and informed epidemiological studies of out-
breaks (DeLong et al. 2022; Pappalardo et al. 
2016). However, gaps remain in being able to 
use a pathogen’s genetic instructions to pre-
dict key phenotypic features such as virulence, 
transmissibility, host range, host-cell binding, 
and host immune escape—analytical tools 
that could revolutionize risk assessments. 
Genome-predictive models of microbial zoo-
notic and epidemic potential remain nascent 
(Nwadiugwu and Monteiro 2022). Better 
understanding of pathogen diversity and use 
of next-generation sequencing to identify and 
then detect markers of virulence and host cell 
receptor binding targets could help prioritize 
surveillance efforts and interventions for those 
microbes with potential pathology in humans.

As the volume of data and the complexity 
of analyses increase, in-country bioinformat-
ics and other analytic capacities must be 
strengthened to expedite the use of biological, 
behavioral, and environmental data for risk 
assessments, forecasting, identifying interven-
tions, and developing risk-reduction measures 
and VTDs. Unhindered, expedited data shar-
ing, including genetic sequences, among sec-
tors and between scientists in different 
countries is essential for successful coordina-
tion and execution of research, surveillance, 
laboratory detection, spillover risk reduction, 
outbreak response, and development of VTDs 
before and during outbreaks. As seen with 
vaccines to counter SARS-CoV-2, global 
capabilities for accelerated vaccine develop-
ment based on genome sequence opened new 
possibilities for rapid deployment of interven-
tions, but emergency development of inter-
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       . Fig. 5 Examples of 
interventions against 
emerging zoonotic 
diseases

ventions VTDs still requires the timely sharing 
of genetic sequences and pathogen samples 
(7 Chap. 7) (Pandemic Preparedness 
Partnership 2021).

4.2  Developing and Assessing 
Safety and Efficacy 
of Interventions to Reduce 
Spillover, Amplification, 
and Geographical Spread

Once sufficient data about a pathogen (e.g., 
hosts, pathogenesis, modes of transmission, 
and other factors) are available, interventions 
to reduce spillover risk can be developed and 
further assessed. Interventions broadly fall 
into the categories of nonpharmaceutical 
(a.k.a. public health) and MCMs, as shown in 
. Fig. 5.

In order to develop broad-acting VTDs 
against families of pathogens that infect 
humans, genetic diversity across the virus 
family will need to be assessed and research 
done on key shared genetic sequences, antigen 
mapping, and pathogenic mechanisms.

As mentioned previously, interventions 
such as farm and market biosecurity along 
with animal vaccines have been shown to lower 
the number of human infections with influ-
enza viruses (Youssef et al. 2021; Zhou et al. 
2018). Emerging pathogens transmitted by 
arthropod vectors can potentially be addressed 

using vector-control measures, but these are 
difficult and expensive to implement at scale. 
At present, few interventions to prevent spill-
over are available for viruses such as Ebola, 
Lassa, mpox, and Nipah that are transmitted 
directly from wildlife to people. For Nipah, 
interventions have been proposed that would 
be expected to be effective, but they have not 
been widely adopted. For example, the boiling 
of date palm sap before consumption kills the 
virus, but also changes the composition of the 
product and its desirability (Khan et al. 2012). 
Bamboo “tree skirts” to block bats from 
accessing collected sap from date palm trees 
have been shown to prevent Nipah contamina-
tion of the sap, but collectors have not adopted 
the practice consistently because they lack the 
time and resources (Nahar et al. 2010).

In conclusion, filling in some of the gaps in 
pre-outbreak information will allow for more 
precise understanding of animal–human–
environment interfaces, provide vital informa-
tion to improve surveillance and early warning, 
and develop risk-reduction interventions to 
minimize the chances of future spillover.

5  Pre-outbreak Information: Best 
Practices and Recommendations

The dynamics between spillover of zoonotic 
pathogens and when an outbreak is detected 
and identified in humans are complex and 
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involve many sectors and disciplines. While 
previous efforts to establish pre-outbreak 
monitoring often have been a “learning-by- 
doing” exercise, there are some best practices 
that have emerged over the past few decades.

5.1  Strengthening Country 
Capacities Improves Detection 
and Response for Zoonotic 
Pathogens

Since spillover of emerging zoonotic patho-
gens can happen in any country, all nations 
should be able to prevent, detect, and respond 
to routine and emerging infectious disease 
threats. Regular surveillance to collect pre- 
outbreak information and detect unusual 
events should be established and linked to risk 
characterization and outbreak investigation 
(Institute of Medicine and National Research 
Council 2009). If  regular surveillance is not in 
place, focused research studies can provide 
valuable insights, as demonstrated by 
community- level monitoring of SARS-CoV-2 
and mpox virus in wastewater and sewage 
(Corpuz et al. 2020; Wolfe et al. 2022).

A strong, agile laboratory system is an 
important component for pre-outbreak moni-
toring (7 Chap. 9). Virus detection, genetic 
sequencing, serology, and phylogenetic analy-
ses provide valuable information on viral prev-
alence, composition, and diversity, helping to 
guide epidemiological investigations, target 
surveillance, and develop interventions. 
Ideally, there should be at least one highly 
capable laboratory facility in every country, 
though there are security concerns that a pro-
liferation of biosafety level 4 facilities could 
present biosafety and biosecurity 
 vulnerabilities. Laboratories must include 
facilities at the appropriate biosafety and secu-
rity level for the work being carried out to 
minimize risks (Eaves 2020). Research data of 
this kind is also useful for generating serologi-
cal tests to determine exposure and understand 
decay rates of antibody titers and immune 
escape (Andreano et al. 2021; Chia et al. 2021; 
Tan et  al. 2020). Sensitive detection assays, 
such as quantitative polymerase chain reaction 

(qPCR), multiplex serological assays, and 
next-generation sequencing, can provide same-
day turnaround for detection and preliminary 
characterization, even for use at the point of 
collection (Laing et al. 2021; Watsa et al. 2020). 
As some emerging microbes may be challeng-
ing to grow in a laboratory, models have been 
developed to predict the capacity for human 
infection (Mollentze et al. 2021). Other tech-
niques include phylogenetic reconstruction of 
ancestral viruses to study adaptations that 
facilitate cross-species transmission, assessing 
immunological responses when exposing cell 
cultures to viral proteins, and understanding 
receptor binding sites to provide insight into 
which viruses are likely capable of infecting 
humans (Damas et  al. 2020; Le Bert et  al. 
2020; Su et al. 2021; Zhao et al. 2005).

Because of the sheer volume and broad 
distribution of spillover interfaces, the limited 
staff  and resources available for collecting 
pre-outbreak information must be deployed 
where spillover risk is greatest. Targeted sur-
veillance can use currently available informa-
tion on the mechanisms and relative risks of 
specific emerging zoonotic threats, based on 
factors like the size, density, and distribution 
of human, animal, and microbial popula-
tions; human behavior; and potentially high- 
risk chains of transmission that could lead to 
outbreaks, sustained human-to-human trans-
mission, and geographical spread of emerging 
zoonotic pathogens (Alexander et  al. 2018; 
Becker et  al. 2019). An important aspect of 
detecting emerging threats early is under-
standing which human populations might be 
infected first and show clinical signs. Like 
SARS-CoV-2, some emerging zoonotic 
threats (e.g., H7N9 avian influenza, MERS- 
CoV) may be asymptomatic or mildly symp-
tomatic in many healthy and younger 
individuals (Badawi and Ryoo 2016; Wang 
et  al. 2017), highlighting the importance of 
monitoring comorbid or immunocompro-
mised people. It is also critical to focus 
research on understanding the mechanisms of 
emergence of zoonotic pathogens in humans 
(including Ebola virus, MERS-CoV, Nipah 
virus, and SARS-CoV-1 and 2).

Better pre-outbreak information collec-
tion is necessary for improving prevention 
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and preparedness for a rapid response when 
needed. Pre-outbreak research programs dur-
ing interpandemic periods can pivot to emer-
gency response when necessary; in the case of 
zoonoses, research can focus on origins and 
spillover mechanisms to prevent recurrence 
and identify similar pathogens of concern. 
Funding and research sparked by the SARS- 
CoV- 1 outbreak in 2002–2003, for example, 
informed surveillance and development of 
MCMs later used to address SARS-CoV-2 
(Padron-Regalado 2020; Wang et  al. 2006). 
After the publication of the SARS-CoV-2 
genetic sequence, many countries quickly 
tested archived or new animal samples to 
learn more about the hosts of SARS-CoV-2- 
like viruses and their geographical distribu-
tion. Related viruses were detected in some 
horseshoe bat species and pangolins in 
Cambodia, Japan, Laos, Thailand, and 
Vietnam (Murakami et  al. 2020; 
Wacharapluesadee et al. 2021b). Research on 
viruses related to SARS-CoV-2 in these coun-
tries improves risk assessment by expanding 
understanding of the host range of coronavi-
ruses that can use human ACE-2 receptors 
(Delaune et al. 2021; Temmam et al. 2022).

The success of early warning surveillance 
systems in guiding effective response efforts 
depends on

 5 Contextual information collected during 
pre-outbreak monitoring and research.

 5 Ability to rapidly detect the first signal of 
an unusual infectious disease event and 
confirm the identity of the pathogen.

 5 Quality and completeness of pre-outbreak 
and post-outbreak data.

 5 Speed with which the information is col-
lected, analyzed, and shared.

The detection of Marburg virus in bats sam-
pled in Sierra Leone in 2017–2018 provided 
notice of the virus’s presence in West Africa 
and allowed countries to prepare for future 
spillover events (Amman et  al. 2020). Both 
Guinea in 2021 and Ghana in 2022 were then 
able to contain Marburg virus outbreaks with 
little or no onward spread in humans (WHO 
2021, 2022d). In Thailand, diagnostic capaci-
ties developed for proactive monitoring of 
wildlife for zoonotic viruses were quickly 

repurposed in January 2020 to detect SARS- 
CoV- 2 in visitors from Wuhan, China, allow-
ing the government to immediately implement 
isolation and social-distancing measures 
before commercial testing kits were available 
(Wacharapluesadee et al. 2020).

Strengthening country capacities for col-
lecting pre-outbreak information involves 
planning, staffing, training, equipment and 
supplies, coordination, communications, and 
funding to support efforts that span multiple 
sectors and levels of government. When 
research is supported by external funds or 
technical support, these partnerships must be 
equitable (7 Chaps. 4 and 30). Numerous 
tools are available for countries to assess 
human and institutional capacities to identify 
gaps in pre-outbreak monitoring and out-
break detection and response. For example, 
the Joint External Evaluation, developed by 
WHO, brings together governments and other 
relevant stakeholders to develop a targeted 
National Action Plan for Health Security. The 
Electronic State Parties Self-Assessment 
Annual Reporting Tool (e-SPAR) provides a 
platform to develop accountability for meet-
ing the requirements of the  (WHO 2016). It 
should be noted that these rating systems for 
country capacity are more predictive of suc-
cess in containing smaller outbreaks than for 
pandemics such as COVID-19 (Jain et  al. 
2022). After-action reviews and international 
negotiations to improve pandemic response 
are ongoing (WHO 2024). Simulation exer-
cises can also be used to evaluate planned 
responses to infectious disease outbreaks in 
order to make program and policy improve-
ments.

5.2  Systematic Collection 
of Pre-outbreak Information

The ability to collect, analyze, share, and use 
pre-outbreak information related to emerging 
zoonotic diseases in a targeted way is vital to 
prevention, preparedness, and response. 
Without such initial data, a vast number of 
samples may have to be collected in the dark, 
as it were, to understand the natural history 
of an emerging virus. For example, a 3-year 
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study in Guinea, Liberia, and Sierra Leone 
needed to test about 45,000 specimens from 
apparently healthy animals in order to detect 
Ebola Zaire in a bat from Liberia, Marburg 
virus in Rousettus bats from Sierra Leone, and 
a new species of Ebola (Bombali ebolavirus) in 
specific bat species in Guinea and Sierra 
Leone (PREDICT Consortium 2021). Along 
with identifying the bat species hosting these 
viruses, this work also indicated potential 
spillover interfaces (e.g., caves, homes).

Greater specificity of serosurveys to assess 
previous population exposure to viruses is 
critical for designing well-focused data collec-
tion tools and strategies (Epstein et al. 2020). 
Broad screening techniques have been valu-
able but are hampered by cross-reactivity 
issues (i.e., inability to distinguish between 
related viruses). Serological assays are becom-
ing more refined, however, and it is now pos-
sible to distinguish exposure to SARS-CoV-2 
from seasonal coronaviruses (Gilbert et  al. 
2013; Laing et  al. 2021). One recent study 
from eastern Democratic Republic of the 
Congo used serology to detect previous expo-
sure to Ebolaviruses (including Bombali 
virus) among people not otherwise known to 
have been infected (Goldstein et  al. 2020). 
Other serological surveys have shown evi-
dence for human exposure to several types of 
emerging zoonotic threats, including HIV, pri-
mate T-lymphotropic viruses, simian foamy 
viruses in primate hunters, and filoviruses in 
bat hunters (Dovih et al. 2019; Kurpiers et al. 
2016; Wolfe et al. 2005).

But additional data on how and where 
pathogens emerge are of limited value if  not 
analyzed, shared, and used to shape action by 
funders, policymakers, and at-risk popula-
tions. There are many obstacles to timely data 
sharing, as noted above, but there have been 
some recent advances in addressing some of 
the bottlenecks. For example, the researchers 
who detected Bombali virus in Sierra Leone 
rapidly presented their findings in ProMED 
(Archive Number: 20190408.6409703) and in 
a brief  journal communication (Goldstein 
et  al. 2018). In addition, the detection of 
Marburg virus in Sierra Leone was reported 
in ProMED and in brief  communications in 
several other electronic venues more than a 

year in advance of peer-reviewed publication 
(Amman et  al. 2020). Since the start of the 
COVID-19 pandemic, the use of data-sharing 
platforms such as GISAID, Our World in 
Data, and others, as well as preprint publica-
tion platforms, has accelerated the circulation 
of outbreak information and research data 
(Fraser et al. 2021; WHO 2022e).

5.3  Surveillance and Research 
Networks Improve Information 
Sharing, Preparedness, 
and Response

Cloud-based storage and sharing platforms 
such as GISAID2 provide secure, rapid access 
for experts to analyze and assess influenza 
virus and SARS-CoV-2 sequence data in 
order to expeditiously identify and track viral 
variants and provide advice to policymakers 
and affected populations. The online avail-
ability of SARS-CoV-2 genetic sequence data 
in January 2020 was one of the factors that 
facilitated the development of diagnostic 
assays and safe, effective COVID-19 vaccines 
less than a year after the first human infec-
tions were noted (7 Chap. 12).

Laboratories are more powerful if  linked 
together to share data and workload. 
Laboratory networks may be based on a spe-
cific type of pathogen (e.g., influenza) (WHO 
2023b); the surveillance data generated from 
both the animal and human health sectors are 
analyzed twice yearly to determine the com-
position of seasonal influenza vaccines for the 
human population (WHO 2023b). Other lab 
networks host data on multiple pathogens and 
may be regional or global, allowing for coor-
dination, communications, standardization, 
and training before outbreaks occur (Africa 
CDC 2023; ECDC 2023; IAEA 2023). There 
have been recent discussions on further 
enhancing global and country surveillance by 
mobilizing a “coordinated network of multi-
sector and multilateral stakeholders to collect 

2 Originally the Global Initiative on Sharing Avian 
Influenza Data, now known simply as GISAID.
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data, share insights, and respond to signals of 
early disease outbreaks” (Krofah et al. 2021). 
Though data provenance is a critical aspect of 
data collection, it is also critical that protocols 
are established and implemented that ensure 
data storage and sharing are safe and secure. 
This will minimize opportunities for the unin-
tentional release or theft of such assets or the 
use of the data for harmful purposes. Safe 
data-sharing protocols should be developed, 
as they do not exist currently, so that both in- 
country and international partners are follow-
ing similar standards.

Focused research projects such as the Centers 
for Research in Emerging Infectious Diseases 
(CREID) and the PREDICT emerging infec-
tion disease project have used a standardized 
surveillance and detection approach across 
many countries and regions to link scientists 
and laboratories together to generate pre-out-
break information on emerging pathogens 
(CREID 2022; PREDICT Consortium 2021).

5.4  Targeted Risk Reduction 
Interventions Work

There is evidence that when enough informa-
tion on spillover dynamics is available for spe-
cific zoonotic pathogens (e.g., avian influenza 
viruses in Hong Kong live bird markets, 
Nipah virus in Malaysia), their spillover to 
people can be reduced (Leung et  al. 2012; 
Nahar et  al. 2017). Larger scale changes in 
policy (e.g., conditions on pig farms or live 
animal markets, vaccination of poultry) 
potentially yield much broader impact than 
efforts to change individual behaviors. 
Interventions to reduce spillover are generally 
not available for zoonotic diseases such as 
Ebola, Lassa fever, and mpox because infor-
mation on the mechanisms of spillover is 
lacking. As a result, spillover events continue 
irregularly with the potential for any one of 
them escalating to a sustained outbreak, epi-
demic, or pandemic.

In order to support the application of 
spillover risk-reduction interventions, all 
countries should have the capacity to conduct 
pre-outbreak research and risk assessments 

across sectors to include cost–benefit analyses 
to aid decision-makers regarding policies and 
allocation of funds. Both the financial burden 
of inaction and the magnitude of previously 
hidden losses driven by “business-as-usual” 
must be captured and quantified to assess pol-
icy options (Schar et al. 2018). Disease emer-
gence risks may be driven by practices that 
redound to the benefit of some and the detri-
ment of others, and such economic factors 
must be considered in the planning and pro-
motion of risk mitigation. Extractive indus-
tries, for example, may bring humans into new 
areas, destroy habitat, and pollute water-
courses, all of which can drive disease emer-
gence. The financial and quality of life 
burdens are distributed broadly across com-
munities, livelihoods, and health systems, 
while the financial benefits may accrue to a 
handful of investors. Taking a whole-of- 
society approach to the analysis of costs and 
benefits helps identify equitable measures to 
minimize risks and promote sustainable inter-
ventions. Establishing benchmarks for low- 
risk industry practices paired with certification 
could (1) generate market-based pull incen-
tives (e.g., premium pricing for quality- 
assured food products produced with minimal 
ecological disruption), and (2) establish a 
framework for corporate tax incentives (to the 
extent that the activities driving zoonotic risk 
are in the formal sector of the economy).

Given the substantial benefits to society of 
preventing disease outbreaks, this work should 
be supported financially by national and inter-
national stakeholders in both the public and 
private sectors. Illustrating the value of emerg-
ing disease prevention as a global public good, 
the promotion of avian influenza vaccination 
of commercial poultry through subsidized 
vaccines matched to currently circulating 
strains could be an important tool in reducing 
pandemic influenza risk (Wu et  al. 2019). 
Finally, support should also go to longitudi-
nal work to understand the dynamics of zoo-
noses in natural reservoirs subject to new 
pressures from climate and land-use change, 
as well as how interventions can influence cur-
rent policies, business practices, and behaviors 
in order to reduce spillover risk.
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5.5  Coordination with Other 
Infectious Disease Programs 
and Across Sectors to Improve 
Prevention, Detection, 
and Response

While infectious disease control programs and 
networks are often pathogen specific, it is 
important for existing programs to have some 
flexibility to adapt to a new pathogen. Every 
infectious disease program has experts with 
skills in surveillance, detection, prevention, 
risk communication, epidemiology, and 
research, among other areas. As occurred dur-
ing the COVID-19 pandemic, such existing 
capacity can pivot to understanding and con-
taining new threats in an emergency. For exam-
ple, surveillance and laboratory systems for 
respiratory symptoms were able to test for 
SARS-CoV-2. In addition, many countries 
used their animal health labs to provide surge 
support for SARS-CoV-2 detection in human 
samples at the beginning of the COVID-19 
pandemic or repurposed other surveillance 
and outbreak response structures (Drew et al. 
2020; Wacharapluesadee et  al. 2020). Risk 
communications and outreach expertise from 
HIV/AIDS programs were able to support 
interrupting person-to-person transmission of 
mpox virus, and, along with vaccination, 
appears to have helped bring the 2022 out-
break under control in Europe and North 
America (Kirby 2022). Successful redirection 
of resources to contain an outbreak of an 
emerging pathogen depends on the speed with 
which it can be accomplished as well as appro-
priate use of capabilities. This requires devel-
opment (between outbreaks) of well-planned 
yet flexible preparedness and response strate-
gies and standard operating procedures for 
how and when to launch an emergency research 
response, along with clear channels for emer-
gency financing when necessary (7 Chap. 28).

Given the complex interactions between 
emerging zoonotic pathogens, animal hosts, 
susceptible humans, vectors, and the environ-
ment, a multidisciplinary, collaborative, and 
coordinated research and response approach 
is required. Identifying and assessing poten-
tial hazards and having systems and proce-

dures in place to detect, respond, and share 
information will prepare governments, busi-
nesses, communities, and others for future 
outbreaks. Some of the tools now available to 
facilitate multisectoral preparedness planning 
and response include.

 5 Table-top simulation exercises
 5 The Tripartite Zoonoses Guide compiled 

by the Food and Agriculture Organization 
of the United Nations (FAO), WHO, and 
the World Organization for Animal Health 
(WOAH) (WHO et al. 2019)

 5 One Health zoonotic disease prioritization 
workshops (CDC 2018b)

 5 Systematic incorporation of One Health 
perspectives, methodologies, and coordi-
nation into pandemic preparedness 
(NASEM 2022)

 5 Case studies from around the world con-
veying lessons from One Health program-
ming (PREDICT Consortium 2021)

Together, these strategies, with support from 
global and regional partners, can assist coun-
tries in strengthening their capacities to pro-
mote preparedness and societal resilience. 
Preparedness planning must also try to avoid 
the common human error of applying the les-
sons of a past crisis without careful consider-
ation of present needs.

5.6  Linking Action Plans 
to Resource Mapping

In most countries, strengthening surveillance, 
research capacity, and collection and dissemi-
nation of pre-outbreak data requires addi-
tional funding. Sustainable and innovative 
funding mechanisms are necessary to incen-
tivize prevention, detection, and response. 
This includes access to grants or low-interest 
loans, especially to communities with lower 
resource bases and the highest spillover risk. 
WHO and other partners currently support 
countries in mapping internal and external 
funding sources available to support global 
health security National Action Plans (NAPs). 
These plans not only identify funding and 
capacity gaps but also allow prospective 
donors to see what their funds would support. 
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The World Bank has established a Pandemic 
Fund to finance pandemic prevention, pre-
paredness, and response capabilities and 
address critical gaps in low- and middle- 
income countries (7 Chap. 28) (WBG 2022b).

Several funding mechanisms have been 
created to improve early warning detection 
systems or research. The U.S. National 
Institutes of Health (NIH) established the 
Centers for Research in Emerging Infectious 
Diseases in 2020 to develop multidisciplinary 
studies into where and how zoonotic agents 
“emerge from wildlife and spillover to cause 
disease in people” (NIH 2021). These centers 
focus on natural reservoirs, high-risk inter-
faces, and urban areas, while developing diag-
nostics to improve detection and facilitate 
study of human immune responses to zoo-
notic pathogens. The U.S.  National Science 
Foundation has created the Predictive 
Intelligence for Pandemic Prevention 
Development grant program to support 
research on infectious disease emergence 
through “state-of-the art forecasting, real-
time monitoring, mitigation and prevention 
of the spread of pathogens” (NSF 2022). 
Other efforts include a French/European 
Commission program called PREZODE: 
PREventing ZOonotic Disease Emergence 
(Peyre et al. 2021) and current efforts by the 
U.S.  Agency for International Development 
building upon more than a decade of support 
to advance viral zoonosis detection.

In the long term, all countries need sus-
tainable funding mechanisms to maintain 
capacities to prevent, detect, and respond to 
infectious disease threats, including collection 
of pre-outbreak information. Given that the 
private sector has an interest in preventing the 
staffing, supply, and sales disruptions caused 
by epidemics and pandemics, companies 
should be included in discussions about 
financing pandemic prevention, preparedness, 
and response. Leveraging the resources of 
capital markets and environmental, social, 
and governance investing has facilitated the 
adoption of lower-risk food animal produc-
tion practices (FAIRR 2022) and may have 
some potential to incentivize private sector- 
led innovation in shifting both endemic and 
emerging disease risk landscapes. Examples 

of private sector investments include the anal-
ysis of Google searches for influenza symp-
toms to help prioritize regional distribution 
of seasonal influenza vaccine in the United 
States (Ginsberg et al. 2009).

6  Recommendations

Despite the availability of the best practices 
discussed above, it is still not customary in 
many countries to collect and use pre- outbreak 
information to reduce the risk of zoonotic dis-
ease spillover and spread. To address this chal-
lenge, we recommend three broad mechanisms, 
each of them with suggested supporting activ-
ities. The overarching theme of these recom-
mendations is to strengthen country’s 
capacities to collect, analyze, and share pre-
outbreak information while avoiding replac-
ing existing capacity or building parallel 
systems. Equitable partnership with local and 
regional stakeholders from concept through 
design and implementation is critical. So is a 
risk-based approach that informs where 
resources and effort should be applied to pro-
vide the greatest impact. All of the sugges-
tions below can and should be built on top of 
existing investments in global health security 
and the response to the COVID-19 pandemic.

6.1  Strengthen and Prioritize 
Collection of Pre-outbreak 
Information

Without the pre-outbreak information pro-
viding a sense of relative zoonotic disease 
risks, countries will be limited in their ability 
allocate their resources to prevent, detect, and 
respond to outbreaks.

6.1.1  Country Activities, Taking 
into Consideration the Best 
Practices and Gaps Previously 
Mentioned

 5 Identify and map stakeholders and poten-
tial partners, including sources of funding.

 5 Endorse and facilitate routine coordina-
tion and collaboration across infectious 
disease programs and across sectors.
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 5 Conduct cross-sectoral risk assessments 
for priority zoonotic pathogens (and 
unknown pathogens) and identify what is 
needed to support risk reduction and data 
collection.

 5 Prioritize populations and animal-human- 
environment interfaces for routine moni-
toring based on cross-sectoral risk 
assessments.

 5 Strengthen surveillance and monitoring 
mechanisms to include routine collection 
of pre- outbreak information where it is 
most needed.

 5 Strengthen laboratory capacity for patho-
gen identification, sequencing, and further 
research, including emerging zoonotic dis-
eases. Methods needed include serological 
studies, genetic sequencing, and rapid mul-
tiplexed assays.

 5 Introduce appropriate technological inno-
vations to generate and utilize new data 
streams, especially genome sequencing 
and analysis methodologies, for example, 
wastewater monitoring.

 5 Ensure long-term funding and training for 
key technical support staff.

6.1.2  Regional and Global 
Activities, Taking into 
Consideration the Best 
Practices and Gaps Previously 
Mentioned

 5 Support regional reference lab structures 
that serve as common specialized resources 
where individual countries may not be able 
to support cutting-edge, expensive 
 capacities.

 5 Provide technical guidance, strategies and 
tools, training, and financial support to 
improve the capacity for collection of pre- 
outbreak information.

 5 Provide back-up surge support for patho-
gen identification in case countries need 
assistance with preparedness, prevention, 
detection, and response.

 5 Provide financial support.

6.2  Strengthen In-County Data 
Systems and Their Linkages 
with International Databases

Given the wealth of  data that can be gener-
ated by pre-outbreak monitoring and other 
biosurveillance, it is imperative that systems 
be in place for data collection, storage, and 
sharing with adequate controls to protect 
the rights of  the data owners, including 
intellectual property, privacy, security, and 
sovereignty (7 Chap. 7). Pre-outbreak infor-
mation must be analyzed and shared expedi-
tiously. Many countries have existing data 
systems that coordinate across different dis-
eases and sectors, especially as a function of 
integrated national health systems, but they 
may not be optimally linked either domesti-
cally or internationally, may be slow in pro-
cessing data, may not collect all information 
needed, and may not have adequate funding.

6.2.1  Country Activities, Taking 
into Consideration the Best 
Practices and Gaps Previously 
Mentioned

 5 Identify and map stakeholders and poten-
tial partners, including sources of funding 
and owners and end-users of pre-outbreak 
information.

 5 Identify and assess existing data systems 
that can compile and provide access to 
pre-outbreak information, including iden-
tifying gaps and bottlenecks.

 5 Update policies and regulations to facili-
tate linkages among existing data systems 
so they can routinely share essential pre- 
outbreak information across sectors and 
across borders.

 5 Prioritize and strengthen the capacities of 
existing data systems and staff to improve 
routine collection, analysis, and sharing of 
pre-outbreak information. Incorporate tech-
nological developments such as wastewater 
testing and more capable point-of- care diag-
nostics (veterinary as well as human) to 
increase the coverage and speed of detection.
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6.2.2  Regional and Global 
Activities, Taking into 
Consideration the Best 
Practices and Gaps Previously 
Mentioned

 5 Develop or strengthen international stan-
dards, agreements, databases, and systems 
for sharing pre-outbreak information.

 5 Provide technical guidance, strategies and 
tools, training, and financial support to 
improve the equitable sharing of pre- 
outbreak information among sectors, 
countries, and international databases.

6.3  Distill Pre-outbreak 
Information into Actionable 
Disease Intelligence for Risk 
Mitigation

6.3.1  Country Activities, Taking into 
Consideration the Best 
Practices and Gaps Previously 
Mentioned

 5 Operationalize pre-outbreak information 
data systems to gather and synthesize 
diverse data across sectors for actionable 
disease intelligence.

 5 Identify and map stakeholders who can 
use pre-outbreak information to take 
action.

 5 Generate evidence-based risk profiles and 
policy recommendations tailored to local 
and national disease emergence risk 
dynamics.

 5 Leverage data availability and foresight 
analysis to identify trends informing dis-
ease early warning, pre-outbreak deploy-
ment of surveillance and response 
capacities, and targeted risk mitigation.

 5 Utilize advances in pathogen assessment 
and the prototype pathogen approach 
(Cassetti et  al. 2022) to prepare for and 
rapidly implement MCM development, 
including prioritized VTDs.

 5 Apply findings from pre- outbreak infor-
mation systems in the iterative refinement 
of priority surveillance targets and risk 
mitigation strategies.

 5 Use a shared lexicon to expedite scientific 
understanding and proactively avoid stig-
matizing animals.

6.3.2  Regional and Global 
Activities, Taking into 
Consideration the Best 
Practices and Gaps Previously 
Mentioned

 5 Provide guidance, technical support, and 
funding for developing and validating risk 
mitigation measures.

 5 Assist with sharing and adapting validated 
risk-mitigation measures among countries.

7  Conclusion

Collection and use of pre-outbreak informa-
tion is critical for much-needed improvements 
in country and global preparedness and 
response to emerging zoonotic diseases. 
Substantial progress has been made in collect-
ing valuable information in advance of 
human- to- human transmission of zoonotic 
pathogens. However, there continue to be out-
breaks caused by zoonotic pathogens such as 
Ebola virus, mpox virus, and SARS-CoV-2 
that are not detected until there is sustained 
human- to- human transmission. These events 
highlight the significant risks involved in wait-
ing for pathogens to emerge in the human 
population before developing and applying 
containment and mitigation measures. 
Strengthening capacity for collecting pre- 
outbreak information is crucial to the early 
warning that could be provided by effective 
surveillance. Investments to strengthen pre-
outbreak information systems would also 
contribute to an interlinked global early warn-
ing system for emerging infectious disease 
threats.

Securing resources for in-country capacity 
improvements for global health security is fre-
quently a major obstacle to pandemic preven-
tion, preparedness, and response. Several 
internal and external options are potentially 
available for countries to support immediate 
needs. In the longer term, financing global 
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health security investments must transition to 
normal budgetary channels in both the public 
and private sectors. When viewed through an 
economic lens, expanding surveillance and 
prevention capacities have produced strong 
returns on investment by reducing the fre-
quency, size, and impact of infectious disease 
outbreaks. It is vital that financial resources 
available to cover global health security 
include the collection, analysis, sharing, and 
use of pre-outbreak information.

? Discussion Questions
 1. What zoonotic diseases have emerged 

or reemerged recently? Discuss the 
potential for future zoonotic spillover 
and some targeted preventive measures 
against pathogen flow between wildlife 
or livestock and humans.

 2. Investments in collecting pre-outbreak 
information on emerging zoonoses to 
prevent spillover, amplification, and 
geographical spread can yield a high 
return on investment and contribute sig-
nificantly to strengthening global health 
security.
 (a) Why are pathogen spillovers fre-

quently undetected, or detected 
only after harmful delays? 
Consider anthropogenic, climatic, 
and environmental factors when 
answering this question.

 (b) Why are certain vertebrate species 
(e.g., bats, rodents, nonhuman pri-
mates, and birds) more likely to be 
associated with zoonotic spillover 
and crossing into humans than 
other animals?

 (c) Discuss how to map potential spill-
over hot spots using information on 
where human, pathogen, animal 
host, vector populations, and other 
key factors converge.

 (d) Describe human behavioral inter-
ventions that can prevent or 
reduce  spillover during an early 
public health response to infec-
tious disease emergencies.

 3. What is needed to improve the charac-
terization of  animal–human–environ-
ment interfaces by collecting new data 

streams reflecting population-level 
changes on a regular basis?

 4. What are some measures that could 
enhance pre-outbreak monitoring of 
zoonotic spillovers of  pathogens and 
detect outbreaks in humans more 
promptly?

 5. Name some typical interventions against 
emerging infectious diseases that must 
be available to policymakers, scientists, 
health systems, businesses, and commu-
nities to reduce the frequency and 
impact of  zoonotic disease spillover.

 6. Provide several broad recommenda-
tions on how countries and the inter-
national community can improve 
detection, prevention, and response to 
future epidemic and pandemic threats.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 How government research and develop-
ment institutes can catalyze diagnostic 
innovation to meet the needs of an infec-
tious disease emergency caused by a novel 
pathogen

 5 Elements of the RADx Tech program that 
could serve as examples in future response 
to EID outbreaks

 5 Barriers to the development and deploy-
ment of point-of-care testing (POC) and 
over-the- counter (OTC) tests during the 
COVID-19 pandemic

 5 Steps to take now to improve diagnostic 
readiness for the next pandemic

1  Introduction

1.1  Background on Testing 
Technologies for Diagnosing 
Acute SARS-CoV-2 Infection

Testing is an essential component of the pub-
lic health response to an emerging infectious 
disease for

 5 Mitigating pathogen transmission
 5 Characterizing the pathogen and patho-

genesis
 5 Enabling contact tracing and quarantine 

of infected persons
 5 Informing clinical and public health deci-

sion making
 5 Enabling identification of infection for 

enrollment in clinical trials
 5 Ascertaining endpoints in vaccine and/or 

therapeutic clinical trials
 5 Providing a pathway to safe return to 

work, school, and leisure

The COVID-19 pandemic provided a stark 
illustration of challenges to the development 
and distribution of tests to detect the novel 
SARS-CoV-2 virus. In the beginning, viral 
testing was conducted exclusively in central-
ized, high-complexity clinical laboratories by 

order of a healthcare provider, leading to 
massive shortages of tests and slow return of 
results. This, coupled with early missteps in 
expanding capacity and approving new tests, 
hindered the ability of public health systems 
to control viral spread. However, the pan-
demic also generated an unprecedented R&D 
investment in diagnostic innovation that will 
likely have lasting benefits for how existing 
and emerging diseases are detected, treated, 
and controlled. This chapter will provide an 
overview of how the U.S. National Institutes 
of Health (NIH) built a national program to 
accelerate innovation in COVID-19 diagnos-
tic testing and convey some lessons learned 
from the experience that may be applicable to 
future efforts in pandemic control.

This chapter will focus exclusively on test-
ing for acute or active viral infection (viral 
tests), rather than tests to measure prior infec-
tion (antibody or serology tests). While anti-
body tests are critical for understanding the 
epidemiology of SARS-CoV-2 and monitor-
ing levels of acquired or vaccine-induced 
immunity in individuals or populations, they 
are not suitable for the diagnosis of acute viral 
infection or for tracking community transmis-
sion since human antibodies to the virus may 
not be detectable for weeks after initial expo-
sure. Among viral tests, there are generally 
three primary purposes (HHS 2020); a fourth 
use for testing arose as tests became increas-
ingly available.
 1. Diagnostic testing to confirm or support a 

clinical diagnosis of viral infection in 
symptomatic individuals and inform treat-
ment, enrollment in or endpoint for clinical 
trials, and implement preventive measures 
to contain further spread.

 2. Contact tracing testing to trace, test, and 
monitor persons who may have been in 
contact with infected individuals.

 3. Surveillance testing to enable public health 
authorities to assess and manage risks 
associated with the infectious disease, 
guide implementation of control measures, 
detect and control outbreaks, and monitor 
epidemiological trends.
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       . Fig. 1 Examples of  SARS-CoV-2 molecular and antigen testing technologies developed with NIH support via 
the Rapid Acceleration of  Diagnostics Technology initiative. (Courtesy ThermoFisher, Quidel, Detect, Acula)

 4. Managing exposure risk. As diagnostic 
innovation continued through the pan-
demic and tests for home use became 
increasingly available, a fourth primary 
purpose arose: enabling individuals and 
families to test for potential infection and 
reduce the risk they could expose and 
infect others.

There are three primary environments (dis-
cussed further in 7 Sect. 1.2) in which each of 
these viral testing strategies can be imple-
mented:
 1. In central reference laboratories in the 

commercial diagnostic, hospital, academic, 
or public health sectors

 2. At the point of care (POC), such as in a 
physician’s office, urgent care facility, or 
worksite clinic

 3. At one’s home, workplace, or other non-
medical location

The primary purpose of the test as well as its 
intended use environment will help determine 
the choice of underlying detection technol-
ogy, as well as the requirements for test usabil-
ity, performance (sensitivity, specificity, time 
to result), cost, and accessibility. Viral tests 
typically involve the collection of a sample 
from the nose, nasopharynx, or mouth and 
can largely be grouped into two categories 
based on whether they assess for the presence 
of viral genetic material or antigens. Nucleic 

acid amplification tests (NAATs), also referred 
to as molecular tests, specifically amplify and 
detect viral ribonucleic acid sequences from 
the SARS-CoV-2 genome, with amplification 
driven by either the reverse transcription poly-
merase chain reaction (RT- PCR) or a variety 
of isothermal amplification methods. Antigen 
tests, on the other hand, typically detect the 
presence of a specific viral protein through 
antibody–antigen interactions that are cou-
pled to some type of measurable signal, often 
in the form of visible light or fluorescence. 
. Figure  1 provides examples of SARS-
CoV-2 diagnostic technologies for molecular 
and antigen tests that can be used either at 
POC or at home and that were developed with 
NIH support.

1.2  Implementation of Testing 
Technologies

Research and development of new diagnostic 
technologies require appropriate implementa-
tion and rigorous commercialization plans. To 
facilitate implementation, diagnostic testing 
tools and playbooks can guide health officials, 
employers, community organizations, and the 
public on testing modalities for specific use 
cases and/or settings. This section describes 
the implementation of diagnostics in the three 
primary environments: labs, at the point of 
care, and at home for self-testing (see 
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. Fig.  3), as well as considerations distin-
guishing disease diagnosis from screening.

1.2.1  Lab-Based Testing
Lab-based diagnostics can be performed by 
clinical, hospital, or research laboratories that 
are certified and accredited to perform moder-
ate to highly complex tests and report indi-
vidual results (FDA 2021a). These labs can 
offer testing of individual or pooled samples 
to detect targeted antigens or nucleic acid 
sequences with high sensitivity (>95% for 
molecular assays that involve RT-PCR or 
next- generation sequencing). Lab-based test-
ing can scale to thousands or hundreds of 
thousands of tests per day with innovations in 
the pre-analytical and analytical processes, 
such as bar coding of samples for quick acces-
sioning and automated equipment interoper-
ating with laboratory information 
management systems.

While labs can process diagnostic assays 
relatively quickly (e.g., less than an hour for 
viral antigen tests, 4–6 h for molecular tests/
NAATs), sample shipment and accessioning 

for offsite laboratories can increase the turn-
around time for lab-based tests to 12–24 h or 
more. A hub and spoke model, with multiple 
sample collection sites feeding into one or 
more testing hubs, can minimize turnaround 
times. The hub and spoke model can also pro-
vide testing support over a larger area and can 
be used to mitigate issues with supplies or 
capacity at a single lab by sending samples to 
another hub.

Various approaches to sample collection 
can be used to support lab-based testing, 
depending on the requirements for sample sta-
bility over time and transport options. 
Samples can be collected by health providers 
and then sent to the lab for processing through 
partnerships between labs and patient care 
facilities or local health departments. Lab- 
based assays can also be validated for use with 
samples collected by the patients themselves 
using a home collection kit. Assays may 
require biospecimens to be stored in saline, 
buffer solutions, or viral transport media, but 
maintaining biospecimens on dry swabs may 

Box 1: Clinical Laboratory Improvement Amendments (CLIA)
The U.S. Food and Drug Administration 
(FDA) , as authorized by CLIA, categorizes 
diagnostic tests by the complexity of  their 
testing methodology—from the least to the 
most complex: waived tests, moderate com-
plexity tests, and high complexity tests. CLIA 
categorization is determined after the FDA 
has cleared or approved a marketing submis-
sion or upon request for legally marketed 
devices. Under CLIA, laboratories perform-

ing only waived tests are subject to minimal 
regulation. Waived tests may also include any 
tests approved or cleared for home use by 
untrained individuals. Laboratories perform-
ing moderate- or high-complexity tests are 
subject to specific laboratory standards gov-
erning certification, personnel, proficiency 
testing, patient test management, quality 
assurance, quality control, and inspections 
(FDA 2021a).

also be an option, if  validated with the lab- 
based assay.

1.2.2  Point-of-Care (POC) Testing
Diagnostics implemented in the POC 
 setting include tests performed on-site under 
a  Clinical Laboratory Improvement 
Amendments (CLIA) (7 Box 1) certificate of 

waiver at public health clinics, urgent care 
centers, physicians’ offices, pharmacies, retail 
clinics, emergency departments, and hospital 
labs. POC tests, often based on qualitative 
detection of an antigen or nucleic acid 
sequence, generally require less expensive, less 
complex equipment or instrumentation, and 
may have similar or somewhat limited detec-
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Lateral Flow Assay Architecture

Analyte Antibodies conjugated Tag
(Gold, Latex, Fluorophore, etc.)
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Pad
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Wicking
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Backing
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(Valid Test)
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(Antibodies)

Control Line
(�lgG Antibodies)

       . Fig. 2 Diagram 
describing the architecture 
of  a generic lateral flow 
immunochromatographic 
assay. (NASA, public 
domain [7 https://
commons. wikimedia. org/
wiki/File:Lateral_Flow_
Assay. jpg])

tion thresholds compared to lab-based assays. 
Examples include lateral flow assays 
(. Fig. 2) with a visual or instrument reader, 
loop-mediated isothermal amplification 
instruments, and sample in, result out 
RT-PCR platforms. With results typically 
available within 30  min, POC tests facilitate 
timely clinical decision-making for infected 
patients.

1.2.3  Self-Testing
Self-tests are diagnostic tests that can be used 
at home and other nonlaboratory settings—
offices, schools, sporting events, airports, 
etc.—where individuals perform the test 
themselves. Self-tests may detect antigens or 
nucleic acid sequences but are most com-
monly noninstrumented, antigen-based rapid 
lateral flow assays, similar to home pregnancy 
tests.

Over-the-counter (OTC) tests require end- 
users to use and interpret the results them-
selves, thus requiring usability data to support 
their reliability. Home use tests requiring a 
prescription may be supervised or verified by 
a healthcare provider (e.g., through telehealth 
services). OTC tests can increase testing acces-
sibility since they are available online, at retail 
stores, or via government distribution, poten-
tially at no cost to the individual.

Packaged with quick-read instructions, 
self-tests may also have an associated digital 
app, which can reduce the incidence of errors 
or invalid results. A digital app can also enable 
reporting of an OTC result to public health 
departments. Individuals testing positive with 
OTC tests are advised to follow up with a clin-
ical provider, to confirm a diagnosis, inform 
clinical care, and for public health reporting.

1.2.4  Asymptomatic Screening
Diagnostic tests may also be used for asymp-
tomatic screening. When asymptomatic trans-
mission is common for a given pathogen, as it 
is for SARS-CoV-2, community screening 
may be an important tool to identify infec-
tions and prevent further transmission. 
Screening programs may also be implemented 
by businesses, communities, and schools to 
reduce asymptomatic spread within a sub- 
population, or to control access to sports, 
social, or entertainment venues.

Repeated or serial testing (e.g., 2–3 times 
per week) with rapid self  or POC tests can 
increase the likelihood of identifying an 
asymptomatic positive case during an early 
stage of infection and enabling safety mea-
sures such as quarantine to protect others 
from being infected. Serial testing by schools 
of those who have been in close contact with a 
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positive case can avert the need for precau-
tionary quarantine of everyone exposed, 
reducing the burden of remote learning for 
quarantined students.

1.3  Overview of the NIH Rapid 
Acceleration of Diagnostics 
(RADx) Initiative

Early in the COVID-19 pandemic, only 
nucleic acid amplification tests (NAATs) were 
available to diagnose acute infection with 
SARS-CoV-2. While highly sensitive and 
accurate, NAATs are generally conducted in 
centralized, high-complexity laboratories with 
strict regulatory requirements and skilled 
technicians. Given the time required for both 
transport and testing, test results generally 
were not available until days or even weeks 
after sample collection, greatly limiting their 
utility in preventing transmission. Supply 
chain limitations for common consumables 
such as pipette tips and nucleic acid extraction 
reagents led to additional delays. The need for 
alternative tests that could be used more 
widely and return results much faster was evi-
dent. A coordinated testing strategy had to 
have the following components:

 5 Public–private partnerships to accelerate 
innovation in diagnostic technology

 5 Increased manufacturing capacity and 
better supply chain management to enable 
sustainable domestic production

 5 Robust, secure data collection and utiliza-
tion systems

 5 Methods for ensuring testing access for 
underserved populations to address health 
disparities

In response to the demand for greatly 
increased testing, NIH launched the Rapid 
Acceleration of Diagnostics (RADx) initia-
tive in April 2020 to support the development, 
production scale-up, and deployment of accu-
rate, rapid tests across the country (NIH 
2022c) (. Fig. 3).

The emergence of  COVID-19 illumi-
nated some of  the challenges a society faces 
when it relies on a hospital- and office-based 
healthcare model to address a rapidly 
spreading infectious disease. In particular, it 
highlighted the immediate need for a 
dynamic, distributed, and accessible diag-
nostic testing ecosystem. NIH’s RADx 
Initiative was established as an integrated, 
holistic approach to these challenges 
through four initial programs to speed inno-

Lab-based Self / At-home

Test Type Molecular 

(primarily)

Molecular, Antigen Antigen 

(primarily)

Sensitivity > 95% > 90% > 80%

Specificity > 95% > 90% > 90%
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> 102 > 102 (molecular);

> 103
 (antigen)

> 103
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~ 30 – 60 min ~ 15 – 30 min

Cost per Result $$$ $$ $

Integrated with 

public health 

reporting 

infrastructure to 

automatically 

provide test result 

May be integrated 

with public health 
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require healthcare 

provider to 

manually report 

test result

Typically requires 

user to voluntarily 

report test result 

to a public health 
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Results 
Reporting

Point of Care
(POC)

       . Fig. 3 Comparison of  lab-
based POC and self/at- home 
tests across multiple 
parameters. (Authors)
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vation in technologies for COVID- 19 testing 
and build an equitable national testing infra-
structure (NIH 2022c) and others that fol-
lowed.

 5 RADx Tech aims to identify and acceler-
ate the development, scale-up, and deploy-
ment of innovative POC and at-home 
testing technologies.

 5 RADx Advanced Technology Platforms 
(RADx ATP) supports the scale-up of 
more advanced technologies that can 
achieve immediate, substantial increases in 
testing capacity.

 5 RADx Underserved Populations (RADx 
UP) establishes community-engaged 
implementation projects to improve access 
to testing in underserved and vulnerable 
populations.

 5 RADx rad (shorthand for radical) focuses 
on innovative testing methods that have a 
slightly longer horizon to technology mat-
uration.

 5 Two additional RADx programs were 
established later on:
 – The RADx Independent Test Assess-

ment Program (RADx ITAP) provides 

federal resources for test validation and 
regulatory prioritization to qualifying 
manufacturers in order to increase the 
availability of high-quality OTC 
COVID-19 tests to the public.

 – The RADx Mobile Application Report-
ing through Standards (RADx MARS) 
program promotes a standards-based 
approach to reporting COVID-19 self- 
test results with application to future 
reporting of remote diagnostics.

1.3.1  RADx Tech
RADx Tech is a fast-track technology devel-
opment program led by the National Institute 
of Biomedical Imaging and Bioengineering 
(NIBIB) that leverages the NIH Point of Care 
Technology Research Network (POCTRN) 
and partnerships across relevant federal agen-
cies to speed innovation in the development, 
commercialization, and implementation of 
technologies for COVID-19 testing. The pro-
gram’s innovation funnel approach (. Fig. 4) 
was designed to compress the customary diag-
nostic technology development timeline from 
years to months. As with many other aspects 

       . Fig. 4 NIH Rapid Acceleration of  Diagnostics (RADx) Initiative for COVID-19 Technology Development Fun-
nel. (@NIHDirector 2020; NIH, public domain)
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of expedited research response to public 
health emergencies, the approach has been 
employing expert teams in parallel rather than 
in sequence to address technical, regulatory, 
clinical, and commercialization requirements 
and to support the validation, de-risking, 
scale-up, manufacturing, and deployment of 
novel tests. The RADx Tech program (along 
with RADx ATP) represents a new paradigm 
by which the NIH, and the federal govern-
ment writ large, can catalyze medical technol-
ogy development during a public health 
emergency. A more detailed description of the 
components and operation of the RADx Tech 
program is provided in 7 Sect. 2.

1.3.2  The RADx Advanced 
Technology Platforms (RADx 
ATP)

The RADx Advanced Technology Platforms 
(RADx ATP) program was established to 
increase POC testing capacity by identifying 
existing and late-stage testing platforms for 
COVID-19 that can potentially achieve rapid 
scale-up and broader distribution relatively 
quickly. The program focuses on validating 
throughput and then improving and/or scaling 
up applicable technologies, including high-
throughput platforms. As with RADx Tech, 
test and platform developers were evaluated, 
and then selected projects accelerated using the 
innovation funnel methodology. Developers 
that met RADx ATP criteria quickly advanced 
to Phase 2 of the program following the Phase 
0 “deep dive.” In contrast to RADx Tech, 
RADx ATP primarily supported testing tech-
nologies that had received or were close to U.S. 
Food and Drug Administration (FDA) autho-
rization and could be produced in rapidly 
expanding quantity. Another goal was to 

establish or expand regional testing hubs and 
help expand testing to areas with underserved 
populations. Close collaboration and open 
communication with the Biomedical Advanced 
Research and Development Authority 
(BARDA), Department of Defense (DoD), 
and FDA were critical to minimize duplication 
of effort and ensure the tests developed and 
sold were ready for public use.

1.3.3  RADx UP
COVID-19 has disproportionally affected 
underserved and vulnerable populations. The 
RADx Underserved Populations (RADx UP) 
program was established with the overarching 
goals of (1) understanding the factors associ-
ated with disparities in COVID-19 morbidity 
and mortality for underserved and vulnerable 
populations who are disproportionately 
affected by the COVID-19 pandemic, and (2) 
laying the foundation for strategies to reduce 
those disparities. RADx UP funded a diverse 
cohort of community projects across the 
United States to assess and expand COVID- 19 
testing for populations including African 
Americans, Native Americans, and Alaska 
Natives; those in nursing homes, jails, and 
prisons; rural areas and underserved urban 
areas; pregnant women; and the homeless. 
Specifically, the program established multiple 
clinical research sites to evaluate testing meth-
ods in varying populations, places, and set-
tings; encouraged collaboration between the 
program sites and the community to meet 
their needs; and developed strategies to apply 
technological advances in real-world settings, 
such as the “Say Yes! COVID Test” and 
Return to School testing initiatives.

For example, the Say Yes! COVID Test 
program (. Fig. 5), implemented in collabo-
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       . Fig. 5 Overview of  the foundational RADx pro-
grams established by NIH to speed innovation in the 
development, commercialization, and implementation 

of  technologies for COVID-19. (NIH, public domain, 
from 7 https://www. nih. gov/research- training/medical- -
research-  initiatives/radx/radx- programs)
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ration with state health departments and the 
U.S.  Centers for Disease Control and 
Prevention (CDC), provided select communi-
ties and public health departments access to 
free, rapid antigen tests for at-home use to 
determine whether frequent self-administered 
COVID- 19 testing helps reduce community 
transmission. The Safe Return to School 
Diagnostic Testing Initiative (7 Box 2) funded 
projects in multiple states to determine the best 
strategies combining frequent testing proto-
cols and proven safety measures to enable stu-
dents and staff in vulnerable and underserved 
communities to return to school (NIBIB 2021).

Box 2: Safe Return to School Diagnostic 
Testing Initiative
The RADx-UP program funded projects 
at ten institutions across eight states to 
build evidence on safely returning stu-
dents, teachers, and support staff  to in- 
person school in areas with vulnerable and 
underserved populations. The projects 
evaluated both at-home COVID-19 testing 
and pooled, in-school testing approaches 
using either antigen or molecular tests to 
analyze nasal swabs or saliva samples. 
While ongoing at the time of  this publica-
tion, the studies have already demon-
strated methods to overcome logistical and 
operational barriers in forming school–
academic–public health partnerships dur-
ing a pandemic and implementing robust 
diagnostic testing programs at K-12 
schools to help reduce educational and 
health disparities.

1.3.4  RADx-Rad
RADx Radical (RADx-rad) was established 
to support new, nontraditional approaches, 
including rapid detection devices and home- 
based testing technologies, that address cur-
rent gaps in COVID-19 testing. The program 
also supported novel applications of existing 
approaches to make them more usable, acces-

sible, or accurate, which may lead to new ways 
to identify the SARS-CoV-2 virus as well as 
potential future viruses. Many of the technol-
ogies supported by RADx-rad are unique 
approaches, including community wastewater 
analysis, next-generation sequencing analyti-
cal platforms, and testing technologies cou-
pled with artificial intelligence systems. Once 
sufficiently matured and demonstrated to 
have commercialization promise, select tech-
nologies supported by RADx-rad were 
encouraged to apply for the RADx Tech pro-
gram to further accelerate their development, 
validation, and market entry.

1.3.5  RADx ITAP
The RADx Independent Test Assessment 
Program (RADx ITAP) was established by 
NIBIB in partnership with the FDA in order 
to accelerate regulatory review of OTC 
COVID-19 tests for the public (POCTRN 
2022a). NIH provides dedicated RADx ITAP 
resources for independent laboratory valida-
tion, clinical studies, and streamlined data 
collection in support of FDA emergency use 
authorization (EUA) applications. For test 
manufacturers that can scale up quickly and 
meet the FDA’s performance and quality stan-
dards, the FDA will use the information from 
RADx ITAP to accelerate the EUA review 
process.

1.3.6  RADx MARS
At-home and self-administered SARS-CoV-2 
tests, unlike diagnostic tests in laboratories, 
are not routinely reported or included in 
health statistics. The RADx Mobile 
Application Reporting through Standards 
(RADx MARS) program was established by 
NIBIB in partnership with the 
U.S.  Department of Health and Human 
Services (HHS) Office of the National 
Coordinator for Health Information 
Technology (ONC) to accommodate the 
increased use of at-home testing by enabling 
results reporting. RADx MARS assists diag-
nostic manufacturers that provide a compan-
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       . Fig. 6 Online caption at Say Yes! COVID Test: Help us learn more about the different ways to test for COVID-
 19 at home!

ion mobile application or website to implement 
standardized results reporting based on two 
principles: (1) encoding of results and associ-
ated data in a healthcare industry-standard 
format, and (2) identifying one (or a few) 
destination(s) where these results can be sent 
and subsequently re- transmitted to appropri-
ate state, federal, and related health systems 
(. Fig. 6).

2  The RADx Tech Program

2.1  Overview of Program Design 
and Operation

Named to recall the World War II-era pro-
gram at the Massachusetts Institute of 
Technology Radiation Laboratory (Rad Lab) 
that developed radar (Collins 2020), the 
RADx Tech program was launched in April 
2020 by NIBIB to swiftly develop and bring to 
market millions of diagnostic tests for SARS-
CoV-2. Central to the design, implementa-
tion, and management of RADx Tech is the 
NIH Point of Care Technology Research 
Network (POCTRN 2022b), which was well 
established prior to the pandemic and uses a 
partnership model to improve clinical care by 

developing POC test devices, assessing clinical 
needs, training technology developers, and 
providing administrative support. Described 
as “a competitive shark tank” by U.S. Senator 
Lamar Alexander, who co-sponsored funding 
legislation (Senate testimony on new tests for 
COVID-19 2020), RADx Tech leverages 
POCTRN and harnesses the strengths of the 
U.S. government, academic, and private sec-
tors to rapidly vet, fund, support, and bring 
new tests to market. While other programs 
under the RADx umbrella focused on early-
stage technologies, laboratory-based tests, 
and supporting underserved populations, 
RADx Tech initially focused on new POC 
tests with some support for at-home tests 
(Tromberg et  al. 2020). This focus evolved 
with time due to real-world test usage studies 
(Dempsey et  al. 2021), the needs of public 
health agencies, and the proliferation of 
SARS-CoV-2 variants.

Innovators from across the business, aca-
demic, nonprofit, and other sectors with 
promising COVID-19 diagnostic devices or 
testing platforms were invited to submit a 
detailed proposal describing their product 
and development plans. Proposals were 
reviewed by an external panel of experts for 
feasibility based on technical, clinical, regula-
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       . Fig. 7 How results from a self-administered test are 
sent to public health systems. The workflow supports 
tests developed by different manufacturers. Results are 
first captured in a mobile application (app) that accom-
panies a specific test. The App creates a healthcare data 

communication standards-based message that it sends 
to a third-party hub. The hub then relays the message to 
the appropriate public health system(s). (NIH, public 
domain, from 7 https://www. nibib. nih. gov/covid- 19/
radx- tech- program/mars)

tory, and commercialization criteria 
(. Fig. 7). Qualifying proposals advanced to 
the “deep dive” stage (Phase 0) for work pack-
age (WP) development and were assigned a 
team of healthcare commercialization and 
content experts to assess the proposal and 
identify risk factors that could impede prog-
ress. Milestones indicating risk resolution and 
further progress were assigned. Projects with 
the greatest potential to increase national test-
ing capacity and fill key gaps in the testing 
ecosystem were advanced to the next phase 
(Phase 1) and were provided financial 
resources via a grant subaward from a 
POCTRN center; expert advisors; and in-
kind technical, clinical, and business support 
to address high-risk barriers to development 
success. Sufficiently de-risked projects were 
issued substantial contract awards by NIBIB 
in the final phase (Phase 2) to support the full 
range of activities needed for large-scale dis-
tribution to the public, including manufactur-
ing. As of September 2022, the RADx Tech 
innovation funnel (includes RADx ATP and 
RADx ITAP) has enabled 35 novel technolo-

gies to obtain FDA emergency use authoriza-
tion, delivering a cumulative five billion 
additional COVID-19 tests and test products 
to the market, including the first over-the-
counter test for at-home use. The following 
sections will provide an overview of the pro-
gram design and operations of RADx Tech; 
for further information, Schachter and Parrish 
(2021) published an extensive description of 
the program’s components as a special section 
in the IEEE Open Journal of Engineering in 
Medicine and  Biology.

2.2  The Innovation Funnel

The RADx Tech selection methodology is 
referred to as the innovation funnel (. Fig. 7) 
because the multistage review process, 
designed to quickly eliminate unlikely pros-
pects and provide deep, intensive evaluation 
of likely prospects prior to funding, resulted 
in a narrowing pipeline ending with the 
deployment of highly competitive products. 
The funnel was open for a broad assortment 
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Category Criteria
Technical Can the technology be developed to the highest levels of analytical 

performance (e.g., sensitivity, specificity, dynamic range, limit of detection,

reliability, accuracy, speed, and throughput) as well as operational 

performance, such as patient- and user-friendly design, alternative sampling 

strategies (saliva, exhaled breath, etc.), optimization of swab materials and test 

reagents, mobile-device integration, increased accessibility, and home use? Do 

these technical and design advances help expand national testing capacity and 

provide clear advantages over current approaches?

Clinical Is the proposal a realistic approach to increasing SARS-CoV-2 testing? Can it 

be rapidly integrated into the healthcare system?

Commercial Assuming the technology works as anticipated, can it be implemented and 

produced economically at scale?

Regulatory Are there feasible plans to perform the studies required for FDA Emergency

Use Authorization (EUA) and subsequent FDA clearance?

       . Fig. 8 RADx Tech project review criteria

of technologies at various stages of maturity 
from any sponsoring organization. One key 
principle was that there is strength in diversity, 
and that RADx Tech would explore the best 
exemplar of each approach to detecting the 
SARS-CoV-2 virus.

The 700-plus proposals received by August 
11, 2020, when the submissions window ini-
tially closed, were reviewed by NIH staff, scien-
tific consultants, and industry experts using a 
defined set of evaluation criteria (. Fig.  8) 
with the goal of rapidly enabling commercial-
ization (NIH 2022b). As these proposals went 
through multiple evaluation steps, the numbers 
narrowed: 140 (20%) from this initial cohort 
were invited to participate in the “deep dive” 
process (Phase 0) where reviewers met with the 
test developer to quickly vet the technology, 
the team, and the commercialization potential. 
Fewer than one-third of the 140 projects then 
advanced to Phase 1: a detailed evaluation of 
risks, steps required for commercialization, 
and needed funding. NIBIB funded more than 
30 of these work package-1 (WP1) projects in 
Phase 1, designed to de-risk (i.e., identify risk 
factors that could impede development and 
deployment of the proposed technology) the 
technology and manufacturing process and to 
obtain regulatory authorization. A handful of 
proposals were immediately ready for the next 
stage of support. These, along with successful 
WP1 projects, were awarded work package-2 
(WP2) contracts, for example, to scale up pro-
duction or broaden their usability, such as tak-
ing a POC authorized product and getting 
over- the- counter authorization. NIBIB re-

opened the innovation funnel for new applica-
tions in July 2021 and, as of November 2021, 
has awarded more than 45 WP2 contracts in 
Phase 2, with a cumulative value of almost 
$700M (NIH 2022a).

Not all projects were successful. While the 
failure rate of WP1 to WP2 transitions was 
relatively low, the number of WP2 projects 
that failed to meet their milestones on time 
has been relatively high. Due to the ongoing 
pandemic, NIBIB has made several difficult 
decisions to discontinue support for projects 
that met technical milestones but not com-
mercialization goals.

As part of the ongoing evaluation of each 
funded WP1 and WP2 project, NIH program 
managers and the RADx network of expert 
advisors and consultants meet weekly and 
even daily with the test developer to assess 
progress. A dedicated team of scientific, tech-
nical, and industrial experts provides coach-
ing to get the product from concept to 
full-scale production and implementation. In 
addition to deep involvement with the test 
developer, RADx Tech supported an indepen-
dent validation process that subjected each 
product to bench testing, analytical testing, 
evaluation with clinical samples, and ulti-
mately clinical evaluation against a “gold 
standard” reverse transcriptase-polymerase 
chain reaction (RT-PCR) assay. For over-the- 
counter use, products also underwent human 
factors evaluation to assess the ability of users 
to perform the test and read the results accu-
rately. As virus variants evolved and became 
epidemiologically relevant, tests were also 
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required to undergo evaluation for their abil-
ity to detect these new variant strains. The end 
goal of this independent validation was to 
ensure that each product met the FDA’s EUA 
requirements and could provide documenta-
tion of device performance. Within a year, the 
test developers supported by RADx were pro-
ducing 17 million POC and at-home tests per 
month.

2.3  Test Validation

Independent verification of the test perfor-
mance data provided by the developer was a 
critical component of Phase 1 (WP1) of 
RADx Tech and enabled NIBIB to make 
more informed decisions on whether to con-
tinue funding the project. It would also prove 
instrumental in assessing the impact of SARS- 
CoV- 2 variants on the efficacy of rapid anti-
gen tests (Frediani et  al. 2021) and in 
establishing standards for evaluating diagnos-
tic technologies that would go on to become 
the foundation for RADx ITAP.  The Test 
Verification Core (TVC) was rapidly initiated 
at the Atlanta Center for Microsystems 
Engineered Point of Care Technologies, a 
partnership between Emory University, 
Georgia Institute of Technology, and 
Children’s Healthcare of Atlanta, to serve as 
the national test validation hub, providing 
impartial assessment of the design and per-
formance of diagnostic tests.

The organization, operation, and techni-
cal assessments conducted by the TVC are 
described in detail elsewhere (Nehl et  al. 
2021). Briefly, a multi-institutional and trans-
disciplinary team was assembled along the 
following workstreams: laboratory and clini-
cal device evaluation to understand the sensi-
tivity, specificity, and cross-reactivity of 
candidate devices in controlled and commu-
nity settings and compared to RT-PCR tests; 
regulatory expertise to identify and overcome 
barriers to device approval and distribution; 
usability testing by patients and others to 
identify and overcome device limitations; 
and engineering assessment to evaluate 
robustness of  design including human fac-
tors, manufacturability, shipment and stor-

age requirements, and scalability. This 
comprehensive test assessment program 
required extensive laboratory resources, com-
prising biosafety level 2 and 3 facilities, bio-
banks of  COVID-19 positive and negative 
patient specimens, community- based collec-
tion, and engineering design and human fac-
tors assessment labs.

2.4  Clinical Studies

While the Test Verification Core (TVC) pro-
vided a detailed assessment of diagnostic tests 
largely under controlled laboratory condi-
tions, RADx Tech established the Clinical 
Studies Core (CSC) to evaluate COVID-19 
tests in real-world situations and generate 
clinical data for regulatory authorization. The 
CSC was created by the Center for Advancing 
Point of Care Technologies (CAPCaT) in 
Heart, Lung, Blood, and Sleep Diseases, a 
POCTRN technology hub at the University 
of Massachusetts Lowell and the University 
of Massachusetts Medical School, with con-
tributions from other POCTRN centers at 
Northwestern, Emory, and Johns Hopkins 
Universities. The primary objective of the 
CSC was to design and implement diagnostic 
device clinical studies to evaluate test perfor-
mance and usability across diverse use-case 
populations and settings.

Gibson et al. (2021) describe in detail how 
the CSC built and maintained clinical studies 
infrastructure and platform trial designs that 
could be rapidly adapted for clinical trials of 
each testing technology entering RADx Tech 
Phase 2. This included a master protocol, con-
sent form, digital study platform, data man-
agement system, single institutional review 
board (research ethics review committee) with 
study site reliance agreements, community 
engagement mechanisms, and multisite part-
nerships. The infrastructure and core design 
enabled standardization while accommodat-
ing the diverse testing methods and test envi-
ronments under study. Further accelerating 
the studies was the Eureka digital research 
platform through which trials were executed 
(Eureka 2022). Supported by NIH and devel-
oped at the University of California San 
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Francisco, Eureka engaged study participants 
through a web-based interface or mobile app 
to assess their eligibility for the study, obtain 
their consent to participate, and complete dig-
ital surveys on their interpretations of test 
results and assessments of device usability. 
Taken together, the CSC’s efforts to stream-
line studies significantly reduced the time and 
costs of trials and enabled successful products 
to get to market faster.

2.5  Regulatory Review 
and Emergency Use 
Authorization

Before a medical device, including in  vitro 
diagnostics such as COVID-19 tests, can be 
marketed in the United States, clinical studies 
are generally needed to demonstrate to the 
FDA that the device is safe and effective. 
Following the January 31, 2020, declaration by 
the Secretary of Health and Human Services 
of a national public health emergency in 
response to COVID-19, the FDA exercised its 
authority to waive some of these requirements 
and issue emergency use authorization (EUA) 
for medical devices that had not gone through 
the entire traditional approval or clearance 
process. However, test developers were still 
required to provide sufficient evidence to vali-
date analytical and clinical function of the 
diagnostic device. The FDA requires rigorous 
data because unreliable COVID-19 tests could 
harm individual and public health (FDA 
2021b). False positive results can lead to 
unnecessary quarantine, resources wasted on 
contact tracing and testing, and delay in accu-
rate diagnosis and appropriate treatment. 
False negatives could mean patients do not get 
the treatment they need, even as they poten-
tially spread the disease to others.

To help test developers and manufactur-
ers design their clinical studies, the FDA pro-
vides EUA templates that lay out clear 
protocols and guidelines to follow as one 
pathway to authorization (FDA 2022). In 
broad terms, the FDA asks developers to 
demonstrate that a COVID-19 test meets 
analytical and clinical criteria in a random-

ized, blinded clinical study that compares test 
results with paired reference samples. The 
analytical study typically includes an assess-
ment of  the limit of  detection (LOD) (i.e., 
test sensitivity), cross- reactivity with other 
pathogens (i.e., test specificity), and flex stud-
ies to check that the test will function prop-
erly despite minor product or sample 
variations—the sort of  assessment that usu-
ally precedes a full clinical study.

The clinical study must demonstrate that 
an in  vitro diagnostic device does what it 
claims for the population it is intended to 
serve. Test developers must consider whether 
the intended population will include children, 
whether the test distinguishes between levels 
of infection, whether it is intended only for 
symptomatic individuals or also for asymp-
tomatic screening, and of course the use envi-
ronment. For POC and at-home tests, 
developers must demonstrate that the intended 
user can successfully run the test “first time 
out of the box” using only the provided 
instructions. Usability testing is generally con-
ducted in parallel with the clinical study to 
accelerate the timeline to regulatory review 
submission.

With the high opportunity cost of delay-
ing test development during the COVID-19 
pandemic, the RADx Tech program sought to 
accelerate regulatory authorization by con-
ducting some of the analytical, clinical, and 
usability studies in parallel. While this puts 
investment at greater risk compared to the 
traditional sequential approach, it accelerated 
market entry for tests that met regulatory 
standards. Coordination between NIH and 
FDA throughout the RADx initiative was 
critical to efficient analytical and clinical study 
design and implementation.

2.6  Deployment: Supply Chain, 
Manufacturing, 
and Distribution

In anticipation of FDA emergency use autho-
rization of a RADx Tech-supported test, 
NIBIB invested considerable effort and funds 
to enable test developers to produce tests in 
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high volume immediately upon authorization. 
It is rare for a medical product to launch with 
a high production volume; typically, there is a 
“beta” period after the product has been 
approved when marketing strategies are devel-
oped, supply chains are built, and consistent 
product quality is assured. Sometimes the 
production is paired with storage to ensure 
wide availability after the post-approval steps 
are complete. These are not options during a 
pandemic when tests are needed at scale 
immediately.

Most of the RADx Tech-supported devel-
opers had little experience launching new 
products, while supply chains, manufacturing, 
and distribution have not normally been within 
the purview of NIH. Therefore, a team of 
commercialization, procurement, logistics, 
and supply chain experts was incorporated 
into the RADx network as a Deployment Core 
to provide test developers in Phase 1 and Phase 
2 of the program with coordinated infrastruc-
ture to enable market entry. Consultative ser-
vices provided by the Deployment Core 
included, but were not limited to, procurement 
and supply chain, manufacturing and develop-
ment, logistics, distribution, quality manage-
ment, regulatory, recruiting, reimbursement, 
market research, and verification/validation 
(Walsh et al. 2021). Critical to the success of 
the Deployment Core were close partnerships 
and collaborations with the HHS Assistant 
Secretary for Preparedness and Response 
(ASPR),1 the Biomedical Advanced Research 
and Development Authority (BARDA), and 
multiple components of the Department of 
Defense, including the U.S.  Air Force 
Acquisition COVID-19 Task Force.

The deployment challenges were com-
pounded by pandemic-related supply chain 
constraints, labor shortages, and competition 
for scarce resources. Prior to the formation of 
the HHS Testing and Diagnostics Working 
Group, the Deployment Core developed pro-
jections of raw material needs, potential sup-
pliers, and market rates. These projections 
were used to build forecasts for critical com-

1 Now the Administration for Strategic Preparedness 
and Response.

ponents of COVID-19 diagnostic tests, such 
as nasal swabs, nitrocellulose membranes for 
lateral flow assays, automated manufacturing 
equipment, pipette tips for high-throughput 
assays, sample collection vials, and steriliza-
tion and packaging equipment. These fore-
casts, combined with other Deployment Core 
outputs, informed RADx Tech programmatic 
and funding decisions to support additional 
technologies that used alternative materials or 
sample collection methods. Strategic, albeit 
limited implementation of Defense Production 
Act (DPA) authority to prioritize government 
contracts with suppliers also helped reduce 
supply chain limitations. For example, RADx 
Tech has relied on DPA authorities to support 
procurement of pressure sensors, fluid flow 
sensors, microcontrollers, and automation 
equipment for test developers in its portfolio.

The Deployment Core also developed 
educational tools to inform the public about 
available tests and how to use them in a vari-
ety of  settings. A continually updated online 
guide (on when to perform testing in various 
environments, situations, and using different 
kinds of  diagnostic technologies) is a key 
source for public information (When to test 
2022). Built in collaboration with the MIT 
Institute for Data, Systems, and Society, 
7 WhenToTest. org provides science-based 
guidance for individuals and organizations 
on mitigation and testing strategies, and how 
to combine COVID-19 prevention and con-
tainment with the latest testing strategies to 
minimize the spread of  the virus in specific 
environments (Walsh et al. 2021). Based on 
individual user input on contacts with others 
or their organization’s mitigation strategies, 
level of  compliance, and community preva-
lence of  COVID-19, the underlying mathe-
matical model provides recommendations 
and guidance for developing and implement-
ing a specialized testing strategy.

2.7  Digital Health Infrastructure 
and Tools

Reflecting the potential of digital health tech-
nologies to augment COVID-19 testing, a key 
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element of the RADx Tech program was 
development and evaluation of digital health 
tools. These fall into four categories, each 
with the potential to guide individuals through 
the pandemic in specific but synergistic ways.

2.7.1  Wearables
Wearables for monitoring and detection, 
including smartwatches, fitness trackers, and 
other wearable sensors, can continuously 
monitor physiological signals as individuals 
go about their lives. Sensor data can be 
 analyzed with statistical or deep learning 
models to detect anomalies or changes in sig-
nals from baseline, a potential indicator of 
deteriorating health or disease. This approach 
has been used to detect COVID-19 onset from 
smartwatch data prior to appearance of 
symptoms (Mishra et  al. 2020). While this 
strategy has shown promise, it currently suf-
fers from relatively low detection sensitivity 
and specificity. A practical application of this 
technology may therefore be to alert individu-
als of suspected COVID-19 and encourage 
them to get tested, rather than trying to make 
a diagnosis from smartwatch data alone.

2.7.2  Digital Contact Tracing 
and Exposure Notification 
Systems

Digital Contact Tracing and Exposure 
Notification Systems, such as the one devel-
oped by Apple and Google (2022), were among 
the widely known mobile health technologies 
emerging during the COVID-19 pandemic. 
This smartphone-based technology causes 
phones that come near each other to exchange 
anonymous key codes via Bluetooth or other 
wireless communication protocols; if  a phone 
owner later tests positive, it can trigger a noti-
fication to all other phones that were nearby in 
the preceding days, alerting those notified to 
get tested. This novel digital approach supple-
ments manual contact tracing, which is 
resource intensive. However, digital contact 
tracing has yet to achieve widespread adoption 
largely due to concerns about privacy, security, 
and trust (GAO 2021). Future efforts are 
needed to demonstrate the effectiveness of 
digital contact tracing tools and better educate 
the public about their value.

2.7.3  Proof-of-Health Status 
Technologies

While contact tracing is useful when an indi-
vidual tests positive, other digital health tech-
nologies can offer value to people who test 
negative. Proof-of-health-status technologies, 
also known as testing or vaccine passports, 
can provide a digital record of an individual’s 
test result or vaccination history. Several solu-
tions have emerged during the COVID-19 
pandemic that leverage advances in cryptog-
raphy and blockchain to provide securely 
identified certification of health status while 
protecting individual privacy. As with digital 
contact tracing technologies, public adoption 
has been limited due to politicization and con-
cerns over security and privacy. Nevertheless, 
some practical solutions have emerged. For 
example, through a partnership between the 
identity verification provider CLEAR and the 
at-home test manufacturer Lucira Health, the 
Golden State Warriors NBA team leveraged 
testing passports to ensure that unvaccinated 
fans tested negative for SARS-CoV-2 before 
entering the stadium (NBA 2021).

2.7.4  Smartphone Companion 
Testing Apps

As self-administered tests became more prev-
alent during the COVID-19 pandemic, so did 
the availability of smartphone companion test-
ing apps. These apps are generally designed to 
assist users with test administration, either 
through on-screen instructions or by connect-
ing users with a live telehealth proctor. 
Another important feature of these apps 
enables individuals to share their test results 
with state and federal health systems. In some 
cases, the apps can even interpret test results; 
for example, by analyzing a photograph of the 
test strip.

2.7.5  Combined Technologies
While each of the above technologies can 
serve a unique role in guiding individuals 
through pandemic life, their greatest impact 
can be achieved by combining them into an 
integrated system. Consider a person who 
feels healthy, but whose smartwatch generates 
an alert about suspected COVID-19 onset. 
The person self-administers a COVID-19 test 
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       . Fig. 9 RADx Variant Task Force program for assessing the impact of  variants on SARS-CoV-2 molecular and 
antigen tests. (Creager et al. 2021; CC BY 4.0)

at home under the guidance of a smartphone 
app. The app interprets the test result as being 
positive, shares the result with the state public 
health department, and leverages digital con-
tact tracing to automatically notify other 
phones that were in close proximity in recent 
days. Two weeks pass, and the person recovers 
from COVID-19 and self-administers another 
test that yields a negative result. The testing 
app issues a digital testing passport, allowing 
the person to board a plane for vacation. 
While this scenario is not currently possible, it 
may be an element of future pandemic 
response.

2.8  Monitoring and Anticipating 
Viral Variants

The emergence of the COVID-19 Delta vari-
ant in 2021 underscored the importance of 
ongoing monitoring and quality control of 
test sensitivity. The NIH, CDC, and FDA 
developed a collaborative strategy to address 
this challenge. The CDC established a nation-
wide genomic surveillance program, engaging 
multiple high-throughput laboratories to per-
form whole-genome sequencing on up to 

100,000 SARS-CoV-2 samples per week. The 
NIH and the FDA jointly created the RADx 
Variants Task Force (VTF), which brought 
together RADx Tech’s test verification and 
bioinformatics cores and the FDA’s Center for 
Devices and Radiological Health. The mis-
sion of the VTF was to ensure that testing 
technologies supported by RADx Tech would 
accurately and comprehensively detect SARS- 
CoV- 2 variants. This was a critical aspect of 
nationwide access to an array of effective 
COVID-19 tests.

The VTF carried out its work through a 
combination of computational and labora-
tory approaches. The computational aspect 
centered on continuous processing of viral 
genomes deposited into the global genetic 
database GISAID2 and public sequence data-
bases to track the distribution of viral lineages 
and identify lineage-specific mutations 
(. Fig.  9). These mutations were compared 
to known primer probes of molecular tests 
and known epitopes of antigen tests to evalu-
ate whether loss of affinity or signal was likely. 

2 Originally called the Global Initiative on Sharing 
Avian Influenza Data.
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All tests computationally identified as being 
at risk for loss of sensitivity were referred to 
the Test Verification Core for laboratory fol-
low up.

The laboratory component of the VTF 
effort relied on collection of viral samples 
from partner laboratories. Only samples that 
were fully characterized through whole- 
genome sequencing were collected. The 
emphasis was on samples of variants that 
could lead to loss of sensitivity, although a 
representative library of SARS-CoV-2 lin-
eages was maintained whenever possible. 
Existing tests computationally shown to be at 
risk for sensitivity loss were evaluated against 
variants in a laboratory setting, with the out-
come guiding potential adjustment of either 
the test or the accompanying label. Experts 
from the FDA participated in the design and 
evaluation of both computational and labora-
tory metrics, enabling test developers to use 
the VTF data as part of their EUA or other 
regulatory submission. Administration offi-
cials overseeing pandemic response were 
briefed when emerging SARS-CoV-2 variants 
seemed likely to reduce the sensitivity of any 
test when used in a meaningful new market, as 
well as on the outcome of ensuing validation 
or remediation.

3  Summary of Key Lessons 
Learned

The RADx Tech Program has demonstrated 
the value of active NIH engagement across 
scientific, technical, operational, and com-
mercial boundaries during a health emer-
gency. RADx Tech compressed the timeline 
and increased the success rate for innovative 
biomedical technology development and 
commercialization. The urgency of the pan-
demic and declaration of a public health 
emergency provided the opportunity to speed 
up program implementation, fund at-risk 
activities in parallel with de-risking work, 
explicitly support product development and 
commercialization through direct partner-
ships with experienced industry consultants, 
and collaborate freely and intensively with 
other government agencies and departments. 

Shared, urgent goals in a public health crisis 
underscored the value of combining comple-
mentary capabilities from government, indus-
try, and academia to solve interdisciplinary 
challenges. These experiences will likely have a 
lasting impact on how NIH, and by extension 
the U.S. Government (USG), approaches bio-
medical technology development.

3.1  Scientific and Technological

Investment in diverse diagnostic platforms is 
essential to ensuring that different use cases 
can be met successfully. RADx Tech sup-
ported a diverse portfolio of diagnostic assays 
and platform technologies; these ranged from 
hand-held RT-PCR devices with isothermal 
amplification to CRISPR-based (clustered 
regularly interspaced short palindromic 
repeats) assays to lateral flow assays utilizing 
quantum dot technology, to name a few. 
Multiplexed platforms, analyte concentration 
reagents that increase assay sensitivity, and 
injection-molded plastic nasal swabs are addi-
tional innovations developed with RADx 
Tech support. By spreading its investments 
across a variety of detection approaches tar-
geting diverse viral genomic sequences and 
antigens, the potential that SARS-CoV-2 vari-
ants could evade tests across the diagnostic 
portfolio was reduced. Similarly, the impact 
of supply chain disruptions was diminished 
when tests utilized different components, from 
buffers to reagent enzymes to swab types. This 
scientific and technological heterogeneity was 
a critical design component of RADx Tech’s 
approach to accelerating diagnostic innova-
tion, and has had the secondary benefit of 
supporting many small businesses and diversi-
fying the program’s positive economic impact.

Another scientific and technological 
advance was the establishment of VTF with 
experimental analysis from the Test 
Verification Core (TVC). Building diagnostic 
resilience against the arrival of SARS-CoV-2 
variants required resources to monitor their 
emergence and measure impact on test perfor-
mance. The VTF and TVC built their sample 
collection, inventory, and storage manage-
ment capabilities and assay protocols to ana-
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lyze test sensitivity quickly and quantitatively 
as variants emerged. Again, the diversity of 
molecular and viral tests receiving RADx 
Tech support was critical as the ability to 
adapt testing technologies to viral variants is 
not uniform across diagnostic platforms. 
Rapid antigen tests tend to design robustness 
against variants into the initial selection of 
antibody/antigen pairs but require laboratory 
or real-world analysis to demonstrate contin-
ued accuracy, while nucleic acid amplification- 
based tests can more rapidly be modified with 
new primers that identify mutated sequences 
based on computational analysis of binding 
affinity.

Overall, the technologies accelerated 
through the innovation funnel are likely cata-
lyzing a fundamental shift in the diagnostic 
testing ecosystem, away from the dominance 
of laboratory assays to further integration of 
rapid POC and at-home tests powered by 
cutting- edge analytical science and digital 
health technologies. The acceptability of and 
demand for access to facile, on-demand test-
ing is growing, and continued diagnostic inno-
vation will be needed to meet that demand. 
This is a story that continues to unfold, and 
the relevance of in  vitro diagnostic testing, 
both in a health crisis and in the larger context 
of healthcare and personalized medicine 
going forward, was captured in a recent 
Nature Biotechnology editorial stating, “[the] 
combination of RADx technologies, together 
with structural changes to healthcare during 
the pandemic, has the potential to radically 
change diagnostics, opening up the point of 
care (POC), at-home and community testing 
settings” (Radical solutions 2021).

3.2  Operational

A critical programmatic tool NIH has used to 
bring scientific discoveries into the clinic to 
positively impact human health is public–pri-
vate partnerships. NIH has a substantial 
record of achievement in supporting research 
that leads to the development of technologies 
for basic science and clinical applications. 
However, NIH has traditionally not provided 
active support for development and commer-

cialization activities that follow the research 
phase of technology development. That work 
has historically been regarded as the province 
of industry, though the significant challenges 
of moving technologies from laboratory pro-
totype to commercial product are many. While 
NIH encourages the licensing and commer-
cialization of products originating in agency- 
funded research, direct support for 
commercialization has been limited.

RADx Tech, building on the POCTRN 
operational model and further expanding 
industry partnerships, provides a roadmap for 
NIH success in the acceleration of technology 
development, preparation for regulatory sub-
missions, and commercialization of impactful 
health technologies. The success of RADx 
Tech demonstrates that urgency and willing-
ness to step beyond the traditional NIH 
approach to technology development can sig-
nificantly accelerate the transition from con-
cept to proven product. Engaging a large 
cadre of consultants with significant industry 
experience proved critical. This includes lead-
ership for rapidly growing companies, navi-
gating a complex, rapidly evolving regulatory 
process, and solving problems in supply chain, 
cash flow, marketing, and sales, among other 
tasks. The availability of experts with practi-
cal experience and a network of industry con-
tacts has been essential. Industry insiders have 
been able to establish connections, build trust, 
and mentor emerging companies. Under a 
typical industry-funded development path-
way, it usually takes 5–7  years to get a new 
medical device cleared by the FDA.  RADx 
Tech has proven that with an all-hands-on 
deck approach and the investment of suffi-
cient resources this can be reduced to as little 
as 12 months.

For a program like RADx Tech to be suc-
cessful, it requires decision-making that 
extends beyond technical and scientific assess-
ment. Investment decisions must also consider 
the capabilities of the company and its ability 
to execute the plans proposed. RADx Tech 
includes mechanisms to evaluate that larger 
picture. The team has had to learn to recog-
nize warning signs of failure and be willing to 
move on when a diagnostic in development 
does not meet its performance metrics. Test 
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developers supported by RADx Tech face 
many hurdles, and not every company with an 
attractive technology platform has been able 
to fully act on the regulatory guidance and 
production assistance developed through the 
program. A clear-eyed appreciation that not 
every project will succeed must be tempered 
with the patience to see a promising project 
through the crises that are inherent in devel-
opment and commercialization—problems 
different from the routine setbacks that scien-
tists encounter in their research.

New collaborative arrangements with 
industry partners were not the only opera-
tional innovation; the success of the RADx 
Tech program would not have been possible 
without active partnerships across govern-
ment. The urgency of addressing a global 
pandemic gave formal and informal networks 
among departments and operating divisions 
new importance and legitimacy. Those net-
works have addressed problems as diverse as 
expediting the movement of research materi-
als through ports of entry, finding alternative 
suppliers for critical parts, developing novel 
approaches to rapid approval of tests already 
available outside the United States without 
diminishing the rigor of the regulatory review 
process, and ensuring that support for test 
development by different agencies is comple-
mentary rather than duplicative.

Government agencies have innovated 
together not just to accelerate processes but to 
improve them and increase confidence in out-
comes. Sustaining these collaborative net-
works going forward has the potential to 
institutionalize a level of communication and 
cooperation that will not only impact ongoing 
technology development but also provide a 
warm base for action in subsequent public 
health crises.

RADx Tech has also leveraged the public 
health emergency-authorized flexibilities in 
federal procurement to award Phase 2 and 
other contracts at a rate commensurate with 
urgency of expanding COVID-19 testing 
while ensuring proper stewardship of federal 
funds. Prior to the pandemic, most large NIH 
contracts required an average of a full year to 
go from initial solicitation to final award. 
RADx Tech staff  reduced this timeline down 

to a range of 10 days to 4 weeks. Another 
unique capability utilized by the program 
were “letter contracts,” which support efforts 
with loosely defined objectives that are not 
guaranteed to achieve their deliverables or 
may not even be needed by the time the deliv-
erable is completed. A key element has been to 
balance the need to act swiftly and decisively 
while maintaining good practices for govern-
ment procurement. An important lesson as 
the country emerges from the pandemic will 
be to maintain the degree of flexibility appro-
priate for inherently risky activities like tech-
nology development directed at a moving 
target.

The approaches outlined above can be 
applied to other opportunities no less urgent 
but with a narrower impact than the 
COVID- 19 pandemic, such as diseases with 
similar or worse consequences but affecting 
fewer individuals, building on NIH invest-
ments in the development of therapies for 
understudied and rare diseases.

3.3  Regulatory

The RADx Tech program has provided an 
opportunity to better understand how agen-
cies with complementary missions such as 
NIH and FDA can collaborate while main-
taining their autonomous decision authority. 
Facile communication between agencies has 
allowed NIH and the RADx Tech program to 
support participating test developers more 
effectively. It has also ensured that FDA has 
the necessary information for expedited 
review and issuance of EUAs. One example is 
the bi-weekly meetings that have shared 
awareness of trends, cross-cutting issues, and 
specific product issues among trusted inter-
locutors. A good example of what can result is 
the “universal” protocol RADx Tech devel-
oped with the FDA for clinical product evalu-
ation, a protocol that provides more 
consistency in regulatory submissions for dif-
ferent products and reduces review time.

In the current healthcare regulatory para-
digm, it is not the responsibility of the U.S. 
government to validate an individual product 
or monitor its market performance. Currently, 
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the FDA does not have authorization or 
appropriations to build analytical software or 
perform independent laboratory or clinical 
validation of performance and safety data 
submitted by test developers. In response, 
RADx Tech utilized the resources it had avail-
able to experimentally validate data from 
diagnostic products not associated with 
government- funded programs and build 
extensive analytical software to collect, man-
age, and store this data.

Initially, little effort was put into verifying 
shelf  life, though as the pandemic progressed 
it became apparent that waves of infection 
would continue, and shelf  life would be an 
important criterion. Given the relative imma-
turity of most POC and OTC technologies, 
the FDA has required “real-time” shelf-life 
evaluation, where sample products must sit on 
a shelf  in typical storage conditions for the 
entire duration of the shelf-life claim being 
sought in order to demonstrate its viability.

Although genome sequences fulfill many 
functions that required physical samples until 
recently, this is not true of diagnostic valida-
tion. In the current state of uncertainty about 
sample sharing in international law, cross- 
border sample acquisition has rarely been pos-
sible during the last few years (Halabi 2019). 
This leaves diagnostic validation weeks behind 
the emergence of new variant strains since the 
strain must first spread to the United States, be 
detected domestically, sequenced, and sent to 
NIBIB or other labs in sufficient quantity to 
validate the performance of both authorized 
and pending products. In addition, during a 
lull in SARS-CoV-2 transmission, it became 
very difficult to collect enough positive sam-
ples domestically to support EUA claims.

3.4  Manufacturing and Supply 
Chain

The unpredictable ups and downs of the pan-
demic have led to further volatility in the 
changing diagnostic market, complicating a 
highly competitive and fragile supply chain 
for test components. It has been an iterative 
process to learn which supply chain items 
have a long manufacturing ramp-up that can-

not be accelerated, and which can. This intro-
duces additional risk, as items that require a 
long time to produce may be highly custom-
ized and usable only for one product—one 
that may have failed by the time the compo-
nent is ready. Automated manufacturing 
equipment has been a perpetual challenge as 
it is expensive, usually highly customized, spe-
cific to a product, cannot be built quickly, and 
must be ordered and paid for before the prod-
uct has been validated.

This led to a very challenging situation in 
the fall of 2021 as various market forces col-
lided. The demand for COVID-19 testing had 
decreased compared to the previous summer, 
and most testing companies did not project 
enough long-term demand to maintain manu-
facturing capacity. Meanwhile, the global 
economy had begun to return to catch up on a 
year-long backlog in the supply chain. When 
the emergence of the Delta variant sparked 
demand for additional testing, there was 
intense competition across all market seg-
ments for commodity items such as semicon-
ductor chips and other electronic components. 
Given the volatile behavior of the diagnostics 
market, most suppliers gave preference to 
their steady nondiagnostic customers. This 
left most POC and high-end OTC diagnostic 
products in short supply.

Talent and human resources have also 
been a severe constraint at various junctures. 
Many products went through an initial phase 
of production by manual or semi-automated 
assembly, both of which require short-term 
technicians to be hired and trained quickly. 
For lab-based tests, this shortage is even more 
critical given the training and certifications 
required. As one industry member put it, 
skilled and trained labor “cannot be stock-
piled.”

There has been constant tension between 
leveraging foreign manufacturing capacity to 
ramp up quickly versus the more sustained 
investment to build domestic capacity. 
Domestic manufacturing is ultimately more 
responsive to national needs and addresses 
national security concerns. However, domes-
tic production costs are higher, which affects 
price, public access to testing, and long-term 
market competitiveness.
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The key lesson learned, however, is that if  
the federal government wishes small busi-
nesses to build and develop new products 
quickly for a market that had not previously 
existed, then the government needs to provide 
key resources. For example, a half  dozen 
industry experts were brought on board to 
coordinate RADx Tech supply chain activi-
ties. They provided a single RADx Tech point 
of contact with suppliers to support multiple 
products, and a small team to monitor ongo-
ing and potential supply constraints.

3.5  Implementation

A key chicken-and-egg problem for RADx 
has been bringing new companies with new 
products to a new market. In several cases, it 
has been challenging to garner enough atten-
tion to get these small businesses over the 
hump. For example, a new medical product 
might need the same swab as an established 
diagnostic manufacturer. As there has never 
been an oversupply of swabs, the small com-
pany is usually unable to get the swabs they 
need for a comparative clinical evaluation 
prior to entering the market to compete with 
the established company.

On another note, the Centers for Medicare 
& Medicaid Services (CMS) has not been 
deeply involved in RADx activities, since 
Congress mandated that they pay for all diag-
nostic tests. The lack of reimbursement for 
anything other than medical diagnosis has put 
a massive crimp in national surveillance and 
early detection. While CDC and state depart-
ments of health have funded some efforts, 
other organizations (e.g., schools and busi-
nesses) must be subsidized (e.g., the joint DoD 
and HHS Operation Expanded Testing) or 
make difficult business decisions about 
whether to pay for testing as a proactive mea-
sure to detect and avoid COVID-19 transmis-
sion. Moreover, day-care and pre-kindergarten 
settings, falling outside of the usual K-12 
structure, have been a blind spot in testing 
policy and economics.

Another difficulty has been ensuring that 
all test results are reported to a public health 

authority. Since reporting is not required by 
the FDA or CMS and costs time and money, 
there is little incentive for reporting. This is 
particularly critical for cost-sensitive POC 
and OTC tests. But it goes both ways. On sev-
eral occasions, county-scale efforts to distrib-
ute tests with reporting built in were rebuffed 
by the local department of health as they 
lacked data processing capacity. Logistics for 
transporting finished products from the site 
of manufacture to the end-user has been an 
underdeveloped component of the national 
strategy, particularly as logistics may account 
for up to two-thirds of the cost of a test. This 
was compounded for some time starting in the 
fall of 2021 by the severe backlog of ships 
waiting to unload at seaports.

Finally, the national testing strategy has 
primarily been reactive to changing condi-
tions. While vaccines and therapeutics have 
been supported proactively through deploy-
ment and implementation, emphasis and 
resources have been provided to testing only 
as need arises. Further, perceptions regarding 
the need for and value of testing have fluctu-
ated as diagnostics (relative to vaccines and 
therapeutics) grows into its role in that triad. 
Given the months-long ramp-up time to man-
ufacture new tests and get them to market, 
testing capacity has frequently lagged demand. 
This on-demand approach has led to some 
very high-profile and unfortunate situations 
where manufacturers have ceased production 
or eliminated their capacity (Fink 2021). As 
the nation prepares for SARS-CoV-2 to 
become an endemic disease with new waves as 
variants emerge, and as global health atten-
tion shifts to negotiating a preparedness 
instrument for the next pandemic (WHO 
2022), it is incumbent upon us to ensure that 
diagnostics does not become the weak leg of 
the disease response tripod.

3.6  Digital Health Technologies

Digital health platforms should empower 
individuals to manage their healthcare data, 
make better-informed decisions for them-
selves and their families, facilitate communi-
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cation with their healthcare providers, and 
support public health response when needed. 
With home-use diagnostics, data may be gen-
erated and collected in disparate systems. For 
example, an individual may use one device to 
collect heart rate data, a separate device to 
check blood pressure, and a third device to 
monitor blood oxygenation. Platforms that 
aggregate these data are needed and will be 
central to the digital health connectivity of 
the future. Systems such as Apple Health are 
early entrants into this market, and others are 
being developed. These platforms must adhere 
to principles of patient accessibility, patient 
control, and patient empowerment (Layman 
2020). The public would be best served with a 
choice of such platforms that compete for 
market share by providing the best services for 
the best value, yet they must provide data to a 
unified healthcare platform for advanced 
applications to be developed to provide per-
sonal guidance to patients.

To support such data aggregation, devices 
need to collect, store, and transmit diagnostic 
data in standard formats. This will enable the 
data generated by tests and devices of differ-
ent manufacturers to be stored in a variety of 
personal health records. The standards must 
also allow exchange of information between 
an individual and other electronic health 
records, including public health systems. Such 
communications should be bidirectional, 
allowing a diabetic patient, for example, to 
share results of home blood glucose tests with 
their primary care physician, and allowing 
that same patient to obtain electronic copies 
of lab results residing in the physician’s elec-
tronic medical record. Results of home 
COVID-19 tests sent to public health depart-
ments could help inform state and federal 
responses to a public health emergency. 
Health Level Seven International Version 2 
(HL7v2) has been a tried and tested commu-
nications standard for decades, one that con-
tinues to evolve and adapt to meet new 
requirements such as remote diagnostics. The 
Fast Healthcare Interoperability Resource 
(FHIR) is an emerging communications stan-
dard compatible with HL7 that may be well 
suited for the mobile applications associated 

with remote diagnostics but requires wider 
adoption and development to reach its full 
potential.

? Discussion Questions
 1. How can government research and 

development institutions best design 
and implement programs to catalyze 
diagnostic innovation in the face of  an 
infectious disease emergency?

 2. What are some attributes of  the RADx 
Tech program that provide lessons for 
future infectious disease outbreaks? 
What elements of  RADx Tech could be 
improved?

 3. Note some barriers to the development 
and deployment of  POC and OTC tests 
during the COVID-19 pandemic. 
Consider issues in various domains, for 
example, scientific, technological, clini-
cal, regulatory, and commercial. Propose 
an approach to overcoming one or more 
barriers in the future.

 4. How might the proliferation and utili-
zation of  self-tests for at-home SARS- 
CoV- 2 testing affect how we detect and 
diagnose other diseases, both infec-
tious and noncommunicable, moving 
forward?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 How advances in virology have helped 
inform initial medical countermeasure 
(MCM) development

 5 Why nucleic acid and viral vector vaccines 
are advantageous for responding to a pub-
lic health emergency

 5 How preparedness facilitated success in 
COVID-19 emergency vaccine develop-
ment; roles of basic virology, structure solv-
ing, and engineering in vaccine design

 5 Nine essential elements for MCM develop-
ment

 5 Prototype approach to MCM development 
for preparedness against pathogen families 
and future unknown viral challenges

1  Introduction

Novel vaccine platform technologies and 
adjuvants have been explored and advanced 
in the last few decades to both tackle challeng-
ing viral diseases lacking prevention measures, 
such as respiratory syncytial virus (RSV) and 
Ebola (GSK 2020), and to improve on the 
performance of existing vaccines (Varicella 
zoster, i.e., chickenpox/shingles), which were 
developed using more traditional approaches 
(FDA 2017). Basic scientific breakthroughs in 
understanding fundamentals in virology, such 
as viral assembly and viral structure charac-
terization, as well as delivery, such as nanopar-
ticle design, atomic-level engineering, and 
formulation with innovative adjuvants, repre-
sent part of the progress toward improved 
humoral and cellular immune responses to the 
most advanced medical counter measure 
(MCM) candidates (Mascola and Fauci 
2020). Additionally, advances in formulation 
and manufacturing technology have contrib-
uted to shortening the reaction time to an 
emergency outbreak and to developing safe, 
efficacious MCMs for rapid deployment in 
emergency situations, ideally with a one-dose 
schedule, rapid onset of immunity, and easily 
achievable cold chain requirements (Pardi 
et al. 2020). Nucleic acid and viral vector vac-

cines are especially advantageous platform 
choices to respond to an emergency since they 
trigger both antibody-mediated and cell- 
mediated immunity while having potential for 
simplified or standardized manufacturing at 
mass scale (Soleimanpour and Yaghoubi 
2021).

This chapter will review the latest break-
throughs in vaccinology enabling highly effi-
cacious MCMs, the evolution of novel genetic 
platform use during emergency outbreaks, 
and key roadblocks in the race to deploy 
countermeasures for timely impact against 
epidemics. and the groundbreaking designs 
and manufacturing technologies currently 
being implemented to combat SARS-CoV-2.

2  Novel Vaccine and Immune 
System Research Approaches 
Used in Previous Emergency 
Responses

2.1  2002 Severe Acute Respiratory 
Syndrome Coronavirus 
(SARS-CoV) Outbreak

Several SARS-CoV (or SARS-CoV-1) vaccine 
candidates were in development in 2002–2004 
at the time of the first recent coronavirus out-
break. They included protein subunit, virus- 
like particle, DNA, viral vector, 
whole-inactivated, and live-attenuated vaccines 
(Li et al. 2020). A SARS-CoV vaccine (VRC-
SRSDNA015-00-VP) produced with a DNA 
platform is one of the candidates that has been 
developed furthest to date; it was found to be 
safe, well tolerated, and immunogenic in 
healthy adults during early clinical testing 
(Martin et al. 2008). The design and develop-
ment of a coronavirus vaccine using a fast 
genetic platform was the first attempt by scien-
tists at the Vaccine Research Center (VRC), 
National Institute of Allergy and Infectious 
Diseases (NIAID), to respond to an emergency 
using an accelerated timeline. The VRC scien-
tists encoded the gene for the full spike protein 
of SARS-CoV in a DNA platform vaccine 
candidate, which was shown to be immuno-
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genic and efficacious in pre- clinical challenge 
studies in mice (Yang et  al. 2004). Amid the 
international emergency response to SARS, 
the DNA platform offered a more advanced 
and rapid manufacturing option than more 
traditional cell-based manufacturing methods 
tested previously, but it still took approximately 
20 months from the design decision and selec-
tion of the target sequence to the day of prod-
uct administration in the first-in-human clinical 
study (Martin et al. 2008).

Although DNA vaccines have clear manu-
facturing advantages compared to traditional 
vaccine production technologies (Liu 2011), 
efficient delivery of sufficient DNA to the cell 
nucleus requires specialized immunization 
devices (e.g. Biojector 2000® Needle-Free 
Injection Management System™), and may 
necessitate much larger amounts of active 
material than other vaccine technologies. 
Typically doses in milligrams have been used 
in DNA vaccine clinical studies compared to 
dosing in the microgram range for protein- 
subunit and mRNA vaccines. In the end, 
VRC-SRSDNA015-00-VP was found to be 
immunogenic in most trial participants 
(21–49 years old), with varying levels of neu-
tralizing antibodies and duration of immune 
response. The vaccine was not further devel-
oped or ever deployed because public health 
control measures had contained the outbreak 
by the time early clinical studies concluded. 
Nevertheless, the experience of responding to 
an emergent outbreak highlighted the need to 
incentivize preparedness activities, further 
improve manufacturing times, and address 
other gaps in the response plan (Anderson 
et al. 2004).

2.2  2014–2016 West African Ebola 
Outbreak

Ebola outbreaks with mortality rates up to 
90% have been sporadically reported since the 
disease was first identified in 1976 (Lambe 
et al. 2017; WHO Ebola Response Team et al. 
2014). On August 8, 2014, the World Health 
Organization (WHO) declared an Ebola Zaire 

outbreak in West Africa to be a Public Health 
Emergency of International Concern 
(PHEIC) for the first time since the identifica-
tion of the virus (CDC 2021; WHO 2014). 
The outbreak had begun in December 2013 
but was not identified as Ebola—which had 
not previously been seen in West Africa—
until March 2014. The largest Ebola Zaire 
outbreak ever recorded, it launched an 
unprecedented international collaborative 
emergency research response that included 
developing vaccines and other MCMs to pre-
vent disease, mitigate morbidity and mortal-
ity, and control transmission in affected 
countries. Two vaccine candidates were 
advanced to respond to the outbreak at the 
time: (a) a vesicular stomatitis virus-based, 
replication-competent prototype, rVSV- 
ZEBOV, and (b) a chimpanzee adenovirus- 
based nonreplicating vaccine ChAd3-EBO-Z, 
both aiming to deliver the intact Ebola Zaire 
surface glycoprotein (GP) intracellularly, 
using recombinant viral vectors as vehicles 
(De Santis et al. 2016; Henao-Restrepo et al. 
2017; Kennedy et  al. 2017). This strategy, 
reflecting the need for a rapid response, 
selected existing candidates that had accumu-
lated enough preclinical evidence and early 
clinical data to be safely and quickly advanced 
to Phase I–II trials. The platform offered cer-
tain advantages for the containment of Ebola 
virus disease (EVD); for example, using viral 
vector vehicles for vaccines presented the 
opportunity to standardize and accelerate 
manufacturing of a known vector adaptable 
to insertion of genetic material based on other 
pathogens; the potential for one-dose regimen 
vaccines, a key characteristic for quick disease 
prevention through widespread vaccination 
and to minimize logistical challenges; lastly, 
they elicit both humoral and CD8+ T-cell 
immune responses, believed to be correlated 
with EVD protection based on experimental 
infection of vaccinated nonhuman primates 
(Sullivan et  al. 2011). This was evident even 
though no viral vector-based vaccines had 
been licensed for humans at the time, making 
them a new class of product without accumu-
lated real-world data.
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Viral vector vehicles for vaccines pre-
sented the opportunity to standardize 
and  accelerate manufacturing of a known 
vector adaptable to insertion of genetic 
material based on other pathogens.

A Phase II study (PREVAIL 1) was rapidly 
launched to generate initial safety and immu-
nogenicity data in the target population of 
West Africa, which evaluated comparatively 
the two most promising candidates, rVSV-
ZEBOV and ChAd3-EBO-Z (Kennedy et al. 
2017). Both vaccines presented an acceptable 
safety profile and elicited immune responses 
that were largely maintained through 
12 months. This trial highlighted the impor-
tance of gathering safety and immunogenicity 
data on the target population since endpoints 
varied among different African populations, 
effectively enabling the subsequent pivotal 
clinical study.

rVSV-ZEBOV was tested using a novel 
clinical trial design: a ring vaccination, cluster- 
randomized controlled trial conducted in 
Guinea and Sierra Leone, called Ebola Ça 
Suffit!, while the outbreak was still ongoing, 
and it was found to be highly efficacious at pre-
venting disease (Henao-Restrepo et al. 2017). 
However, neither clinical trials, nor advance-
ment to licensure, nor manufacturing was 
rapid enough to play a major role in containing 
the 2014–2016 outbreak. The vaccine was later 
deployed as an emergency countermeasure in a 
large Ebola outbreak in 2018–2020  in the 
Democratic Republic of the Congo (DRC) 
(WHO 2018b), before achieving commercial 
licensure by regulatory authorities in 2019, 
after the 2018 Ebola Zaire outbreak had been 
contained with the help of the vaccine and 
additional MCMs (EMA 2019; FDA 2019). 
As of June 2022, the vaccine (brand name 
Ervebo) was again deployed in the emergency 
response to contain a renewed outbreak in the 
northeastern DRC (IFRC 2021).

The progress of Ebola MCMs availability 
highlights some of the obstacles to timely 
containment of emergent infectious diseases 
with preventive or treatment measures, even 
with an accelerated research program and 

rapid manufacturing methods. Planning for 
preclinical and clinical research as an integral 
part of outbreak response would increase the 
odds that enough data could be gathered for 
licensure before an outbreak ends (NASEM 
2017). In the case of Ebola Zaire, it took the 
re-emergence of the virus in subsequent out-
breaks to advance MCMs to the final stage.

. Figure 1 illustrates two examples of dif-
ferent scenarios and key roadblocks when 
responding to emergency situations. The first 
example (. Fig.  1A, above the arrow) is the 
2018–2020 epidemic of Ebola Zaire, that is, a 
previously known pathogen with MCMs on 
the shelf ready to be deployed. The candidate 
therapeutics still had to navigate several critical 
checkpoints (completing enrollment of timely 
Phase I trials and identification of a licensing 
partner willing to sponsor the product, among 
others) (Gaudinski et al. 2019; Newswire 2018; 
WHO 2018a), sometimes at risk of not being 
further advanced. Four candidates were even-
tually selected for an international collabora-
tive clinical study, the PALM trial (Pamoja 
Tulinde Maisha, “Together Save Lives” in 
Swahili) (Mulangu et al. 2019).

The PALM trial concluded that two of four 
early-stage MCMs (REGN-EB3 and mAb114) 
were efficacious at reducing mortality from 
EVD, in comparison to the ZMapp control 
(Mulangu et al. 2019). Carefully reviewing and 
understanding previous emergency responses 
contributes to improved and thoughtful pre-
paredness activities with higher chances of 
success in the next research response. It is clear 
from the Ebola emergency response that key 
factors such as global emergency response 
needs, capacity, and policy need to be balanced 
with national efforts to boost research and 
manufacturing capacity and promote innova-
tion of vaccine candidates.

The study and approval pathway of mAb- 
114 (now branded Ebanga) contrasts with the 
accelerated timeline of another countermea-
sure designed by VRC scientists, mRNA-1273 
(. Fig.  1B; below the arrow), deployed in 
response to a global pandemic. SARS-CoV-2 
mRNA vaccines’ rapid development, clinical 
trials, and emergency use authorization are 
detailed in other sections of this chapter and 
7 Chap. 15.
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       . Fig. 1 A, B Highlights of  critical events during emergency responses leading to the deployment and approval of 
medical countermeasures (MCMs) designed at the VRC. (Karin Bok)

3  The Importance of Preparedness 
and Innovation in Vaccine 
Design for Novel Pathogens

3.1  The Fundamental Role of Basic 
Virology, Structure Solving, 
and Engineering in Vaccine 
Design

One emergency response approach to novel 
pathogens is the rapid design and deployment 
of vaccine candidates chosen because they 
can be expeditiously produced using long- 
established vaccine technologies and made 
available at mass scale by utilizing established 
vaccine manufacturing capacity (Hotez and 
Bottazzi 2021). Advancing only vaccine plat-
forms chosen in this way is not optimal for the 
design and development of potentially highly 
efficacious vaccines while also minimizing 
anticipated safety risks—especially important 
when moving quickly to population-scale 
deployment. A careful study of virus target 
proteins, informed by virology and immunol-
ogy, along with deliberative, structure-based 
vaccine design approaches that incorporate 
understanding of host immunity, is essential 
to the success of new MCMs (McLellan et al. 
2013; Nabel 2013).

A platform or manufacturing capacity- 
based approach may not yield MCMs with 
optimized efficacy and safety (WHO 2021). 
This has been the case with traditional-design 
SARS-CoV-2 inactivated vaccine candidates, 
which have been shown to have lower efficacy 
and effectiveness than more novel vaccine 
prototypes utilizing modern platforms and 
delivering antigens purposely designed to 
bypass viral mechanisms to evade the host 
immune system and elicit robust immune 
responses (Tregoning et  al. 2021). Basic 
understanding of virus structure and self- 
assembly, the structure and function of the 
intended target proteins, and identification of 
vulnerable epitopes conserved across virus 
genera or families is foundational to prepar-
ing for the emergence of novel or variant 
pathogens (Corbett et al. 2020). This process 
yields high-quality proteins that are the cor-
nerstone of promising vaccine design, effec-
tive treatments, and diagnostic tests and 
immunoassays (Graham 2020).

Confronted with SARS-CoV-2 as it spread 
around the globe, scientists acted on knowl-
edge accumulated about related coronaviruses 
and the progress in protein manipulation 
gained by studying other, more or less dis-
tantly related viruses to design MCMs for 
response (. Fig.  2). Indeed, the resources 
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       . Fig. 2 Critical events in the preparedness stage leading to the success in the response to the COVID-19 emer-
gency. (Karin Bok)

       . Fig. 3 Prototype pathogen approach to preparedness (virus families not prioritized). (Sandra Sitar and Karin 
Bok)

dedicated to another global epidemic, HIV/
AIDS, benefited the whole field of virology 
and ushered in a new era of vaccinology 
(Vasan and Pitisuttithum 2021). The struggle 
to develop an efficacious HIV vaccine resulted 
in ancillary scientific advances central to the 
response to COVID-19. Focusing research 
resources on the detailed investigation and 
engineering of the structure of the HIV-1 
envelope protein, for example, and the charac-
terization of common potent broad neutraliz-
ing epitopes led to the first proof of concept 
for the prevention of HIV infection by a 
broadly neutralizing monoclonal antibody—
decades after HIV was first identified (Corey 
et  al. 2021). The investment and effort dedi-
cated to HIV research also led to advances in 
vaccinology for other class I fusion proteins 
like RSV. The proof of concept of immuniza-

tion with a pre-stabilized fusion protein vali-
dating this strategy was a breakthrough in 
vaccine design (Crank et al. 2019).

. Figure  2 illustrates that success in the 
design of highly efficacious SARS-CoV-2 vac-
cines is due in part to more than a decade 
studying and understanding alternative 
approaches to countering related infectious 
pathogens, and to attempting MCM develop-
ment against a Coronaviridae family proto-
type (SARS-CoV-1 and MERS-CoV). We 
were more prepared for the emergence of a 
new coronavirus than we would have been for 
the emergence of a virus from another viral 
family for which we have not yet accumulated 
enough understanding to rapidly advance to 
clinical testing (. Fig.  3). Thus, our post- 
coronavirus pandemic preparedness strategy 
should focus on coordinating global resources 
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to address the knowledge gaps in virus fami-
lies with the potential to infect humans 
(. Fig. 3) and developing vaccine prototypes 
against known threats. These prototypes 
would then be ready for late-stage clinical test-
ing, and the knowledge of virus structure and 
target proteins would leave us better prepared 
for the emergence of currently unknown 
viruses. U.S. government scientists have pro-
posed a model Prototype Pathogen 
Preparedness Plan (P4) to maximize prepared-
ness by accumulating knowledge on less stud-
ied pathogen families and eventually 
transitioning strategies developed through tar-
geting known virus families to unknown chal-
lenges; this concept has been incorporated into 
current U.S. government preparedness plan-
ning (Cassetti et  al. 2022; Graham and 
Sullivan 2018; NIAID 2021; White House 
2021).

3.2  Preparedness Strategies 
and the Prototype Pathogen 
Approach

The initial emergence or re-emergence of viral 
infectious diseases and their global reach 
depends on the biology of the virus (respira-

tory diseases are much more likely to spread 
rapidly and more difficult to contain), avail-
ability of animal or human reservoir, possibil-
ity of zoonotic or vector-borne transmission, 
and serostatus of the affected populations, 
among other factors. Ideally, scientists can 
rely on basic virology and immunology, estab-
lished and well-tested vaccinology approaches, 
and early-stage clinical development of medi-
cal countermeasures to aid in accelerating the 
response to emerging pathogens (Bok et  al. 
2021). Translational science (turning observa-
tions in the laboratory, clinic, and community 
into interventions that improve health) starts 
with successively improving versions of a vac-
cine prototype being tested for safety, immu-
nogenicity, and efficacy in animal model 
challenge experiments, with either the target 
virus or an adapted version (Pallesen et  al. 
2017). An iterative process of improving vac-
cine prototypes begins with design proposals 
and advances through pre-clinical testing, 
process development, pilot manufacturing, 
and regulatory strategy, building toward the 
stages of clinical testing, emergency authori-
zation or licensing, and deployment in an 
expedited response (. Fig.  4). This kind of 
process is also essential for generating 
reagents, optimizing immune assays, and 

       . Fig. 4 Prototype pathogen approach to MCM development for preparedness. (Kaitlyn Morabito and Karin 
Bok)
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       . Fig. 5 Target product profile of  ideal emergency response vaccine. (Adapted with permission from Kevin Carl-
ton)

establishing animal models and other 
pathogen- specific tools needed for the devel-
opment of candidate MCMs (Corbett et  al. 
2020; Monrad et al. 2021).

In the launch of a new MCM development 
program, the ideal candidates incorporate 
critical, innovative safety and immunogenicity 
features into their designs, with attributes 
clearly delineated on a thoughtful target prod-
uct profile (. Fig. 5). In addition, the devel-
opment strategy must consider how to adapt 
new technology to manufacturing, formula-
tion, and delivery, and eventually scaling up 
to commercial manufacturing and mass deliv-
ery and administration. The prototype coun-
termeasure would preferably be advanced to 
at least early clinical testing for safety and 
indications of immunogenicity; pilot-scale, 
clinical-grade material would be stored on the 
shelf  ready to be further advanced (CEPI 
2021).

This is the optimal preparedness scenario 
for the emergence of a virus previously identi-
fied as having pandemic potential, such as 
Ebola, Nipah, or enterovirus D68 viruses. On 
the other hand, when preparing to respond to 
unknown pathogens with pandemic potential, 
such as novel viruses transmitted through 
zoonotic events or arthropod vectors, or when 
responding to viruses with little accumulated 
scientific knowledge, our best approach is to 

rely on a prototype pathogen preparedness 
method (Graham and Sullivan 2018). Just as 
the design of MCMs against SARS-CoV-2 
was based on previous information obtained 
by studying other members of the family 
Coronaviridae, such as SARS-CoV and 
MERS-CoV, the knowledge accumulated 
while developing a prototype against another 
virus family could be transitioned into the 
development of MCMs against related viruses 
in the same family or group (Corbett et  al. 
2020).

There are about 30 virus families known to 
infect humans, and they could be classified 
into preparedness levels (. Fig. 3) based on 
key criteria, such as availability of any MCM 
or early-stage prototype, transmission route, 
and zoonotic reservoirs, among others. 
. Figure 3 is not meant to classify virus fami-
lies by priority for MCM development, but 
rather to summarize the state of knowledge 
for each family and provide an overall under-
standing of which families are the least stud-
ied to date in terms of vaccine development. 
The P4 plan main objective is to select at least 
30 viruses, classified in order of urgency and 
priority, including at least one from each fam-
ily, and develop new or technologically more 
advanced (for families with existing counter-
measures which require updating) prevention, 
treatment, and diagnostic tools. These would 
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then be ready to enter clinical trials or deploy 
in an emergency, or be quickly adapted to 
design, develop, and deploy countermeasures 
against related emerging pathogens. This is a 
commonsense approach that attempts to best 
utilize restricted resources (funding and scien-
tific discovery/development capacity) to be 
maximally prepared for eventual outbreaks or 
pandemics caused by known or as yet 
unknown threats (Pathogen X).

? Discussion Questions
 1. List the breakthroughs in virology that 

have helped improve the immune 
response to advanced MCM candi-
dates.

 2. Discuss the reasons why nucleic acid and 
viral vector vaccines are especially 
advantageous for responding to an 
emergency viral epidemic.

 3. Broadly, compare and discuss two exam-
ples of  different scenarios and key road-
blocks when responding to emergency 
situations. (Hint: refer to . Fig. 1.)

 4. Discuss the critical events in the pre-
paredness stage leading to the success in 
the response to the COVID-19 emer-
gency, emphasizing the role of  basic 
virology, structure solving, and engi-
neering in vaccine design.

 5. List nine essential elements for MCM 
development.

 6. After the design of  highly efficacious 
SARS-CoV-2 vaccines, we were more 
prepared for the emergence of  a new 
coronavirus than for the emergence of 
a virus from another viral family for 
which we have not yet accumulated 
enough understanding to rapidly 
advance to clinical testing. Describe a 
prototype approach to MCM develop-
ment for preparedness against less 
studied pathogen families and future 
unknown viral challenges.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The development of viral vectors as candi-
dates for antigen delivery

 5 How vaccine delivery using an mRNA 
technology platform was advanced to over-
come key roadblocks related to its stability, 
translation efficiency, activation of the 
innate immune response, and delivery of 
the intact mRNA molecule

 5 Novel vaccine designs and manufacturing 
platforms advanced during the COVID-19 
pandemic

 5 The advantages of the mRNA platform
 5 The circumstances in which the mRNA 

platform may not be the ideal choice and 
mRNA research questions that are still 
being investigated

1  Overview of Genetic Platforms

Novel manufacturing platforms for vaccine 
design have emerged in the past few decades 
to meet the challenge posed by infectious 
diseases that have been difficult to prevent or 
foresee, and to aid in the rapid response to 
emerging pathogens. Gene-based platforms 
(mRNA, DNA, or vector based) are excel-
lent tools for delivery of  a well-designed vac-
cine antigen, which will induce potent 
humoral and cellular immune responses 
while avoiding vaccine-associated safety 
concerns observed with some pathogens 
such as dengue or respiratory syncytial virus 
(RSV) (Graham 2020). mRNA-based vac-
cines can induce both humoral and cellular 
immunity but may avoid some of  the limita-
tions of  vector-based platforms, such as 
anti-vector immunity, or potential risks 
associated with DNA vaccines like integra-
tion into the host cell genome. The manufac-
ture of  vector-based vaccines is also easily 
standardized and scaled up, and this plat-
form is amenable to one-dose vaccine sched-
ules.

1.1  Viral Vectors

Research using recombinant vaccinia viruses 
as vaccine delivery vehicles for inserted genetic 
sequences from target viruses (e.g., hepatitis 
B) ushered in a new era of vaccinology in the 
mid-1980s (Moss et al. 1984). Many viral vec-
tors have been explored as candidates for gene 
therapy, cancer treatment, and vaccines 
(Ramezanpour et al. 2016). Viral vectors were 
the first vaccine platform technology pursued 
by scientists and manufacturers, mainly to 
overcome the challenges of growing wild-type 
or attenuated viruses to produce inactivated 
or live-attenuated vaccines, respectively 
(Ulmer et al. 2006), and to take advantage of 
stimulating CD8+ T-cell and antibody 
responses, which might result in efficacious 
vaccines against challenging diseases lacking 
prevention measures.

The only viral-vector-based vaccine 
approved by the U.S. Food and Drug 
Administration (FDA) is a recombinant live- 
attenuated replication competent vesicular 
stomatitis virus (VSV)-based Ebola vaccine, 
Ervebo (FDA 2019). VSV is an enveloped 
bullet-shaped virus from the rhabdovirus fam-
ily with an 11-kb negative-sense RNA genome 
(Fields et  al. 2007). VSV-based vaccines 
induce robust cellular and humoral immunity 
against the antigen of interest and grow to 
high titers in cell lines validated for manufac-
turing (e.g., Vero cells). Because of its RNA 
genome, it also lacks a DNA intermediate 
during viral replication, which might improve 
its overall safety profile (Humphreys and 
Sebastian 2018). Replicating viral vector vac-
cines also have the ability to reach beyond the 
site of inoculation to other organs or tissues, 
where resident immunity might improve pro-
tection against disease. However, precisely 
because VSV-based vaccines replicate in this 
way, certain localized rare adverse events have 
been described, which are not found in plat-
forms using replication-deficient virus vectors 
(Agnandji et al. 2016).

Adenovirus vectors are a replication- 
deficient platform and one of the most stud-
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       . Fig. 1 Genetic platform vaccines supported by USG in response to the SARS-CoV-2 pandemic (Karin Bok)

ied clinically (Ramezanpour et al. 2016), with 
many different serotypes having been explored 
as candidate platforms for vaccines against 
infectious diseases. Adenoviruses are nonen-
veloped icosahedral viruses with 30–40 kb lin-
ear DNA genomes. The antigen of interest is 
most often inserted to replace the adenovirus 
envelope (E1) gene, rendering the virus repli-
cation deficient. Adenovirus vectors can 
accommodate genetic inserts of up to 7  kb 
(Fields et al. 2007). The advance of adenovi-
ruses as vaccine vectors has relied on two 
major improvements: circumventing human 
seroprevalence against certain adenovirus 
types (Mennechet et al. 2019) and enhancing 
vaccine-specific immunogenicity (Morris 
et al. 2016). Relying on less prevalent human 
adenovirus genotypes or using adenoviruses 
of nonhuman origin (chimpanzee and gorilla) 
has helped overcome preexisting immunity 
against the adenovirus vector in humans, in 
which those seropositive for the adenovirus 
vector being used have lower neutralizing 
antibody titers and a reduction in antigen- 
specific immunogenicity in clinical trials (Pine 
et  al. 2011). Moreover, different adenovirus 
serotypes, regardless of seroprevalence levels, 
were shown to induce varying immunogenic-
ity profiles, including differences in resulting 
antibody titer, phenotype, function, and dura-
tion of cellular immune response (Tan et al. 
2013). Interestingly, research has shown that a 
robust and durable CD8+ T-cell immune 
response after adenovirus-based vaccination 
is directly correlated with higher levels of anti-
gen expression detected over longer periods 
of time. Such studies provide useful criteria 

for selecting available human and simian ade-
novirus serotypes for vaccine applications, 
based not only on seroprevalence data and the 
efficiency of growing the vector to high 
in vitro titers, but also on the potency of the 
virus vector and its ability to induce appropri-
ate levels of immunity (Quinn et  al. 2015). 
Although adenovirus type 5 had been initially 
proposed as a potent vaccine vehicle, and 
therefore advanced to large clinical trials, it 
has since been replaced by serotypes with less 
seroprevalence in the human population 
(Mennechet et  al. 2019). Some studies have 
described adenovirus type 3 of chimpanzee 
origin (ChAd3) as a comparable potent ade-
novirus vector for vaccine delivery (Quinn 
et  al. 2015; Stanley et  al. 2014). Given the 
extensive history of testing adenoviruses as 
vehicles for vaccine delivery and the possibil-
ity of utilizing one-dose schedules, which are 
extremely advantageous for immunizing an 
entire population in record time, it was not 
surprising that the U.S. government response 
to the pandemic included two candidates that 
utilized adenovirus vectors in their design 
(. Fig. 1).

1.2  mRNA and DNA

Although both DNA and RNA proof-of- 
concept transfection (inserting RNA or DNA 
into cells) and translation experiments were 
published concomitantly, initially DNA 
immunization was advanced more rapidly, 
given the concerns about whether mRNA 
molecules had the stability needed to deliver 
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       . Fig. 2 Two types of  mRNA constructs, nonreplicating mRNA (NRM) and self-amplifying mRNA (SAM) 
(Jackson et al. 2020)

immunogens (Tombácz et  al. 2021; Wolff  
et al. 1990).

The possibility of simplified, synthetic 
manufacturing combined with the stimulation 
of cytotoxic T-lymphocytes was the rationale 
for advancing the DNA platform, promising 
accelerated timelines for responding to emer-
gencies with more sophisticated immunogens. 
The most appealing characteristics of this 
new class of vaccines were their ability to 
induce humoral, CD4+, and CD8+ T cells, as 
well as innate immune responses, while avoid-
ing drawbacks from other classes of platform 
vaccines, such as immunity to the delivery vec-
tor or some of the safety concerns that have 
been described for vector vaccines (Iavarone 
et al. 2017). The DNA platform has been pro-
posed as a vaccine candidate against numer-
ous infectious disease targets, some have 
advanced to late clinical testing, and several 
have been licensed for veterinary use (Kutzler 
and Weiner 2008). However, the DNA plat-
form has not yet been licensed for use in 
humans by U.S. or European regulatory 
authorities and is not currently being deployed 
to combat the SARS-CoV-2 pandemic glob-
ally (WHO 2021b).

By contrast, two types of mRNA 
 technologies are being studied and advanced 
to prevent infectious diseases: (a) nonreplicat-
ing and (b) self-amplifying mRNA platforms 

(. Fig.  2) (Jackson et  al. 2020; Liu 2019). 
mRNA constitutes the smallest vector able to 
deliver the gene of interest destined to be 
translated in the cytosol and presented to the 
immune response by antigen presenting cells. 
The design of the mRNA molecule typically 
includes untranslated 5′ and 3′ regions 
(UTRs), an open-reading frame encoding the 
vaccine target to be translated, a 5′ cap and a 
poly(A) tail. Self-amplifying versions of 
mRNA also incorporate an RNA-dependent 
polymerase that enables intracellular RNA 
replication and increased expression of the 
protein of interest (Pardi et al. 2018).

Over the three decades following the first 
successful attempt at a transfection experi-
ment, vaccine delivery using mRNA technol-
ogy was advanced to overcome key roadblocks 
related to its stability, translation efficiency, 
activation of the innate immune response, and 
delivery of the intact mRNA molecule. 
Several modifications were found to be advan-
tageous and to promote increasing levels of 
protein production. The addition of synthetic 
caps, poly(A) tails, and 5′ and 3′ UTRs stabi-
lize the mRNA molecule, while nucleoside 
modifications alter the inflammatory profile 
of synthetic mRNA (Kariko et al. 2005). The 
degree to which vaccines delivered via mRNA 
stimulate the innate immune response must be 
carefully considered: mRNA vaccines can be 
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       . Fig. 3 mRNA vaccines in advanced clinical stage or approved for infectious diseases (author)

self-adjuvanted, in effect, by enabling the 
engagement of pattern recognition receptors 
or inducing a robust type I interferon response 
and promoting the expansion of CD8+ T cells 
(Pardi et  al. 2020). However, they are also 
capable of triggering innate antiviral responses 
and pro-inflammatory signals that may lead 
to excess degradation of the RNA molecule 
or increased local or systemic reactogenicity. 
Modifying the signature nucleotide of the 
RNA molecule by replacing the original uri-
dine with a functional but less reactive pseu-
douridine moderates the innate immune 
response to the mRNA delivery and optimizes 
the translation levels of the target protein 
(Maruggi et  al. 2019). Codon usage also 
affects the efficiency of translation. Common 
modifications include replacing rare codons 
from the virus with more abundant synony-
mous ones and enriching the guanine–cyto-
sine content of the sequence. This modification 
will enhance translation but might result in 
drawbacks, such as the formation of undesir-
able tertiary structures that should be evalu-
ated in the design phase of the final vaccine 
sequence. The final mRNA molecule should 
also be carefully purified to eliminate undesir-
able side products of the in vitro transcription 
reaction, especially double-stranded RNA, 
which has a powerful pathogen-associated 
molecular pattern and will evoke a robust 
antiviral response, upregulating molecules 
that will interfere with adequate translation 
and promoting the degradation of mRNA 
(Rosa et al. 2021).

One major obstacle to advancing mRNA 
technology into the pharmaceutical space has 
been the unavailability of efficient delivery 
methods. RNA is a large, highly negatively 
charged molecule with little chance of pene-
trating a cell membrane with negative poten-
tial by itself  (Kowalzik et  al. 2021). Several 
methods have been proposed to overcome this 
obstacle (many derived from the well-studied 
small interfering RNA technology field), and 
lipid nanoparticles (LNPs) have become the 
most commonly used method to deliver 
mRNA into the cytoplasm (Hou et al. 2021; 
Kowalski et al. 2019).

Once the technology had been optimized, 
mRNA vaccine candidates showed that they 
could elicit robust humoral and cellular 
immune responses with low doses and sched-
ules comparable to traditional protein-based 
vaccines (Corbett et  al. 2020b; Vogel et  al. 
2021). Several mRNA vaccines against infec-
tious diseases are in advanced clinical testing 
or have been approved for combating the 
SARS-CoV-2 pandemic (. Figs.  1 and 3). 
Commercial manufacturers have demon-
strated that the cell-free in vitro transcription 
process is efficient, fast, and easily scalable, 
making mRNA vaccine platforms extremely 
suitable and adaptable to respond to emergen-
cies (Pfizer 2020).

Formulation of the final mRNA candi-
dates is an area of continuing progress. Buffers 
and other additives have been tested in order 
to improve the stability and storage condi-
tions of the final product, which has required 
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shipment and storage at −70° C, complicating 
distribution, especially in remote areas with-
out access to the necessary equipment (FDA 
2021). Currently mRNA vaccines are stored 
at regular freezing temperatures, or even 4 °C 
for short-term storage, and some candidate 
vaccines are already being tested with lyophi-
lized formulations, which can easily be trans-
ported and stored for increasing periods of 
time (Moderna 2021).

2  Novel Vaccine Designs 
and Manufacturing Platforms 
Advanced During the COVID-19 
Pandemic

The vaccine candidates utilizing rapid and 
adaptable platforms and supported by the 
U.S. government to prevent COVID-19 are 
summarized in . Fig.  1. While adjuvanted, 
protein- based vaccines have been licensed and 
approved for use against other viral patho-
gens, and SARS-CoV-2 vaccines using this 
technology are likely to complete the develop-
ment phase, the U.S. government also sup-
ported two novel genetic programmable 
platforms that could potentially be manufac-
tured in large quantities in a much shorter 
period, accelerating not only the potential 
start of large clinical trials, but also allowing 
manufacturing scale-up to meet the demands 
of the U.S. and global populations relatively 
rapidly (Bok et al. 2021).

Adenovirus-based vaccines had undergone 
extensive clinical trials (Humphreys and 
Sebastian 2018) and had been shown to be effi-
cacious in preventing infectious disease in 
humans (Henao-Restrepo et  al. 2017). Two 
adenovirus vector-based vaccines were 
approved by trusted international regulatory 
authorities (EMA 2020; FDA 2019). Two ade-
novirus vector vaccines against SARS-CoV-2 
were widely authorized for emergency use in 
humans after phase III clinical trials: a human 
adenovirus-26 containing an innovative pre- 
stabilized coronavirus spike design (Ad26, 
Janssen-Johnson & Johnson) and a chimpan-
zee adenovirus never approved as a vaccine 
platform before (ChAdOx1, modified from Pan 

troglodytes Y25, Oxford in collaboration with 
Astra Zeneca) (COVID-19 vaccine tracker 
2022; Mercado et  al. 2020; van Doremalen 
et al. 2020). Several modified coronavirus spike 
inserts included in the Ad26 candidate were 
extensively studied in preclinical evaluations 
before selecting the final prototype encoding a 
prefusion stabilized spike immunogen, which 
induced robust immune responses and pro-
vided near-complete protection against SARS-
CoV-2 challenge in rhesus macaques with only 
one dose (Mercado et  al. 2020). The spike 
sequence cloned into the ChAdOx1 candidate 
consisted of the full- length, trans-membrane 
anchored, wild-type sequence, that is, it was not 
modified to “lock” the spike protein in its pre-
fusion conformation as with the mRNA vac-
cines or J&J candidate (Watanabe et al. 2021); 
it was also shown to be immunogenic and pro-
tective against SARS-CoV-2 challenge in a 
macaque model (van Doremalen et al. 2020).

The most novel platform advanced as an 
accelerated response to the SARS-CoV-2 pan-
demic was mRNA.  This technology was in 
earlier stages of development than the 
adenovirus- based candidates. However, 
mRNA also had extensive clinical experience, 
and the technology had progressed to provide 
the potential for full scale-up to hundreds of 
millions of doses; meanwhile, several infec-
tious disease vaccine candidates were already 
being tested preclinically or in early clinical 
stages (Zhang et al. 2019). Two mRNA vac-
cines with very similar designs were selected 
to prevent COVID-19. The final design of 
mRNA-1273 (Moderna) was finalized only a 
few days after the first SARS-CoV-2 sequence 
was publicly available (Corbett et al. 2020a). 
Its design relied on more than a decade’s 
worth of research evaluating structure-guided 
vaccine design, in addition to comparable 
MERS-CoV vaccine prototypes that had been 
found immunogenic in mice (Pallesen et  al. 
2017).

Initially, two mRNA vaccine prototypes 
were sponsored by the BioNTech/Pfizer col-
laborative effort, BNT162b2 and BNT162b; 
they were tested in phase I clinical trials to 
determine the final candidate to advance to 
late-stage clinical testing (Mulligan et al. 2020; 
Walsh et al. 2020a, b).
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The final designs of both mRNA and J&J 
vaccine candidates sponsored by Moderna, 
Pfizer, and Johnson & Johnson included key 
modifications to the SARS-CoV-2 full-length 
spike sequence that enabled exposure of neu-
tralizing epitopes while accounting for the 
possibility of Vaccine Associated Enhanced 
Respiratory Disease (VAERD), as reviewed 
by Graham (2020) and Munoz et al. (2021). 
The targeted design and platform selected for 
these candidates were vital. Early during the 
pandemic, in the absence of clinical and 
immunological data for the prevention of 
COVID-19 utilizing vaccines, these vaccine 
candidates aimed to induce higher rates of 
neutralizing antibodies than vaccine designs 
utilizing the unmodified spike sequence while 
stimulating a CD4+ T-helper 1-biased 
immune response, which had been identified 
as the preferred strategy to avoid potential 
and unknown negative vaccine-related safety 
outcomes (Acosta et al. 2015). Both mRNA 
vaccine candidates selected by the U.S. gov-
ernment (Pfizer’s clinical study was not sup-
ported by the U.S. government) were advanced 
to late clinical stage testing in record time, 
only 6 months after the emergence of SARS-
CoV-2. Moreover, they showed the highest 
efficacy values in phase III trials of any 
COVID-19 vaccine studied worldwide 
(. Fig. 2 7 Chap. 14 represents the mRNA-
1273 timeline) (Higdon et al. 2021). While the 
efficacy values and trial results of U.S. gov-
ernment-supported vaccines have been 
reviewed elsewhere (Bok et  al. 2021), both 
mRNA candidates were shown to prevent 
COVID-19 infection with about 95% efficacy, 
and both clinical trial and real-world effec-
tiveness data suggested that these vaccines are 
also efficacious at preventing asymptomatic 
infections or that breakthrough cases pre-
sented with lower virus quantities (measured 
by CT values)1 in vaccinated individuals com-
pared to unvaccinated individuals (Fowlkes 

1 Cycle threshold value: the total number of  cycles 
required for a polymerase chain reaction (PCR) test 
to exceed the threshold for a result positive result. 
Baselines CT values are specific to each test plat-
form, and generally range from about 15 to 45 cycles.

et al. 2021; Tregoning et al. 2021). This was an 
outstanding accomplishment by an acceler-
ated response to a pandemic, in part due to a 
combination of pivotal technological 
advances with years of accumulated knowl-
edge on coronavirus and related viruses.

Efficacy trials were designed to be inde-
pendent but harmonized phase III vaccine tri-
als with closely aligned primary endpoints 
(e.g., prevention of symptomatic COVID-19). 
In addition, NIH established a common inde-
pendent data safety and monitoring board 
(DSMB) staffed with expert clinicians and 
statisticians from government and academia 
to oversee the trials (Corey et  al. 2020). 
Operation Warp Speed, the accelerated U.S. 
vaccine development program, also began a 
process to establish a core set of validated 
assays to measure vaccine-induced antibody 
responses as well as a biostatistical group to 
evaluate the data (Koup et  al. 2021). Thus, 
each trial would have a common set of 
immune measurements from which to assess 
potential immune correlates of protection 
and facilitate cross- protocol comparisons.

While efficacy studies found that the vac-
cines were safe and effective in trial volun-
teers, continuing monitoring and surveillance 
is essential to confirm effectiveness and assure 
safety with real-world evidence (IVAC 2021). 
Vaccine safety is monitored throughout the 
development, deployment, and commercial-
ization of authorized or licensed vaccines 
(Plotkin et al. 2020). When a vaccine or drug 
is administered to a global population, power-
ful passive and active safety surveillance sys-
tems are essential for early detection of rare 
adverse events signals, which are expected 
with the use of any medication. Several 
adverse event signals have been confirmed in 
association with COVID-19 vaccination, 
though these are very rare cases that are 
always outweighed by the benefits of receiving 
a vaccine. Rare cases of anaphylaxis have been 
associated with genetic platforms (Janssen, 
Pfizer, and Moderna). Adenovirus-based vac-
cines have been associated with Guillain–
Barré syndrome and thrombosis with 
thrombocytopenia syndrome. Both mRNA 
vaccines have been linked to rare cases of 
myocarditis, especially in young male 
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 vaccinees (CDC 2021b). The safety surveil-
lance systems in place in the United States 
and many other countries, in combination 
with sponsors’ pharmacovigilance plans, con-
tinue to provide robust data for regulators and 
policy advisors to make recommendations 
about the use of vaccines based on scientific 
evidence, always prioritizing public health 
and individual safety.

At the time of drafting of this chapter, sci-
entists are actively reviewing data and evaluat-
ing the durability of the immune response for 
authorized or licensed vaccines. Several 
sources of data indicate that immunity from 
mRNA vaccines wanes between 6 and 
8 months after vaccination, and that antibody 
levels can be boosted to higher levels than 
peak geometric mean titer (GMT) levels ini-
tially observed after the second dose by add-
ing a third dose to the schedule of any mRNA 
vaccine (El Sahly et  al. 2021; Pfizer 2021; 
Thomas et  al. 2021). The combination of 
waning immunity and emergence of evolu-
tionarily distinct SARS-CoV-2 variants has 
fueled a new wave of COVID-19 cases all over 
the world, even in highly vaccinated countries 
such as Israel (Bar-On et  al. 2021). 
Effectiveness of the coronavirus vaccines 
against symptomatic disease has decreased 
over time, and in some cases their effective-
ness against hospitalizations and severe dis-
ease has also waned (El Sahly et al. 2021). The 
CDC has already recommended that third 
doses of Pfizer, Moderna, and Janssen vac-
cines be administered to people over 65 years 
of age and others at increased risk (CDC 
2021a). Ongoing testing and surveillance 
efforts will determine if  these vaccines need to 
be updated to match circulating variants or if  
additional doses will be required in the future 
to sustain the prevention of disease.

3  The Future of the mRNA Vaccine 
Platform for Preparedness

The first successful mRNA vaccines ever 
deployed to prevent disease in a human popu-
lation became a reality 30 years after the first 
report of the proof of concept that in  vitro 
transcribed mRNA led to readily detectable 

expression of an introduced protein in an ani-
mal model (Wolff  et al. 1990). The technology 
to deliver an mRNA-based vaccine advanced 
slowly after that initial demonstration, given 
concerns about the instability of the mRNA 
molecule, the reactogenicity elicited by stimu-
lating the innate immune response, and lack 
of a straightforward and efficient method for 
delivering translatable mRNA into the cell. 
Fast forward several decades and the mRNA 
platform has clear advantages over traditional 
manufacturing methods and even over other 
genetic platforms (DNA and virus vector):
 1. mRNA has one of the most favorable 

safety profiles among genetic platforms 
since it naturally degrades and cannot 
integrate itself  into the cellular genome. 
Also, additional safety modifications can 
be integrated during design.

 2. Efficacy can also be modulated and 
enhanced by optimizing translation effi-
ciency.

 3. It can be administered repeatedly since 
mRNA constitutes the smallest genetic 
vector, precluding immune reaction to the 
platform (as can occur with viral vector 
vaccines).

 4. Cell-free manufacture of mRNA not only 
allows for accelerated production, but is 
highly scalable, standardizable, and 
requires reduced manufacturing foot-
prints. This enables individual facilities to 
manufacture multiple products with mini-
mal adaptations in their equipment, pro-
cesses, and formulation (Jackson et  al. 
2020; Pardi et al. 2018).

The advantages of this platform, when com-
bined with thoughtful target engineering, 
careful design, and understanding of the host 
immune system, make it an attractive alterna-
tive not only for pandemic preparedness and 
emergency response applications, but very 
likely for a new generation of vaccines 
addressing unmet medical needs and improv-
ing on existing vaccines (. Fig. 3).

mRNA might also play a role in updating 
current vaccines, leveraging not only scientific 
but also logistical advantages. In September 
2021, Sanofi announced plans for their phase 
I/II trial on a monovalent mRNA influenza 
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vaccine, with plans to test a quadrivalent ver-
sion in the near future. A new mRNA-based 
influenza vaccine candidate might not only 
prove to be more effective but might also 
allow for later decision-making on annual 
influenza strain selections, decreasing the 
chances of deploying vaccines that will not 
match strains circulating that season (Sanofi 
2021; WHO 2021c).

However, the mRNA platform may not be 
the ideal choice to target certain viruses that 
benefit from other approaches, such as live- 
attenuated vaccine candidates delivered 
through the natural route of infection, or for 
pathogens that are dependent on proteases for 
post-translation protein processing, as with 
the family Picornaviridae (Baggen et al. 2018; 
Kulkarni et al. 2017). In this case, the mRNA 
would need to deliver the coding sequence for 
a virus protease in addition to the target anti-
gen, which might raise safety concerns. We 
should also keep in mind that traditional 
manufacturing technologies will still play the 
primary role in global vaccine manufacturing 
as the most prolific global vaccine providers 
continue to utilize existing resources, that is, 
established Good Manufacturing Practice 
facilities to provide the world with life-saving 
immunizations as part of longstanding inter-
national vaccination plans (EC 2011; Serum 
Institute of India 2021).

As with any groundbreaking new technol-
ogy, important research questions are still 
being investigated. Future studies will further 
knowledge of both pathogen-specific mRNA 
vaccines and the platform in general. 
Alternative routes of delivery are still being 
tested, which might provide resident tissue 
immunity and improve effectiveness and per-
formance of certain vaccines. New routes of 
vaccine delivery include nasal, intradermal, 
and intravenous, among others (Broos et  al. 
2016; Gan et al. 2019; Phua et al. 2014).

The importance of and interplay between 
antibody and cellular immunity in the preven-
tion of disease or transmission is also still a 
fruitful research area. Correlates of protec-
tion studies indicate that humoral immunity 
plays an important role in preventing symp-
tomatic disease, but also clearly indicate that 
cellular immunity needs to be better under-

stood (Corbett et  al. 2021; Feng et al. 2021; 
Koup et al. 2021). Moreover, the mechanism 
of action by which mRNA vaccines cause cer-
tain adverse events also needs further investi-
gation (Rosenblum et  al. 2021). Detailed 
understanding of the immunization process 
might allow for further modification of both 
the vaccine itself  and optimization of the 
immunization schedule to avoid undesirable 
rare consequences and improve efficacy and/
or durability of protection.

Finally, international health and infectious 
disease-focused organizations have now pro-
posed aggressive “Apollo Mission” or “100 
Day Mission” preparedness plans to improve 
on the lessons learned from the coronavirus 
pandemic and compress the timelines to 
achieve global access to lifesaving vaccines. 
There is no doubt mRNA vaccines will be 
fundamental to achieving these ambitious 
goals (Pandemic Preparedness Partnership 
2021; White House 2021). But if  mRNA is to 
be an important tool for future pandemic pre-
paredness, global access and especially avail-
ability of mRNA manufacturing in low- and 
middle-income countries will be an essential 
capability to develop and support over time 
(WHO 2021a, 2022). Expanding worldwide 
mRNA manufacturing and fill and finish 
capacity, together with establishing a solid 
global supply chain, are essential if  we want 
to control epidemics and pandemics in a 
timely manner and promote equal access to 
health interventions.

? Discussion Questions
 1. Discuss the development of  viral vectors 

as candidates for gene therapy.
 2. Discuss how vaccine delivery using 

mRNA technology was advanced to 
overcome key roadblocks related to its 
stability, translation efficiency, activa-
tion of  the innate immune response, and 
delivery of  the intact mRNA molecule.

 3. Discuss novel, groundbreaking vaccine 
designs and manufacturing platforms 
advanced during the COVID-19 pan-
demic.

 4. The mRNA platform has four clear 
advantages (conducive to emergency 
response applications, improvement of 
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existing vaccines, and development of 
new ones) over traditional manufactur-
ing methods and even over other genetic 
platforms (DNA and virus vector). 
Discuss these advantages.

 5. The mRNA platform may not be the 
ideal choice in all circumstances. 
Discuss these circumstances and 
mRNA research questions that are still 
being investigated.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The genesis and goals of the 100 Days Mis-
sion.

 5 Timelines for vaccine development against 
a novel pathogen.

 5 Why research is needed in an infectious dis-
ease emergency.

 5 Major systems and operational innovations 
that might speed vaccine development.

 5 Some measures to accelerate vaccine devel-
opment without relaxing safety and efficacy 
standards.

 5 The means of ensuring faster, more equita-
ble distribution of rapidly developed and 
authorized/approved vaccines in an emer-
gency, compared to the COVID-19 pan-
demic.

1  Introduction

CEPI was created in the aftermath of the 
2014–2016 Ebola epidemic in West Africa, 
when a vaccine that had undergone early devel-
opment but been neglected was advanced fur-
ther, assessed in clinical trials, and found to be 
safe and effective. CEPI’s founders decided that 
the world would be better protected against 
potentially dangerous but rare pathogens if  
vaccines against them could be developed in 
advance of potential outbreaks through Phase 
II clinical trials and evaluated through further 
clinical trials in the event of an outbreak.

As a coalition of public, private, philan-
thropic, and civil society organizations, CEPI 
aims to accelerate the development of vac-
cines against emerging epidemic threats and 
enable access to these vaccines for people who 
need them during outbreaks. Initially focusing 
on five priority pathogens from the World 
Health Organization (WHO) Research and 
Development (R&D) Blueprint (WHO 
2023c),1 CEPI worked toward developing vac-
cines projected to provide health, social, and 

1 Middle East respiratory syndrome coronavirus, 
Nipah virus, chikungunya virus, Lassa virus, and 
Rift Valley fever virus.

economic benefits for vulnerable popula-
tions—especially where market potential was 
too limited to provide a strong commercial 
incentive for their development and clinical 
assessment (CEPI 2021a). Part of CEPI’s mis-
sion to develop vaccines to prevent future epi-
demics in the absence of market incentives 
therefore involves building the capacity to 
advance vaccine development during emerg-
ing outbreaks. That, in turn, requires support 
for high-quality infectious disease research for 
preparedness—research capacity that can 
pivot to emergency response when and where 
it is needed (7 Chaps. 27 and 28) (Hatchett 
and Lurie 2019; World Bank 2018).

1.1  The Importance of Research 
During an Outbreak Response

CEPI was barely 3 years old when the WHO 
declared coronavirus disease 2019 
(COVID- 19) a global pandemic in March 
2020. Conceptualizing research as a key com-
ponent of response—not merely research for 
preparedness or “peacetime” vaccine develop-
ment—had been a key tenet of CEPI’s activi-
ties since its inception and continued to guide 
CEPI’s work as soon as the severe acute respi-
ratory coronavirus 2 (SARS-CoV-2) causing 
COVID-19 was identified. CEPI built on 
existing partnerships from its Middle East 
respiratory syndrome coronavirus (MERS- 
CoV) and rapid response platform programs 
and mobilized quickly to support vaccine 
development, clinical trials, and several syn-
theses of data and real-world evidence. 
Ultimately, CEPI’s development efforts con-
tributed to the authorization of eight vac-
cines. Recognizing that R&D alone would be 
insufficient to quell a pandemic, CEPI joined 
with WHO, UNICEF, and Gavi, the Vaccine 
Alliance, to form COVAX—the “vaccines pil-
lar” of the Access to COVID-19 Tools 
Accelerator (ACT-A), designed to facilitate 
broad access to a large portfolio of vaccine 
candidates (CEPI 2022b). CEPI also sup-
ported several studies that helped establish 
key scientific reference standards, including 
correlates of protection and immunobridging 
approaches to regulatory authorization. 
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.       Fig. 1 The major goals and partners of  ACT-A. (Access to COVID-19 Tools Accelerator) (CEPI)

Additional research funded after early-stage 
mobilization focused on problems such as 
fractional dosing, mix-and-match doses from 
more than one producer, efficacy in immuno-
compromised populations, cold chain innova-
tions, and broadly protective coronavirus 
vaccines. Whether filling evidence gaps or 
driving technological innovation to increase 
access (Rodgers 2020), especially in low- and 
middle-income country settings, CEPI’s 
efforts throughout the pandemic all featured 
research as a key instrument for response 
(7 Chap. 3 and Case Study 25.1) (. Fig. 1).

Outbreaks of Sudan ebolavirus and the 
Marburg virus in Uganda (late 2022) and 
Equatorial Guinea (early 2023) demonstrated 
the ongoing needs and challenges for research 
response. Doses of investigational vaccines for 
the Sudan virus were available in bulk form, 
but 79 days passed from the time the outbreak 
was declared for them to be filled and finished 
and arrive in Uganda. While this was faster 

than previous vaccine research responses to 
epidemics, the outbreak ended before a trial 
could be launched. Beyond vaccine availabil-
ity, other barriers included an incomplete pro-
tocol and lacking regulatory authorization in 
country (Samarasekera 2023). Both outbreaks 
highlighted enduring complexities of launch-
ing a trial in the early stages of a response, but 
they have equally exemplified the importance 
of thinking about preparedness and response 
as a continuum, rather than binary aspects of 
different research agendas. In other words, 
outbreak response is outbreak preparedness, 
and research should always be part of it.

2  The 100 Days Mission

Outbreak response as outbreak preparedness 
is a natural follow-on to more familiar max-
ims about the importance of preparedness for 
rapid, effective action amid an emerging crisis. 
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.       Fig. 2 Meeting the 100 Days Mission will require a paradigm shift in the vaccine development process. (CEPI)

Preparedness and response are often por-
trayed as two separate stages. However, the 
bidirectional relationship outlined in this 
chapter indicates that a more fluid and inte-
grated understanding of these categories lends 
itself  to an evolved paradigm of emergen-
cies—one that more carefully considers how 
what has been done in the past can and should 
inform the future.

The development and authorization of 
novel vaccines against SARS-CoV-2 in less 
than a year was a technoscientific triumph, 
especially as part of a global response to the 
COVID-19 pandemic that was inadequate in 
many other respects. The first vaccine received 
emergency authorization in record time, 
326  days from the date the SARS-CoV-2 
genetic sequence was posted. By that time, 
however, more than 60 million people had 
been infected and over 1.5 million had died 
(WHO 2023b).

Developing a novel vaccine in less than a 
year was not merely the result of a rapid 
response upon the declaration of a pandemic. 
Decades of research into betacoronaviruses 
and mRNA vaccine platforms, as well as the 
deep experience of national biomedical institu-
tions and well-oiled partnerships across the 
pharmaceutical sector, set the stage for this 
achievement (7 Chap. 12). An analysis of 
innovations in vaccine development for 
COVID-19 suggests that if  all possible innova-
tions were used for the next pandemic, the time 

to vaccine authorization possibly might 
decrease further, but at most by 25% to approx-
imately 250 days (CEPI 2022c). If we want to 
curtail outbreaks before they become pandem-
ics, we must go faster. In other words, the world 
needs a paradigm shift for how it approaches 
vaccine research and development in both pre-
paredness and response phases (. Fig. 2).

In 2021, CEPI called for such a paradigm 
shift, articulating a 100 Days Mission (100DM): 
Vaccines should be ready for initial authoriza-
tion and manufacturing at scale within 100 days 
of recognition of pathogen with pandemic 
potential, when appropriate. From a research 
perspective, this goal is structured around five 
key areas in the R&D life cycle:
 1. Prototype vaccines for representative 

pathogens across viral families.
 2. Biomarkers for protective and robust 

immune responses.
 3. Global capabilities for early characteriza-

tion of pathogens and outbreaks.2

 4. Rapid manufacture and validation of 
experimental vaccines.

 5. Ready clinical trial infrastructure that can 
spring into action to test experimental vac-
cines.

2 Surveillance and pathogen identification are beyond 
the scope of  this chapter. It is a key enabler for 
CEPI’s work but not directly in its purview. See 
7 Sect. 2.5.
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.       Fig. 3 Approaching outbreak response as outbreak preparedness, depicted through CEPI’s activities to acceler-
ate vaccine development. (CEPI)

The 100 Days Mission has since been adopted 
in multiple international arenas, including the 
Group of Seven (G7), Group of Twenty (G20), 
and the United States (U.S.) government, while 
more informally serving as a catalyst for 
improved outbreak countermeasure develop-
ment and additional improvements in the “Sec-
ond 100 Days” (CEPI 2022a, d; IFPMA 2021; 
IPP Secretariat 2023; Pandemic Institute 2023; 
UK.gov 2021; White House 2021).

There are two key elements of the para-
digm shift implicated in achieving CEPI’s 
100DM that go beyond a call for “more” or 
“better” preparedness.3 First, transformations 
in a series of overlapping processes—not just 
the existence of a vaccine candidate—are nec-
essary to accelerate vaccine development and 
deployment. Second, “false alarms”—the 

3 There are various other definitions of  the 100 Days 
Mission that start the clock differently or aim to 
reach a different endpoint (i.e., 100  days from an 
emergency declaration, as opposed to CEPI’s defini-
tion of  100 days for the identification of  a pathogen 
of  pandemic potential). Note that the 100  days 
defined by CEPI are only intended to work towards 
initial authorization for vaccines, not immediate 
widespread use or other medical countermeasures 
for which feasibility constraints are different.

outbreaks that fizzle out before becoming 
pandemics—and the data generated from 
them are important motivators, practice runs, 
and accelerators of speed, scale, and equitable 
access in pandemic responses (. Fig.  3). 
When preparedness and response for pan-
demics rest on preparedness for and responses 
to smaller outbreaks, readiness becomes a 
dynamic and iterative effort wherein a series 
of research-driven innovations shrink time-
lines for the essential stages of vaccine devel-
opment. Below, we briefly review key elements 
of such research for response.

2.1  Rapid Response Platforms 
and Vaccine Libraries

One of CEPI’s early goals was to develop plat-
forms that could be used to rapidly make a 
vaccine in the event of an outbreak of a new 
or unknown disease, often referenced as 
Disease X. “Rapid response platforms” 
broadly refer to systems or technologies that 
use the same basic components but can be 
adapted for use against different pathogens by 
inserting new genetic or protein sequences. 
The most familiar example of such a system 
in the wake of COVID-19 is the mRNA plat-
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.       Fig. 4 Components of  a vaccine library. (CEPI)

form used by Pfizer-BioNTech and Moderna 
for their COVID-19 vaccines, but there are 
other types of platforms and associated man-
ufacturing processes that can be readied for 
rapid use against novel pathogens.

There are 26 families of viruses known to 
infect humans. Developing “prototype vac-
cines” against representative pathogens from 
viral families with the greatest pandemic 
potential would not only add to the often- 
limited toolkit for known pathogens—fur-
thering possible ways to contribute to 
outbreak responses and further vaccine 
research—but also greatly improve our ability 
to respond to a novel pathogen from the given 
family. Creating a library of prototype vac-
cines for known pathogens on select rapid 
response platforms would provide platform- 
specific experience that could then be rapidly 
adapted to a new pathogen, such that a new 
sequence could be inserted in the well-charac-
terized platform. Tested prototype vaccine 
candidates might also prove useful in their 
existing form if  in vitro and in vivo data indi-
cate that sufficient cross-protection may be 
elicited against a novel target. Such advances 
could permit preclinical work, initial human 
safety trials, manufacturing scale-up, and 
other accelerated stages of vaccine develop-
ment to unfold in parallel. The precise 
sequence of steps and the extent to which they 
could be done simultaneously, rather than 
sequentially, would be governed by experience 
and judgement (Cassetti et al. 2022).

The various steps along the way to devel-
oping and determining inputs for prototype 
vaccines on rapid response platforms are tech-
nical milestones in their own right. Whether 
assembling the technical repertoire of host 
viral receptors and immunogen designs or 
expressing vaccine candidates as plasmids, 
steps that facilitate platform development and 
validation also bring together experts and 
build an increasingly robust foundation for 
preparedness and response (. Fig. 4).

More broadly, rapid response platforms 
and vaccine libraries contribute to the 100DM 
by establishing an accessible  knowledge base 
that catalyzes advances in parallel streams of 
medical countermeasure R&D. For example, 
as regulatory authorities gain experience with 
and gather data on a platform as it is used for 
vaccines, they will likely become more com-
fortable moving new vaccines or immunopro-
phylactics (e.g., monoclonal antibodies or 
antibody “cocktails”) into clinical trials with 
adapted requirements, analogous to the 
annual approval of seasonal influenza vac-
cines produced on a very well-understood 
platform.

Despite the promise of rapid response 
platforms and vaccine libraries for a more 
integrated approach to preparedness and 
response, considerable challenges still remain 
beyond immediate technical concerns. Many 
of the vaccine constructs developed through a 
prototype or pan-family approach cannot be 
evaluated for real-world effectiveness in the 
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absence of ongoing pathogen transmission. 
The research response of assessing candidates 
in rigorous clinical trials when it becomes epi-
demiologically feasible will require well-coor-
dinated mobilization in an emerging 
outbreak—something that has often fallen 
short. The required investments of time, 
money, and scientific expertise to support 
innovation and infrastructure are consider-
able. At least some of the vaccines developed 
will likely never be used to counter pathogens; 
there are few commercial incentives to develop 
vaccines against diseases which may or may 
not ever become a serious concern, adding to 
the political complexity of such an endeavor. 
Intensive engagement with regulatory author-
ities will be required to evaluate where and 
how platform data can be used effectively to 
accelerate vaccine development. Even with 
extensive predictive efforts and ongoing 
research, prioritization across and within viral 
families will be necessary, requiring decisions 
in the face of insurmountable uncertainty. 
Ownership and sharing provisions around 
information, data, and constructs may in 
some contexts be highly contested. Carefully 
considering these and other such obstacles 
will be important to inform the best possible 
approaches to this channel of vaccine R&D.

2.2  Meeting Scientific Needs 
for the 100 Days Mission

Well-characterized assays, biomarkers, and 
correlates of protection are integral to the 
development of prototype vaccines and the 
rapid response platforms on which they will 
be made. CEPI’s ambition is to support a 
globally distributed scientific infrastructure 
with the ability to collect and characterize 
biologic samples early in an outbreak, espe-
cially to develop animal models for testing 
candidate vaccines and to use advanced labo-
ratory methods for assessing elicited immune 
responses. These advances work hand-in-
hand with technical innovations for upstream 
problems such as antigen selection—for 
example, using artificial intelligence to opti-
mize molecular design before preclinical test-
ing can increase probabilities of success (CEPI 

2023). CEPI continues to develop an animal 
model network and a clinical laboratory net-
work with these goals in mind. These net-
works will support vaccine development while 
contributing to scientific opportunities and 
capacity building for regions that have typi-
cally been put at a disadvantage in these 
domains (7 Chap. 14).

2.3  Manufacturing

Optimizing manufacturing to capitalize on 
the modularity offered by vaccine platform 
technologies is critical for response speed. 
Ready production capacity is important for 
scaling to initial investigational doses within 
the 100DM and then to the “second 100 days” 
and beyond, when delivery to large popula-
tions around the globe becomes an urgent pri-
ority. Crisis-ready scaling capacity could be 
facilitated by maintaining a global network of 
“warm” manufacturing facilities that rou-
tinely produce vaccines for national or 
regional use, with the ability to switch to 
emergency production with short notice. 
These facilities could change their output 
within days or weeks to produce vaccines in 
response to an outbreak.

For both economic and technical 
 sustainability, these efforts require funding 
the creation and maintenance of a global net-
work of facilities that cover multiple vaccine 
platforms, including mRNA, viral vector, and 
protein subunit vaccines. Numerous funders 
are supporting the establishment of expanded 
vaccine manufacturing, particularly in Africa. 
Vaccine factories cannot be quickly activated 
from dormancy to full production and need to 
be funded by markets in inter-epidemic peri-
ods for long-term operational sustainability. 
Brick and mortar facilities offer limited value 
without skilled and experienced personnel, 
quality systems, supply chain resilience, and 
other critical human and technical infrastruc-
ture. CEPI is supporting a network of “go-to” 
manufacturing facilities that produce vaccines 
on a regular basis and can be called upon to 
rapidly manufacture candidate vaccines, or to 
support rapid pandemic-scale manufacturing 
when needed. Among others, Plotkin et  al. 
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(2017) have outlined some of the major chal-
lenges and requirements for vaccine manufac-
turing, and Kumraj et al. (2022) have presented 
some important proposals for expanding 
capacity in developing countries.

2.4  Clinical Trials

Developing vaccine candidates in advance 
and expanding response-ready manufacturing 
capabilities to produce them at scale are only 
as useful as the global response ecosystem’s 
ability to assess vaccine safety and efficacy. 
The world’s experience with betacoronavi-
ruses through the twenty-first century exem-
plifies a possible new approach to regulatory 
approval for vaccines against novel pathogens. 
Knowledge from SARS-CoV-1 and MERS-
CoV vaccine candidates helped accelerate 
SARS- CoV- 2 development and clinical stud-
ies, while regulatory guidance across jurisdic-
tions throughout the pandemic has facilitated 
rapid adaptation of COVID-19 vaccines to 
emerging variants (EMA 2023). With addi-
tional experience in other contexts, regulators 
could plausibly approve initial, carefully mon-
itored use of a vaccine against an emerging 
pathogen based on fewer but extremely well-
supported assessments, akin to how seasonal 
influenza vaccines are approved now.

However, evolving regulatory pathways—
and improved local regulatory expertise—can 
only be effective if  the infrastructure for emer-
gency clinical trials exists in the first place. 
These studies must generate comprehensive 
data in time to accelerate vaccine develop-
ment during an emergency and contribute to 
equitable access for vaccines. Bolstering 
capacity to run clinical trials closer to the 
point of need is one major component of such 
efforts. This allows for important research 
improvements, including simultaneous testing 
of multiple vaccines and trials in areas with 
higher disease prevalence (7 Chap. 22). CEPI 
has recognized the foundational importance 
of the following three initiatives for its 100DM 
goals in the clinical and regulatory spheres 
and has begun working on some elements of 
them (CEPI 2021b, 2022c):

 1. A global clinical trial network that is sus-
tainable during interpandemic periods and 
conducts rigorous research which meets 
the needs of target populations, based on 
considerations similar to those outlined 
above for manufacturing.

 2. A global clinical laboratory network for 
faster data readout, facilitated by rapid 
access to samples and standardized analy-
ses.

 3. National clinical trial volunteer registries 
to accelerate study enrollment and initia-
tion.

These approaches to clinical trials and regula-
tory authorization are contingent on several 
key technical and procedural standards being 
established in “peacetime,” then tested and 
refined through smaller crises. This includes 
developing accessible master files to build on 
prior knowledge and aid in robust protocol 
development while reducing administrative 
overhead (EFPIA et al. 2023), aligning regula-
tory standards across jurisdictions, and 
assembling and coordinating global clinical 
trial networks to assess vaccines in and for the 
populations that need them. Meanwhile, in 
silico models can help predict the likelihood 
of vaccine candidate success and inform 
choices of lead candidates and dosing levels.

As with any widespread attempt at harmo-
nizing preparedness across jurisdictions, 
establishing and maintaining common sys-
tems across clinical trial sites, laboratories, 
and healthcare facilities globally would face 
political, ethical, and operational obstacles. 
Furthermore, sustaining this infrastructure 
during interpandemic periods requires busi-
ness models that satisfy routine demand and 
generate revenue to keep the trial sites and 
laboratories active. There are several gover-
nance risks associated with collecting and 
managing information compiled by national 
registries. Other important considerations 
include personal data and confidentiality leg-
islation, historically justified anxieties about 
studies in people that assess novel biomedical 
technologies and undefined threats, and lim-
ited trial registration within sub-populations 
that may be especially vulnerable to particular 
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.       Fig. 5 CEPI’s animal model and clinical research partnerships. (CEPI)

infectious diseases of concern. Cultivating a 
shared awareness of essential protections for 
patients, trial participants, communities, and 
citizens will help ensure standards are not 
compromised in the name of accelerated clini-
cal studies (7 Chaps. 4 and 18) (. Fig. 5).

2.5  Engineering an Enabling 
Ecosystem

This brief  overview of some core consider-
ations for a holistic and more interconnected 
approach to preparedness and response—
moving closer to making CEPI’s 100DM a 
reality—focuses primarily on efforts directed 
toward vaccines. However, expeditiously and 
equitably developing vaccines would be func-
tionally impossible without an array of other 
vital infrastructure. While these other compo-
nents of pandemic preparedness and response 
are beyond CEPI’s primary mandate, CEPI 
cannot be successful in its 100DM without 
them. Many were absent or insufficient before 
and throughout the COVID-19 pandemic, 
and lessons learned from ACT-A provide an 
important starting point for improved pre-
paredness and response. Organizations across 
the global health ecosystem can continue to 
collaborate to realize these goals. Some of the 

broader considerations include, but are not 
limited to:

 5 Improved and expanded biosurveillance 
capacity (genomic, serological, etc.) to 
accurately detect an emerging infectious 
disease event early. Simply having a pri-
mary health care system where sick people 
can come and hope to be diagnosed and 
eventually treated is also essential but far 
from universal (7 Chaps. 8 and 10).

 5 Stronger information sharing norms and 
provisions so what is (un)known about 
such an event can be communicated in a 
timely manner across various public health 
actors (7 Chap. 7).

 5 Early epidemiological and clinical obser-
vation studies to establish key parameters 
(e.g., R0, case fatality rate) and elucidate 
disease characteristics (e.g., mode of trans-
mission, burden of asymptomatic disease, 
relationship between symptoms and trans-
mission, pathophysiology, disease course). 
These must continue through an outbreak, 
given that quantities and dynamics can 
change over time—to say nothing of 
pathogen variants (7 Chaps. 19 and 21).

 5 Swift, effective use of non-pharmaceutical 
interventions (e.g., contact tracing, social 
distancing) where applicable to suppress 
disease transmission.
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 5 Accelerated development of advanced 
diagnostics and therapeutics, along with 
readiness to rapidly create and deploy 
them for a new pathogen (7 Chap. 11).

 5 Improved medical technologies for use in 
lower or differently resourced settings.

 5 Strengthened delivery capacity (including 
cold chain infrastructure) to ensure access to 
vaccines for populations around the world. 
Development of vaccine platforms that are 
robust to temperature variations would be 
similarly helpful (7 Chaps. 37 and 39).

 5 Engagement with communities, local and 
national governments, and regional orga-
nizations to design intervention strategies 
shaped by cultural norms and population 
needs (7 Chap. 18, In Practices 18.1, and 
18.2).

 5 Refinement of regulatory standards spe-
cific to the intended use case of and con-
text for a medical countermeasure 
(7 Chap. 6).

 5 Mechanisms to continue monitoring 
safety and efficacy as vaccines are rolled 
out (7 Chap. 36).

Relatedly, no amount of preparedness can 
translate into an effective response, and in turn 
further preparedness, without clarity about 
when and how to mobilize. Mapping out 
which signals from early in an outbreak would 
activate pre-identified “no-regrets” levers 
across partners helps enable a coordinated 
research response to start in time to mitigate 
the ongoing outbreak and prevent future ones. 
“No-regrets” actions are those that an organi-
zation or country can and is willing to take 
once a certain condition is met, even if  an out-
break does not then grow into a Public Health 
Emergency of International Concern 
(PHEIC). These can include mobilizing fund-
ing, collecting samples, activating clinical tri-
als and manufacturing networks, or deploying 
personnel. One of the reasons research-based 
responses inform preparedness is that it justi-
fies a willingness to take at- risk actions. Even 
when the payoff in a single instance is uncer-
tain, a research response means that risk-ben-
efit ratios favor acting to deploy and improve 
long-term preparedness efforts. Equally, hav-
ing pre- determined “off-ramps” to know when 

to disengage ensures that research efforts are 
keyed as closely as possible to risk-tolerance 
thresholds.

The 100  Days Mission is less about the 
exact number of days and more about aiming 
toward much faster vaccine development in 
the event of an outbreak with pandemic 
potential. Coalescing around a goal starts a 
clock on every aspect of a response, which 
then informs key feasibility considerations in 
preparedness efforts and structures “lessons 
learned” to implement during future emerging 
outbreaks. It is also important to note that 
every research response is different. As such, 
preparedness efforts cannot be too rigidly dic-
tated too rigidly by what has happened in the 
past. As the adage among epidemiologists 
emphasizes, “If  you’ve seen one epidemic, 
you’ve seen one epidemic.” Some assumptions 
will be tested and found wanting, and there 
will be oversights—things which we could not 
know or prepare for, or ought to have known 
and prepared for. However, we do know more 
than enough about outbreaks and epidemics 
to develop basic working checklists that 
ensure a coherent response—checklists which 
should be updated after each outbreak. This 
only further emphasizes that we must not 
squander the lessons learned over time, some-
times at a great cost, and that we must act on 
the cumulative experience and knowledge we 
have (. Fig. 5).

3  Systems Equity

The stark inequity in vaccine distribution and 
access across the globe has been one of  the 
major features of  the COVID-19 pandemic. 
Despite the best efforts of  COVAX and ACT-
A, many low- and middle-income countries 
did not have enough access to usable vaccines 
when they wanted and needed them—when 
supply was limited. Many high-income coun-
tries purchased a vast share of  future avail-
able doses before low- and middle-income 
countries even began conversations about 
procurement. The highly coveted mRNA 
vaccines were difficult to transport and use in 
settings with limited cold-chain transport 
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and storage capabilities. Variants of  increased 
severity or transmissibility and limited sup-
plies of  medical countermeasures sometimes 
resulted in  export controls that further 
sequestered vaccines, other countermeasures, 
and ancillary resources. However, by mid- to 
late 2023, there was a surplus of  available 
vaccine doses as well as funding to purchase 
them, but very limited demand long after the 
height of  the pandemic (Martuscelli 2023; 
Rigby 2023).

Speed and scale in outbreak response are 
often described as being at odds with equity. 
Conventional wisdom suggests a “moonshot” 
like the 100DM implies a high-tech race in 
which high-income countries compete to be 
the fastest to develop “their vaccines,” thus sys-
tematically discounting the lives and needs of 
those outside of a select few countries. In prac-
tice, a national government’s first responsibil-
ity is to its own citizens, and few politicians 
would be faulted for aiming to fulfill this 
responsibility. However, speed, scale, and 
equity are inseparable for CEPI. At the core of 
its 100DM is a belief that scarcity is the enemy 
of equity—that developing and delivering new 
epidemic vaccines at speed and scale enables 
and is enabled by greater global equity. The 
value chain of vaccine research, development, 
and delivery needs to be configured from the 
outset to produce equity as a “natural” output 
by overcoming the stumbling block of scarcity 
and cannot be pursued by any one actor alone. 
CEPI terms this approach “systems equity”—
a way for the world to rethink its approach to 
pandemic preparedness and response, to put 
equity first rather than relegating it to an after-
thought.

Factors historically delaying vaccine devel-
opment, thus exacerbating inequitable access 
to vaccines and hindering pandemic responses 
more generally, have involved inadequate or 
absent:

 5 Coordination and clarity of roles.
 5 Research capacity where needed in out-

break settings, such as qualified clinical 
research programs in developing countries.

 5 Established financing mechanisms for 
R&D, at-risk manufacturing, and procure-
ment so that funds are available when 

needed and low- and middle-income coun-
tries are not last in line.

 5 Operational infrastructure, legal provi-
sions, and political agreements to better 
enable global access to vaccines, diagnos-
tics, therapeutics, and critical equipment.

Focusing on these elements from the outset 
proved important to address problems with 
vaccine access throughout the COVID-19 
pandemic, They continue to guide CEPI’s 
broader approach to operationalizing systems 
equity. Maintaining an emphasis on the vari-
ous competencies needed for a research-driven 
response—even outside of WHO-declared 
PHEICs—has also allowed CEPI to signifi-
cantly advance vaccine candidates for its pri-
ority pathogens. This work has focused on 
settings where disease circulates but has been 
historically neglected, such that there are often 
no late-stage or licensed vaccines. To date, 
CEPI has advanced the first- ever Phase III 
trial for a chikungunya vaccine candidate and 
the first in-human Phase I trials for a Nipah 
vaccine candidate (CEPI 2020a, 2021c; 
Schneider et al. 2023). Several Lassa fever vac-
cine candidates are also in advanced stages of 
clinical development. CEPI’s Enable research 
program to assess the burden of Lassa fever 
across West Africa is designed to further 
inform late-stage trial design while drawing on 
and bolstering local research capacity (CEPI 
2020b). Such studies are underway to evaluate 
vaccine safety and efficacy in populations reg-
ularly affected by these diseases, rather than 
for relatively high-income travelers—as has 
historically been the case in other R&D efforts. 
Systems equity involves not only understand-
ing and addressing disease in context through 
pathogen- specific interventions but also devel-
oping more general- purpose tools to make 
any intervention more feasible and effective. 
To this end, partners have been funded to 
advance more thermostable mRNA platforms 
to increase usability across settings. Manufac-
turing partnerships with L’Institut Pasteur de 
Dakar and Aspen in Africa are laying the 
foundation for CEPI’s global manufacturing 
network and are crucial for increasing the 
share of vaccines manufactured in Africa, for 
Africa.
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These examples demonstrate the founda-
tional importance of researchers across the 
world finding roles to play anywhere along the 
spectrum of vaccine R&D and within the 
broader health ecosystem. This is equity in 
action—building regional capacity and devel-
oping locally driven vaccines to lay the foun-
dation for moving away from scarcity. 
Through this model of systems equity, rapid, 
research- driven responses to emerging local 
outbreaks and longstanding endemic diseases 
begin to replace historically slow and inequi-
table global responses. The networks that 
CEPI is building to enhance manufacturing, 
clinical trials, animal models, and clinical labs 
aim to bring researchers from across the globe 
together around these goals.

4  International Coordination

It is important to acknowledge the obvious 
point that research alone cannot accomplish 
the 100DM and engender systems equity. 
Although CEPI’s approach to research targets 
diseases and indications for which market 
incentives have failed, there are still additional 
political and economic questions to address 
beyond scarcity or expanded research collabo-
rations alone. With major implications for 
preparedness and response, these issues 
include:
 1. How to ensure vaccines developed in these 

novel contexts will be purchased and sold 
at affordable prices without leading to 
price gouging or high-income countries 
purchasing even greater shares of vaccine 
doses.

 2. What is required to ensure technological 
innovations will be broadly and more rap-
idly shared.

 3. How to account for intraregional and 
interregional heterogeneity.

 4. How access and benefit sharing provisions 
or alternative equity-related mechanisms 
will be developed, negotiated, and enforced 
in multichannel markets for vaccine doses 
and funding.

Such considerations are beyond the scope of 
what CEPI or any one organization can take 
up alone. They raise broader questions for 
cross- partner deliberation about what suc-
cess entails for an outbreak research response, 
including how equity gets defined and how to 
make decisions on some of  these issues while 
the prospective Pandemic Accord remains 
under deliberation through the Intergovern-
mental Negotiating Body (INB) at the WHO 
(2023a).

More broadly, systems equity is only one 
core tenet of  an emergency vaccine research 
response. The 100DM cannot be achieved 
without coordination across local, regional, 
and international partners. While increased 
local capacity and institutional expertise for 
vaccine R&D are important steps toward 
accelerating and improving research and 
response, there are crucial roles to be played 
by international partners to support efforts 
in regions and countries. Such coordination 
and collaboration are important to ensure 
that these efforts are productively contribut-
ing to global public health instead of  poten-
tially exacerbating forms of  protectionist 
fragmentation and discord often produced 
during infectious disease emergencies.

Some of these questions have become 
more concrete through negotiations in inter-
national political fora, which primarily involve 
sovereign nations, that address issues such as 
access and benefit sharing, the definition of a 
pandemic, the role of zoonotic surveillance 
and spillover, and intellectual property regula-
tions. These spaces for deliberation include, 
among others:

 5 The INB to draft and negotiate a conven-
tion, agreement or other international 
instrument for pandemic prevention, pre-
paredness and response under the Consti-
tution of the World Health Organization

 5 The Group of 20 (G20)
 5 The Group of Seven (G7)
 5 The Johannesburg Process for a Medical 

Countermeasures Network or Platform
 5 The September 2023 United Nations 

High-Level Meeting on Pandemic Preven-
tion, Preparedness and Response
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As negotiations evolve and geopolitical actors 
agree on new norms for pandemic prepared-
ness and response, operational questions 
about how organizations work together, on 
what, and when—especially when each has a 
different primary focus and governance struc-
ture—remain alongside other more tradi-
tional nation-based political questions. It will 
be vital to develop international mechanisms 
to address technical, operational, and politi-
cal challenges in a practical and coordinated 
way, learning from prior outbreaks through 
critical reflection and building on them with 
pragmatic but bold commitments for a health-
ier future.

5  Conclusion

Using the framework of the 100 Days Mission, 
this chapter presents CEPI’s approach to 
emergency vaccine research as a form of out-
break preparedness and response and outlines 
key components to support these efforts. 
Accelerating vaccine development for future 
pandemics involves early preparatory activi-
ties, such as epidemiological research and 
regulatory-standard harmonization, that can 
precede outbreaks. It also requires a holistic 
or cyclical understanding of preparedness 
and response that emphasizes how each 
advances the other. As argued previously, 
“The knowledge that is generated through 
well-designed, effectively executed research in 
anticipation of, in the midst of, and after an 
emergency is critical to our future capacity to 
better achieve the overarching goals of pre-
paredness and response: preventing injury, ill-
ness, disability, and death and supporting 
recovery” (Lurie et al. 2013). Beginning with 
specific ends in mind and building from what 
each of these goals may entail informs both 
inter-epidemic and crisis-time research. 
Reaching consensus around what research 
should be done and what it will take to achieve 
a goal like the 100DM means accounting for a 

broad range of considerations from different 
groups. It demands close engagement with 
researchers, policymakers, and the public to 
better understand community and country 
needs and to implement research that fits 
these specifications—and not solely in terms 
of vaccine hesitancy, though that too is impor-
tant. Pandemics may be global events in one 
sense, but they are still experienced and under-
stood differently by people across the world. 
Research-based response and preparedness is 
one important way to ensure that disease can 
be managed in an attentive, context-specific 
manner but within a broader, coordinated 
framework—working towards eventually pre-
venting the next pandemic from ever growing 
beyond a small outbreak.

? Discussion Questions
 1. What is the goal of the 100 Days Mission?
 2. What is the current timeline for develop-

ing a vaccine against a novel pathogen if  
no major, unanticipated obstacles arise?

 3. What are the main systems and opera-
tional innovations that might accelerate 
vaccine development?

 4. Does an infectious disease emergency 
spreading rapidly around the world, like 
COVID-19, justify relaxing vaccine 
safety and efficacy standards? Why or 
why not? What if  a disease with much 
higher mortality, like SARS, caused the 
emergency?

 5. How can vaccine development be accel-
erated without relaxing safety and effi-
cacy standards?

 6. Do countries or companies that contrib-
uted the most to developing and produc-
ing vaccines in an emergency have a 
right to preferential access to protect 
their own populations or seek the high-
est return on their investment, respec-
tively?

 7. What measures are available to ensure 
faster, more equitable distribution of 
rapidly developed vaccines in an emer-
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gency, compared to the COVID-19 
pandemic? What are the pros and cons 
of  some these possibilities?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The overall therapeutics development pro-
cess and steps for acceleration from bench 
to bedside

 5 The optimal achievable therapeutics pre-
paredness state to develop, assess in clinical 
trials, and distribute new authorized or 
licensed medical countermeasures (MCMs) 
in time to affect epidemics or pandemics

 5 How market failures hinder an ideal thera-
peutics preparedness state

 5 Regulatory reforms to accelerate preclinical 
development and reduce reliance on animal 
models

 5 The G7 Therapeutics and Vaccines Clinical 
Trials Charter and WHA Resolution 75.8 
and what prompted them

 5 Some innovations in clinical trial design 
and execution

 5 The benefits of large-scale, well-designed 
randomized clinical studies structured by a 
master protocol:
 – Advantages of global master proto-

cols
 – Platform approaches to curating 

clinical research priorities
 – Ways to increase clinical trial flexi-

bility
 – Why populations that have been un-

derrepresented in past clinical re-
search need to be included

 – Advantages of a global clinical re-
search network

 5 The need for innovations in global regula-
tory coordination for health emergencies

 5 How social value created by research should 
be available to all populations who may 
benefit from it

 5 The importance of multitasking to advance 
accelerated therapeutic development dur-
ing an emergency

 5 The importance of implementing Good 
Participatory Practice (GPP) guidelines 
during accelerated therapeutics develop-
ment for a health emergency

 5 The role of clinical practice guidelines in 
the context of accelerated therapeutics 
development, scale-up, and use in a health 
emergency

1  Introduction

Research to develop therapeutics is essential 
to pandemic preparedness and emergency 
response. In an ideal preparedness state, safe, 
effective therapeutics, along with knowledge 
of how to use them and scale production as 
needed would be available for all known 
pathogens of epidemic and pandemic poten-
tial. A more practical but still ambitious goal 
is to have candidate therapeutics available for 
one or more member species of all viral fami-
lies with epidemic and/or pandemic potential. 
When used appropriately, effective therapeu-
tics mitigate morbidity, minimize mortality, 
reduce disease severity and hospitalization, 
and prevent new infections in all segments of 
the population, including frontline health 
workers and vulnerable populations. In an 
ideal preparedness state, we would understand 
the pathogen natural history, know which 
populations are likely to be disproportionally 
affected by a pathogen and therefore most 
likely to benefit from therapeutics, and we 
would have safety and efficacy data for these 
populations. Special populations include 
infants, children, pregnant women, the elderly, 
immunocompromised individuals, and those 
with multiple comorbidities and underlying 
medical conditions.

The need for accelerated development of 
therapeutics aligns with the 100 Days Mission 
goal, established by the G7 health leadership 
in June 2021 and adopted by the Coalition for 
Epidemic Preparedness Innovations (CEPI), 
the U.S.  Government (USG), the World 
Health Organization (WHO), the United 
Kingdom (UK), and many other govern-
ments and multilaterals (Kelland 2023; 
Pandemic Preparedness Partnership 2021; 
White House 2022). The premise is that the 
faster we can develop safe, effective vaccines, 
therapeutics, and diagnostics (VTDs) for an 
escalating infectious disease outbreak, the 
more likely we will save lives and contain the 
outbreak. For all the VTDs, focused pre-
paredness work is needed to accelerate devel-
opment in interpandemic periods and enable 
immediate, efficient, accelerated research 
response to outbreaks, epidemics, and pan-
demics.
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.       Fig. 1 Therapeutics Development Process and Steps for Acceleration. (Author, loosely based on a figure in a 
public domain U.S. Government Accountability Office report (GAO 2023))

Accelerated development of therapeutics 
refers to the process of expediting end-to-end 
development, regulatory authorization or 
approval, manufacturing, and delivery. 
Acceleration can be accomplished at every 

stage of the “bench to bedside” process 
(. Fig.  1), including increased funding for 
early drug development; streamlining clinical 
trials; strengthening coordinated global clini-
cal trial capacity and infrastructure; coordi-

318 E. S. Higgs



nating global clinical trials; ongoing 
advancement of clinical research in interpan-
demic periods; and increased collaboration 
between governments, academia, NGOs, and 
the private sector. Innovations in manufactur-
ing to enable rapid scale-up of production, 
along with innovations in distribution and 
delivery to patients, are also essential. The pri-
mary goal of accelerated therapeutics devel-
opment is to bring safe, effective treatments 
and prophylaxis as quickly as possible to 
patients and those who could be infected in 
health emergencies, particularly for pathogens 
which cause life-threatening disease or debili-
tating long-term conditions.

While scientific innovation and clinical 
research to validate safety and efficacy are 
essential to accelerated therapeutics develop-
ment, population confidence and beliefs about 
research and development and the resulting 
products can make or break their social accep-
tance and use, and thus their impact on an 
outbreak. Clearly, if  the target population 
refuses to use a medical countermeasure 
(MCM) it cannot save lives or contain out-
breaks (7 Chap. 18). In contrast, population 
confidence in therapeutics safety and efficacy 
offers secondary benefits to the pandemic 
response by reducing fear, encouraging early 
care seeking by both exposed and infected 
individuals, potentially reducing the time of 
infectivity, and encouraging the use of pro-
phylactic agents. Empowering people to be 
treated outside of hospitals reduces fear as 
well as stress on the health care system, mini-
mizing disruption and interruptions to care 
for others. Access to pre- and post-exposure 
prophylaxis reduces risks to healthcare work-
ers, enabling better patient care. This is espe-
cially important with highly transmissible 
pathogens such as respiratory viruses and 
high-mortality ones like filoviruses. Finally, 
promoting VTD confidence among high-risk 
populations encourages uptake and helps pro-
tect the most vulnerable, such as pregnant 
women (Zika), essential workers, the elderly 
in nursing homes, etc. An underappreciated 
aspect of therapeutics preparedness is the 
engagement of intended users of putative 
therapeutics in the research process. Now, just 
as during the coronavirus disease 2019 

(COVID-19) pandemic, much remains to be 
done to prepare to deliver on the full promise 
of therapeutics in outbreaks, epidemics, and 
pandemics.

Three essential principles for accelerated 
therapeutics preparedness and research 
response are relevant for all segments of the 
therapeutics development pipeline: (1) be pre-
pared to respond, (2) multitask (run processes 
in parallel rather than in sequence) to acceler-
ate research and development in an emer-
gency, and (3) collaborate and synergize, e.g., 
include multiple voices throughout the pro-
cess. Before turning to these three principles 
and how they can be implemented, an over-
view of the traditional therapeutic develop-
ment pathway and how it could be reimagined 
is warranted.

2  Accelerated Therapeutics 
Development: The Traditional 
Pipeline Re-envisioned

The development timeline for therapeutics 
has commonly stretched over a decade or 
more, culminating if  successful in regulatory 
licensure and followed by promotion to health 
care providers. Clearly this is much too slow 
for a public health emergency, especially since 
the experience of the past decade has demon-
strated that VTDs can be developed much 
more quickly and that clinical trials can be 
implemented even in unstable conditions in 
fragile states (7 Chap. 16) (Mulangu et  al. 
2019). The preparedness vision for therapeu-
tics development must begin with the end in 
mind—safe, effective therapies available to all 
who can benefit from them. A global health 
security approach to accelerated therapeutics 
development should therefore be envisioned 
as a “bench to bedside” process, beginning 
with the identification of candidate therapeu-
tics and ending with adequate manufacturing 
to enable uptake at scale by all those who need 
a safe and effective medicine. Preparedness 
must also include public education to pro-
mote a better understanding of the research 
and development process, from individuals 
participating in trials to their communities 
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and countries, as a partial antidote to the dis-
information and misinformation that has so 
bedeviled the COVID-19 response (van der 
Linden 2022).

2.1  Faster Steps

Measures to accelerate each step in the pro-
cess can be taken during preparedness (inter-
pandemic periods) as well as during an 
emergency research response to outbreaks, 
epidemics, and pandemics. If  pandemic pre-
paredness is properly implemented, therapeu-
tics candidates for even novel pathogens in a 
high-risk family of viruses with pandemic 
potential will be available. These therapeutics 
candidates will have been investigated through 
Phase IIa clinical trials, producing prelimi-
nary conclusions about safety and potential 
efficacy. Candidates can then be rapidly 
screened for in  vitro efficacy against novel 
pathogen X from known virus family Y.1 
Generally, the therapeutics development pro-
cess can be broken into eight steps from bench 
to bedside (. Fig. 1):

2.1.1  Identification and Creation 
of Therapeutic Candidates

Identification and creation of therapeutic 
candidates involve basic research on both 
pathogens and how pathogens interact with 
human physiology to identify therapeutic tar-
gets. Reflection on the advances in human 
immunodeficiency virus (HIV) therapeutics 
over the past 20+ years reveals the critical 
importance of understanding viral pathogen-
esis and fully exploiting virologic mechanisms 
as therapeutic targets. Innovative approaches 
to identifying therapeutic candidates have 
expanded beyond screening compound librar-
ies in vitro to rational drug design leveraging 
three-dimensional imaging, artificial intelli-
gence, and machine learning. Hopefully, pre-
paredness will enable us to have a “stable” of 
putative therapeutic candidates, including 

1 Most efforts to date are focused on viruses as the 
most frequent cause of  outbreaks, but the approach 
applies in principle to other pathogens like bacteria 
and fungi.

biologics, ready for screening when there is a 
zoonotic transmission event which causes 
human disease with novel pathogen X.

2.1.2  Preclinical Toxicity 
and Efficacy Studies

Preclinical toxicity and efficacy studies are no 
longer limited to animal models. Advances in 
in vitro technologies like “organs on a chip” 
(see 7 Sect. 6.1 below) can facilitate early 
assessments of safety and efficacy, as well as 
characterize disease pathogenesis.

2.1.3  Human Drug Trials Are 
Traditionally Conducted 
Sequentially in Phases I, II, III, 
and IV

Human drug trials are traditionally conducted 
sequentially in Phases I, II, III, and IV, often 
at separate sites or clinical trial networks with 
a temporal gap between phases and separate 
trials of therapeutics for different indications. 
However, innovation in clinical trial design 
and infrastructure to prepare for emergencies 
can close these gaps and allow investigators to 
plan trials that overlap so that early Phase II 
trials can begin when Phase I trials are provid-
ing their first solid results.

2.1.4  Phase I Trials
Phase I trials provide a preliminary assess-
ment of safety and dosage ranging should be 
conducted in interpandemic periods for mul-
tiple candidate therapeutics for each viral 
family that infects humans in a broad range of 
populations. Traditionally, Phase I studies 
have been conducted in developed countries, 
in part to avoid the perception of exploitation 
of populations in low- and middle-income 
countries (LMICs). In an emergency, how-
ever, this paternalistic approach does not 
serve as an expedited response when knowl-
edge and acceptance of safety, tolerability, 
and pharmacokinetics is needed in the popu-
lation for whom the product will be used.

2.1.5  Phase II Studies
Phase II studies provide additional data on 
safety, tolerability, and early signals of efficacy 
for the disease of interest in the populations 
infected, as well as additional information on 
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dosing and duration. Phase II studies are often 
divided into Phase IIa and Phase IIb. Phase IIa 
studies focus on dosing, pharmacokinetics and 
pharmacodynamics, and/or specific sub-popu-
lations such as children, HIV+ persons, elderly, 
etc. Phase IIb trials focus on safety and efficacy 
at the selected dose. Phase II studies may rap-
idly enable Phase III study initiation in health 
emergencies. In this scenario, the study is des-
ignated Phase IIb/III or sometimes just Phase 
III. The importance of both dose and duration 
has often been underestimated, particularly 
during health emergencies. Though studies are 
still pending and data are inconclusive at the 
time of this writing, the short half-life of 
Paxlovid® and the prescribed 5-day course 
may be related to the many reports of clinical 
and virologic rebound in severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), 
at a rate yet to be determined (Akinosoglou 
et al. 2022). However, it is clear that biphasic 
illness occurs in persons with COVID-19 cases 
even without treatment. Regardless of etiol-
ogy, concern over rebound among physicians 
and patients is thought to be contributing to 
the underutilization of Paxlovid®, which is 
89% effective in preventing progression of dis-
ease and death and quite safe (McGarry et al. 
2023). Promising therapeutics that have com-
pleted Phase IIa trials should be available in 
sufficient quantities, with up-to-date stability 
data, to allow for rapid initiation of Phase IIb/
III studies in an outbreak.

2.1.6  Phase III Studies
Phase III studies provide additional safety 
and efficacy data on a larger group of partici-
pants with the disease of interest. One or two 
well-designed and implemented studies should 
be adequate for licensure. Moreover, innova-
tion in trial design for use in health emergen-
cies allows Phases II and III to merge into one 
protocol.

2.1.7  Manufacturing Innovation, 
Production Locations, 
and Capacity to Scale Up

Manufacturing innovation, production loca-
tions, and capacity to scale up have been high-
lighted during the COVID-19 pandemic. 

Progress in these areas is closely tied to 
demands for equity of access to the medical 
and social benefits of clinical trials. Equity of 
access must be balanced by the principle of 
utility; that is, when VTDs are scarce, they 
should be allocated and distributed to provide 
the greatest benefit. In response to the need 
for greater equity in access to therapeutics and 
other pandemic countermeasures, innovation 
and investment in manufacturing capacity for 
both biologics and small molecules are essen-
tial to ensuring all those who can benefit have 
access.

2.1.8  Regulatory Review
Regulatory review is the standard process of 
assessing data quality and strength to deter-
mine whether a product is safe and effective 
for a given indication. Normally, this results 
in approval or denial of a license to market 
the product, but emergency use authorization 
or its equivalent is an option available to regu-
latory agencies when warranted. The 
COVID- 19 pandemic revealed the need dur-
ing health emergencies for both greater global 
cooperation and accelerated, flexible pro-
cesses that do not compromise safety or effi-
cacy in the  regulatory review of clinical trials 
(7 Chap. 6).

2.1.9  Access to an Approved 
Therapeutic Is a Multistep 
Process

Even when a product receives an emergency 
use authorization, manufacturing must be 
scaled up, and products must be distributed, 
prescribed by physicians, and accepted by 
patients. Treatment guideline panels play a 
critical role in evaluating evolving clinical trial 
data to help provide treatment and clinical 
care guidance in a health emergency (7 Chap. 
20). As evidence quality and strength can be 
variable, especially in an emergency, physi-
cians need confidence to prescribe therapies 
with an appropriate balance of risk and ben-
efit. Not all countries will approve or recom-
mend the same therapies. For example, the 
antiviral remdesivir was the first licensed 
COVID-19 therapy in the United States but 
was not recommended by the WHO Treatment 
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Guidelines (Beigel et  al. 2020; WHO 2020; 
WHO Solidarity Trial Consortium 2022). 
Finally, patient uptake/demand for novel ther-
apeutics hinges upon confidence in the 
research process (Trogen et  al. 2020; Wilson 
et al. 2021). As noted frequently in this vol-
ume, demonstrating actionable evidence 
through rigorous clinical trials is not the final 
goal. Countries, health systems, physicians, 
and patients must accept and use the novel 
therapeutic to mitigate morbidity and mortal-
ity. That requires confidence in the research 
process based on effective communication 
among researchers, the populace, and 
decision- makers.

3  Vision for Preparedness: What 
Does Success Look Like?

Preparedness to advance MCMs through 
emergency research response is in its relative 
infancy. Until very recently, the vision for an 
ideal preparedness state was neglected, largely 
because it was not believed feasible to develop, 
assess in clinical trials, and distribute a new 
MCM in time to change the course of an epi-
demic or pandemic. Even in 2023, as tools for 
scientific discovery become ever more power-
ful, the pipeline for candidate therapeutics for 
pathogens with pandemic potential and high- 
risk viral families is extremely limited. 
Together, the political and scientific research 
community can do better. Going from the 
current paucity of licensed and candidate 
therapeutics for pathogens with pandemic 
potential to real therapeutic preparedness will 
require a new vision, sustained investments, 
global focus, innovation, and a process to 
address market failures. Being prepared is 
multifaceted and involves all parts of the ther-
apeutic development pipeline, as well as 
improving research systems to counter 
endemic challenges and remain in readiness to 
conduct high-quality clinical research in 
emergencies. Proper preparation promotes 
efficiency, guards against poor performance 
and costly delays, and encourages research 

stakeholders and potentially affected popula-
tions to begin to work together well in advance 
of health emergencies.

In the wake of the COVID-19 pandemic, 
there are promising national, multilateral, and 
global steps towards envisioning and enabling 
a more ideal therapeutics preparedness state 
inclusive of equity, collaboration, and 
strengthening of global clinical trials (G7 
2021; GLOPID-R 2023; White House 2022; 
WHO 2022b).

Analogous to the popular phrase “lab to 
jab” referring to vaccines, the therapeutics 
vision should be thought of as “bench to bed-
side” (. Fig. 1). An ideal state of prepared-
ness would support interpandemic preclinical 
and clinical research to advance therapeutics 
candidates as far as possible in the develop-
ment pipeline, even in the absence of active, 
human- to- human transmission of the patho-
gens they are designed to counter. Sometimes, 
as with influenza or respiratory syncytial virus 
(RSV), endemic pathogens provide the oppor-
tunity to leverage ongoing human transmis-
sion and disease to advance candidate 
therapeutics through Phase III trials, licens-
ing, and stockpiling.

In the absence of endemic disease, the pro-
totype pathogen approach to generating can-
didate VTDs for viruses with pandemic 
potential has been widely accepted as a 
 preparedness strategy (Cassetti et  al. 2022; 
Ford et al. 2023) (7 Chap. 12). In a nutshell, 
the prototype pathogen approach leverages 
the fact that viruses within families have simi-
lar properties. Thus, if  a new virus X emerges 
within a taxonomic family Y, it is likely to 
share properties with other Y viruses. The 
goal, then, is to select a known pathogen 
within a viral family and to develop a general-
izable MCM approach that shows applicabil-
ity against other viruses in the same viral 
family, based on the postulate that this will 
include novel viruses that may emerge from 
that family in the future (. Fig. 2). By devel-
oping candidate VTDs for the prototype 
pathogen during interpandemic times, this 
approach readies VTD candidates for imme-
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.       Fig. 2 NIAID’s Pandemic Preparedness Plan 
(NIAID, USG public domain) (7 https://www. niaid. nih. 
gov/sites/default/files/pandemic- preparedness- plan. pdf)

diate research response to outbreaks caused 
by novel pathogens, as long as they fall into a 
known virus family. Other things being equal, 
this head start on research response should 
considerably shorten timelines for regulatory 
authorization and manufacturing.

The target end state for therapeutics pre-
paredness is to have licensed, approved thera-
peutics for at least one prototype pathogen 
from each high-risk viral family with pan-
demic potential and for all known pathogens 
with pandemic potential, along with adequate 
stockpiles or ability to quickly scale up to pro-
tect all segments of the population. We are a 
long way from this level of preparedness. A 
step in this direction would be to assess candi-
date therapeutics through clinical trial Phase 
IIa for all known pathogens with pandemic 
potential, with adequate product available for 
immediate later-stage trials in an outbreak. In 
many circumstances, demonstration of 
human efficacy is not possible until an out-
break occurs (NASEM 2017a). Even when a 
therapeutic is approved under the U.S. Food 
and Drug Administration (FDA) Animal 
Rule (United States only), it should not be 
assumed that it will be safe and effective when 

used to treat the disease in humans (FDA 
2023). Candidate therapeutics, both direct- 
acting agents and biologics, should be ready 
“on the shelf” in sufficient quantities for 
rapid, large-scale clinical trials.

4  Applying the Lessons of Past 
Therapeutics Development 
and Use

It is important to apply what we have learned 
from past therapeutics development to future 
research responses to infectious disease patho-
gens. For example, RNA viruses, such as coro-
naviruses, mutate with greater frequency than 
DNA viruses, yet DNA viruses such as mpox 
clade 1 evolution to clade 1b demonstrates 
adaptations as well. Thus, for both RNA and 
DNA viruses to prevent therapeutic resis-
tance, therapeutics that target more than one 
part of the virus lifecycle are needed (Robson 
et al. 2020), as with the therapeutic approach 
to HIV-acquired immunodeficiency syndrome 
(AIDS). Therapeutic monoclonal antibodies 
targeting single immune epitopes are vulnera-
ble to immune escape and loss of efficacy as 
increasing population immunity exerts adap-
tive pressure on viral mutations unless the tar-
geted epitope is highly conserved. In the 
course of the COVID-19 pandemic, the neu-
tralization efficacy of hard-won anti-SARS-
CoV-2 monoclonal antibody therapy products 
was lost, one by one, as viral evolution pro-
duced new strains. Future preparedness and 
response efforts need to anticipate viral evolu-
tion and resistance, and greater attention 
should be focused on strategies to prevent 
resistance, including targeting conserved epit-
opes, combining monoclonal antibodies with 
differing target epitopes, combining biologics 
with direct-acting antiviral agents, etc.

It is equally important to build on past 
success in therapeutic strategies. For example, 
the experience of  using immune-system mod-
ulators in COVID-19 must be remembered 
and should be better understood. After 
decades of  failed randomized clinical trials 
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assessing the efficacy of  immunomodulators 
in adult respiratory distress syndrome 
(ARDS), it came as a pleasant surprise to 
many ARDS experts that immunomodula-
tion by the existing generic steroid dexameth-
asone provided up to 40% mortality benefit 
in sicker COVID-19 patients (Kalil et  al. 
2020; RECOVERY Collaborative Group 
2020; Wolfe et  al. 2022). In other diseases, 
steroids have contributed to excess mortality. 
It is likely that host (immune system) targeted 
therapeutics may be life-saving during spe-
cific stages of  a disease process, e.g., steroids 
in severe COVID-19, while harmful in others, 
e.g., steroids in early stage COVID-19. 
Whenever a novel disease arises, thorough 
natural history studies are essential to under-
stand disease pathogenesis, characterize 
comorbidities that alter the risk of  disease 
progression and severity, and categorize clini-
cal stages of  the disease that might call for 
different types of  interventions (7 Chap. 19).

5  Rectifying Market Failures 
to Foster Therapeutic 
Preparedness

In addition to a new vision for therapeutics 
preparedness, adequate resourcing for thera-
peutics development for pandemic patho-

gens is needed. Historically, market forces 
have dominated and driven therapeutics 
development. Neither therapeutics for 
pathogens with pandemic potential nor 
therapeutics for pathogens disproportion-
ately impacting the world’s poorest coun-
tries have fared well in a market-driven 
therapeutics economy (Viergever 2013). 
While many pharmaceutical companies 
invest in neglected diseases, these invest-
ments contribute little to profit margins. It is 
tempting to disparage pharmaceutical com-
panies for lack of  investment in these areas, 
but many are for-profit organizations with 
boards and investors holding them account-
able. More thought is needed to ensure 
global engagement of  research innovators 
regardless of  their origin. Even in their most 
commercially motivated investments, phar-
maceutical companies drive a great deal of 
therapeutic invention, as evidenced by the 
rapid development of  the mRNA vaccine 
technology. Meanwhile, innovative public- 
private partnerships work to advance non-
commercial research, negotiate affordable 
prices and fund life-saving childhood vacci-
nations and other interventions in low-
income countries. Among many, three 
leaders in this area are Gavi, the Vaccine 
Alliance, the Bill & Melinda Gates 
Foundation, and PATH.

Box 1: Gavi, the Vaccine Alliance
Gavi’s mission is to protect people’s health 
throughout their lives by increasing equitable and 
sustainable use of vaccines, especially to vacci-
nate the world’s poorest children. Gavi calculates 
that it has prevented some 16 million future 
deaths (Gavi 2022). GAVI leverages the compara-
tive advantages of its public and private partners 
(. Fig. 3), blending public institutions’ scientific 

and technical expertise with the production 
capacity and business acumen of private indus-
try. Since they deliver over half the world’s child-
hood vaccines, they can negotiate a much lower 
price by pooling demand and guaranteeing the 
purchase of vaccines, securing long-term funding 
to bring vaccines to the poorest countries while 
de-risking vaccine development (Gavi 2023).
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.       Fig. 3 Graphic from Gavi, the Vaccine Alliance, 
showing the diverse partners it works with to bring 
vaccines to those who need them, with a strong 

focus on the needs of  children in the world’s lowest- 
income countries. (Courtesy Gavi)

During the COVID-19 pandemic, Gavi, the 
Vaccine Alliance; the Gates Foundation; and 
WHO started the Access to COVID-19 Tools 
Accelerator (ACT-A), based on the Gavi model, 
to provide equitable access to vaccines 
(COVAX), therapeutics, and diagnostics to 
countries unable to purchase and/or acquire 
their own (WHO 2022a). The ACT-A for thera-
peutics focused on the delivery of basic COVID-
19 treatments: oxygen, dexamethasone, and 
antivirals once they were recommended in the 
WHO therapeutic guidelines. Certainly, thera-
peutic preparedness must address end-to-end 
equity issues as well. From this perspective, pan-
demics are a great equalizer—ignoring zoonotic 
pathogens in LMICs is a risk for all nations, rich 
and poor (7 Chap. 10). The development and 
distribution of therapeutics must be determined 
by need and not restricted to national boundar-
ies or wealthier countries alone.

Governments, international organizations, 
foundations, and others are moving to fill the 
market gap for MCMs that do not offer suffi-

cient commercial return on investment. 
Following SARS-1 and concerns about highly 
pathogenic H5N1 influenza in Asia, the U.S. 
government established the Biomedical 
Advanced Research and Development 
Authority (BARDA) in 2006 to advance 
MCMs for emerging and reemerging infectious 
diseases and other bioincidents, e.g., accidental 
release of pathogens from laboratories or bio-
terrorism. The Coalition for Epidemic 
Preparedness Innovations (CEPI) was estab-
lished following the 2014–2016 West African 
Ebola outbreak (7 Chap. 13). The European 
Commission established the Health Emergency 
Preparedness and Response Authority 
(HERA) as a new directorate in September 
2021  in response to the COVID-19 pandemic 
to ensure that medicines, vaccines, and other 
MCMs are rapidly developed, manufactured, 
and made readily available (EC 2024) inside 
and outside the EU. Ensuring additional sup-
port for MCM product pipelines of pathogens 
with pandemic potential is critical.
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6  Innovate to Accelerate

Envisioning and incentivizing resources for an 
ideal therapeutics preparedness state is in the 
interest of everyone, but success will also 
require a great deal of scientific innovation, 
public and private partnerships, multilateral 
cooperation, and strategic thinking. Some of 
the major building blocks:

 5 Sustainable global clinical trial networks 
conducting rigorous research on counter-
measures for endemic pathogens and 
pathogen families with pandemic poten-
tial, prepared to pivot to novel patho-
gens—or known pathogens with new 
features—when they emerge

 5 National and international funding and 
partnerships for expanding clinical trial 
networks and building the infrastruc-
ture—both physical and human 
resources—for the years before new 
research capacity can sustain itself

 5 Global consultation and coordination to 
minimize trials unlikely to produce 
regulatory- level results, as well as to syner-
gize, accelerate, and avoid duplication of 
efforts in well-designed and conducted trials

 5 Trust that global efforts to reduce infec-
tious disease threats are not just a cover for 
commercial gain or nefarious conspiracies

6.1  Innovation in Preclinical 
Pipeline

Innovation is needed throughout the therapeu-
tics development pipelines—preclinical, clini-
cal, manufacturing, and delivery. COVID- 19 
has spawned a great deal of scientific innova-
tion across the therapeutics pipeline. 
Leveraging machine learning and artificial 
intelligence (AI) to predict drug targets, pre-
dicting the activity of small molecules based 
on 3D molecular and chemical structures, and 
modelling pharmacokinetics and pharmaco-
dynamics, etc., are among the innovations that 
are in use and being further developed to accel-
erate discovery and development of small mol-
ecules and biologics (Borkotoky et al. 2022).

There are also many innovative efforts 
underway to accelerate preclinical development 

and get more accurate initial assessments of 
whether therapeutic products will be safe and 
effective in humans, with less reliance on animal 
models. For decades animal models have been 
the gold standard for selecting therapeutics to 
move into human studies. Because certainty 
about how closely animal models mimic human 
physiology or pathophysiology is elusive, ani-
mal results can be misleading—“Mice lie and 
monkeys exaggerate”—David Weiner, quoted 
by Paul Offit (2017). Reducing animal suffering 
in scientific research to the indispensable mini-
mum is also a driving force here (NIH 2023).

Several innovations are in development as 
alternatives to animal models. They are designed 
to mimic biological systems (the respiratory, 
liver, or gastrointestinal system, for example) 
and how human disease affects them. Potentially 
these innovations can more accurately replicate 
therapeutic toxicity and efficacy in human dis-
ease than animal models. Such approaches 
include 3D cell culture, organoids, and “organs 
on a chip” (OoC). By combining advances in tis-
sue engineering and microfabrication, organs-
on-chips systems are designed to mimic human 
physiology and provide predictive indications of 
candidate therapeutics’ effects on various organ 
systems, elucidating disease states, pharmacoki-
netics, and pharmacodynamics. Linking several 
OoCs together can model the way human 
organs interact in the body, although the human 
body on a chip is still some way off (. Fig. 4).

Regulatory agencies, including the U.S. 
Food and Drug Administration (FDA), have 
indicated a willingness to leverage alternatives 
to animal models to advance therapeutics can-
didates in human clinical studies. The FDA 
Modernization Act 2.0, passed in December 
2022, specifies four advanced technologies, 
including cell-based assays, OoC and micro-
physiologic systems, computer modeling, and 
other methods based on human biology (Han 
2023). Computer modeling is meant to simu-
late physiologic systems in silico, and the com-
plementary use of machine learning can 
inform target identification, pharmacokinet-
ics, toxicity testing, clinical trial design, and 
pharmacogenomics. However, overreliance on 
modeling is unwise since no model can pre-
cisely replicate what it models. By signaling its 
willingness to consider methods other than 
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.       Fig. 4 An illustration from a video at 7 https://
wyss. harvard. edu/technology/human- organs- on- chips/ 
(or 7 https://vimeo. com/116674365), showing how 

organs on a chip can be linked to simulate the interac-
tions of  bodily systems. Further information is on the 
website. (Credit: Wyss Institute at Harvard University)

animal models—methods that may become 
both faster and more predictive of therapeu-
tics in human disease—the FDA has moti-
vated additional innovation in this area, which 
should accelerate and multiply the novel 
agents going into the development pipelines 
for pathogens with pandemic potential.

6.2  Innovation in Clinical 
Development

The traditional clinical development process 
often assessed a single therapeutics candidate 
through pharmaceutical trials at multiple indi-
vidual research sites. Clinical research net-
works focused on specific diseases such as 
HIV/AIDS, or specific populations such as 
children, have advantages in specialized exper-
tise. Still, these networks are often unlinked to 
others and stand up temporary clinical research 
capacity that is not sustained. Adequate pan-
demic preparedness requires networks and 
capacity that are developed, sustained, and 
connected with other networks and the world-
wide research ecosystem. A similar dynamic 
occurs with research sponsored by pharmaceu-
tical companies; there can be a tremendous 

amount of uncoordinated redundancy as com-
panies seek to assess similar products in multi-
ple profit-driven trials. Of course, clinical 
research infrastructure, including personnel, is 
minimal or lacking in many LMICs at greatest 
risk for zoonotic outbreaks (7 Chap. 8).

The optimal strategy for pandemic pre-
paredness is to contain outbreaks at their 
source and prevent them from ever becoming 
pandemics. Along with biosurveillance and 
pathogen identification, the strategy requires 
active clinical research capacity operating 
close to hotspots at high risk for zoonotic out-
breaks (7 Chap. 10). Governments must be 
able to mobilize that capacity quickly to 
respond to outbreaks, calling on global part-
ners as needed and available.

If  prevention at the point of origin fails 
and the outbreak becomes an epidemic or 
pandemic, regional or global clinical trial 
infrastructure must be able to initiate further 
trials that can recruit diverse and special pop-
ulations as trial participants. While the goal 
of well-distributed, responsive clinical trials is 
a vital element of the global call for equity in 
clinical trials capacity, there is a great deal of 
groundwork to be done before the capacity to 
design and conduct scientifically and ethically 
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rigorous clinical trials can be assured in the 
many countries that currently lack such capac-
ity. Moving too quickly could result in clinical 
trials that do not meet Good Clinical Practice 
standards (ICH 2016) or comply with interna-
tional human subject protections, such as 
those developed by the Council of 
International Organisations of Medical 
Sciences (CIOMS 2016). Flawed trials that 
are unlikely to produce results regulators can 
use for decision- making are arguably ipso 
facto unethical, wasting scarce clinical 
research resources and putting trial partici-
pants at risk with no compensating benefits 
(Emanuel et al. 2000).

6.3  Coordinating Emergency 
Clinical Research

Another challenge to research response in 
health emergencies has been the lack of  a 
unified, prioritized research agenda to coor-
dinate strategic alignment of  limited 
resources to support high-quality clinical tri-
als that result in actionable evidence. Most 
clinical trials during the COVID-19 pan-
demic, especially in its earliest months, were 
underpowered, under-resourced, and often 
poorly designed (Bugin and Woodcock 

2021). In response to these challenges, the G7 
produced the G7 Therapeutics and Vaccines 
Clinical Trials Charter (G7 2021) (7 Box 2). 
Following its June 2021 publication, and with 
particular reference to point 1, the UK co-
sponsored a resolution with Argentina and 
Peru at the 70-fifth World Health Assembly 
in May 2022. After negotiation, it was 
approved as WHA Resolution 75.8, 
“Strengthening Clinical Trials to Provide 
High-Quality Evidence on Health 
Interventions and to Improve Research 
Quality and Coordination” (WHO 2022b). 
Likewise the Global Research Collaboration 
for Infectious Disease Preparedness 
(GloPID-R), a consortium of  global funding 
organizations, has invested in enhancing pre-
paredness to implement accelerated research 
response to new or reemerging infectious dis-
eases (7 Chap. 29). In support of  the G7 
Charter, GloPID-R developed a Global 
Clinical Trial Networks and Funders 
Working Group (. Fig. 5).

Building on such conceptual agreements 
about the need for reliable clinical trials with 
actionable evidence, an evolving paradigm 
shift in health security emphasizes that con-
tinuously operating high-quality clinical 
research programs need to be embedded in 
functional health systems that support medi-

Box 2: G7 Therapeutics and Vaccines Clinical Trials Charter
1. To avoid the proliferation of trials that do not 

contribute to valid or actionable scientific evi-
dence, we will prioritize support for random-
ized controlled trials that address key public 
health and clinical needs, are well designed 
and sufficiently sized to generate reliable evi-
dence, are consistent with good clinical prac-
tices and ethical principles and engage our 
citizens to strengthen confidence in science…

2. To avoid unnecessary duplication and pro-
duce valid and actionable evidence more 
efficiently, we will coordinate emergency 
and preparedness research agendas…

3. To enable timely availability of actionable 
information from multi- country clinical tri-

als and to increase the comparability of 
data, we will work with G7 regulators, ethics 
institutions and committees to achieve 
greater harmonization and to streamline the 
regulatory process to act more proportion-
ately to risk…

4. To ensure that we act as quickly as possible 
in response to positive and negative data 
results from clinical trials, we will acceler-
ate the sharing of  data and results so that 
therapeutics proven to be effective and safe 
can be approved by regulatory bodies, 
incorporated into clinical practice guide-
lines and recommended for use in routine 
practice…
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5. To ensure that health and research systems 
can respond quickly and effectively to exist-
ing and emerging threats, we will make pre-
paredness, high quality, ethical research, 
and randomized controlled trials part of 
normal practice within our healthcare and 
research systems. We will support the devel-
opment of the global infrastructure needed 
to allow rapid set-up, coordinated delivery 
of trials, and sharing of emerging findings…

6. To expeditiously advance the development 
and testing of  vaccines, as well as the inves-
tigation of  correlates of  protection and 
therapeutics, we will agree that as soon as 
novel pathogens or viral variants appear 
and become accessible to a G7 country, the 

G7 will rapidly share testing methods, ref-
erence standards and testing materials (as 
they relate to the virus strain) with any 
other G7 country and beyond, via an open 
material transfer agreement…

7. To make vaccine development faster, we 
will work to develop a framework to coor-
dinate testing methodology and share test-
ing materials, wherever possible, in 
response to pandemic threats. Where this is 
not possible, we will seek ways to compare 
the results of  vaccine assessments in clini-
cal trials…

Note: the material deleted from the text 
refers to implementation of  the stated 
goals. Full text 7 here.

cal research in addition to primary, second-
ary, and tertiary care. The desired end state of 
a global research system includes “warm 
base” global clinical trials infrastructure con-
ducting ongoing regulatory-level research. 
Non- emergency, interpandemic research 
should focus on (a) endemic pathogens of 
high public health importance to the locations 
where research is conducted and (b) research 
guided by the prototype pathogen approach 
or similar prioritization rubrics in preparation 
for outbreaks with pandemic potential. Such 
research benefits research participants and 
their communities when successful and thus 
helps build community and national support 
for clinical research. No less important, it 
ensures operational preparedness to pivot to 
emergency research on candidate MCMs 
when outbreaks with pandemic potential 
occur. This will normally require switching to 
a new trial protocol, but most of the elements 
needed for clinical research will already be in 
place (. Fig.  6), obviating the need for a 
scramble to set up infrastructure and train 
personnel as in the Ebola trials in West Africa 
and the Democratic Republic of the Congo 
(DRC) in 2014–2016 and 2018–2020, respec-
tively (7 Chaps. 17 and 32, In Practice 17.1).

An operating global “warm-base” clinical 
trial infrastructure will have much improved 
proximity to (a) endemic diseases for which 

VTD are in development and (b) geographic 
hotspots where zoonotic outbreaks are most 
likely. Warm-base research should focus on 
advancing VTDs for pathogens of global 
health importance, especially malaria, tuber-
culosis, neglected tropical diseases, and 
viruses that can infect but are not easily trans-
mitted among humans. Global support for 
creating warm-base global clinical trial infra-
structure would improve equity, advance 
understanding of diseases with a high global 
health burden and candidate VTDs, and build 
rigorous, regulatory-level clinical research 
capacity where it is now lacking. For hard-
eyed developed- country budgeteers, it would 
erect a robust defense against outbreaks 
becoming epidemics or pandemics that could 
threaten their own countries and cause incal-
culable damage to the world economy and 
population.

There are many challenges, including 
financing, global cooperation, and regulatory 
harmonization, to ensure that emergency 
research response protocols are coordinated 
among countries and can produce results that 
regulators can rely on. Moreover, some patho-
gens, like HIV, TB, and malaria, have stub-
bornly resisted the development of essential 
MCMs. Even a greatly improved emergency 
research response infrastructure cannot guar-
antee successful MCM development against 
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.       Fig. 5 The three goals and 11 accompanying princi-
ples of  the Living Roadmap for Clinical Trials Coordi-
nation (GLOPID-R 2023). FAIR: findability, 

accessibility, interoperability, and reuse of  digital assets; 
CTN clinical trial network(s)
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.       Fig. 6 Major elements of  a fully functional global 
clinical trials ecosystem that could provide high- quality 
evidence on health interventions and improve research 
quality and coordination in both interpandemic inter-
vals and public health emergencies. Such a vision is con-

sistent with WHA Resolution 75.8, “Strengthening 
clinical trials to provide high-quality evidence on health 
interventions and to improve research quality and coor-
dination.” (Figure: Elizabeth S. Higgs)

the next novel pathogen if  it proves similarly 
resistant to prevention and/or treatment. All 
that said, a coordinated, well-resourced, oper-
ational global system for surveillance, patho-
gen identification, and clinical research is an 
investment that will bring rich returns over 
time, not only in lives saved and pandemics 
prevented but in better health for all and pre-
vention of the economic shocks that under-
mined livelihoods during the COVID-19 and 
other pandemics. Achieving this vision 
requires broad support that has often been 
hard to come by, but the case is compelling. 
Disparate countries should be able to support 
master protocols, stringent regulatory review, 
sharing of data and samples, etc. After the 
COVID-19 experience, many countries will 
insist on better future access to newly devel-
oped MCMs, and that needs to be ensured in 
the production phase that follows Phase III 
clinical trials. But we need to pull together to 
resolve shortfalls and overcome obstacles. 
The stakes are life and death, and the pros-
pects of success are better than ever and can 
be better still.

6.4  Innovations in Clinical Trial 
Designs and Approaches

Necessity is still the mother of invention! 
During the 2014–2016 West Africa Ebola out-
break, there were vigorous disagreements 
about essential clinical trial design elements 
like randomization, concurrent controls, and 
placebos. The debates continue, as they 
should, but there is a growing consensus that 
scientific and ethical norms do not change 
during an outbreak, epidemic, or health emer-
gency. Alongside innovations in clinical trial 
design, randomized controlled trials remain 
the prima facie standard for robust results 
(7 In Practice 4.1 and Chap. 22). Human 
trial participant protection is not suddenly 
optional (7 Chaps. 4 and 5). Regulatory 
authorities and data and safety monitoring 
boards (DSMB) maintain their vigilance 
against adverse events in patients (7 Chaps. 
6, 23, and 36). An intensive review by the 
U.S.  National Academies of Sciences, 
Engineering and Medicine of the clinical 
research that took place during the 2014–2016 
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West African Ebola outbreak also endorsed 
the conclusion that randomized controlled 
trials are the most ethical way to allocate lim-
ited resources and the fastest means of obtain-
ing safety and efficacy data on candidate 
therapeutics and vaccines (NASEM 2017b). 
The research response to the 2014–2016 Ebola 
outbreak demonstrated that scientifically rig-
orous, ethical clinical trials could be imple-
mented in least-developed countries with 
minimal infrastructure (Kennedy et al. 2016). 
A few years later, the PAmoja TuLinde 
Maisha (PALM [“together save lives” in 
Swahili]) therapeutics trial in the DRC dem-
onstrated that clinical trials could be con-
ducted to the highest standards even when 
armed conflict among criminal gangs, mili-
tias, and security forces was added to the mix 
(Mulangu et  al. 2019). The data these trials 
provided for licensing vaccines and therapeu-
tics for Ebola led to the first approved treat-
ments and vaccines for Ebola virus disease 
(EMA 2019, 2020; FDA 2019, 2020a, b).

There is now a growing list of innovative 
approaches to clinical trial design and execu-
tion as research is recognized as an essential 
element of preparedness and response to 
health emergencies.

The Randomised Evaluation of  Covid-
19 Therapy (RECOVERY) trial employed 
the approach shown in the third row of 
. Table 1 during COVID-19 (7 In Practice 
14.1). The pragmatic clinical trial design 
with a simple primary endpoint (mortality), 
embedded as a national priority in the UK 
National Health Service, made critical early 
contributions to identifying therapeutics 
suitable for hospitalized COVID-19 patients 
by demonstrating a significant mortality 
benefit of  dexamethasone in patients receiv-
ing invasive mechanical ventilation in hos-
pital (RECOVERY Collaborative Group 
2020). The result surprised many intensiv-
ists and pulmonary critical care specialists, 
since trials using immunosuppressants for 
ARDS had been negative for over 15 years. 
Despite the absence of  a placebo group and 
the ability of  unblinded physicians to select 
randomization arms for their patients, the 
number of  patients enrolled made the result 
statistically compelling.

6.5  Appropriate Trials During 
Emergencies

The COVID-19 pandemic highlighted the 
need for large-scale, well-designed random-
ized clinical studies structured by a master 
protocol. The intent of  global master proto-
cols was to rapidly accelerate the develop-
ment of  safe, efficacious, novel prophylactics 
and treatments against SARS-CoV-2 infec-
tion. A master protocol incorporates easily 
adaptable trial designs into existing infra-
structure to evaluate multiple agents simulta-
neously or sequentially. Agents can be 
selected for evaluation in different popula-
tions. Agent prioritization should be based 
on the estimated likelihood of  positive clini-
cal outcomes (Buchman et al. 2021; LaVange 
et al. 2021). Other criteria for ranking agents 
to move into clinical trials should include 
biologic, logistical, and safety consider-
ations, as well as manufacturing capacity and 
supply chains.

A master protocol reduces the time taken 
to design and complete studies, enabling 
global comparisons to generate evidence to 
determine the relative effectiveness of  treat-
ments generalizable to a broad global popu-
lation. Platform trials are multi-arm, 
enduring clinical trials that allow compari-
son between multiple investigational agents 
and allow trial arms to be dropped or added 
mid-trial to improve efficiency and stop giv-
ing agents that appear to be ineffective or 
unsafe to patients. Two interesting platform 
approaches in curating priorities for clinical 
research are exemplified by the Accelerating 
COVID-19 Therapeutic Interventions and 
Vaccines (ACTIV) and RECOVERY clinical 
trials.

6.5.1  The Accelerating COVID-19 
Therapeutic Interventions 
and Vaccines (ACTIV) 
Partnership

Accelerating COVID-19 Therapeutic 
Interventions and Vaccines (ACTIV) was a 
public-private partnership created to acceler-
ate the development of SARS- CoV- 2 vac-
cines, therapeutics, and diagnostics  
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(7 Chap. 15). The ACTIV Therapeutics 
Working Group was tasked with developing 
master platform protocols and a rigorous sys-
tem to analyze preclinical and clinical data to 
select candidate investigational products for 
the master protocol. The working group, 
composed of both government and industry 
scientists, selected networks (and networks of 
networks) to design and implement multiple 
platform protocols for outpatients and inpa-
tients, focused on both host and viral targets. 
Interim analyses by a data and safety moni-
toring board (DSMB) of accumulating data 
throughout the study determine whether 
agents demonstrate either futility or lack of 
safety and should be discontinued, preserving 
resources for more promising agents.

Agents demonstrating early evidence of 
efficacy can proceed to larger, confirmatory 
studies or to regulatory submission if  there are 
sufficient data (. Fig. 7). Platform efficiencies 
include the ability to share or pool placebo 
control arms for comparison to multiple agents 

and the use of intermediate efficacy, futility, 
and safety assessments so only the most prom-
ising agents go forward into full enrollment, 
while fewer promising candidates are rejected 
early. This helps minimize overlapping or 
redundant work on parallel protocols. The 
adaptive elements of stopping treatment arms 
based on unfavorable or very favorable interim 
monitoring results increase the efficiency of 
the master protocol trial design. However, out-
come-adaptive randomization may be statisti-
cally inefficient compared to trials with equal 
randomization and can result in a lack of 
interpretability (Korn and Freidlin 2017).

6.5.2  The RECOVERY Trial
The RECOVERY trial was an investigator- 
initiated, nationally prioritized, individually 
randomized, open-label, controlled trial to 
evaluate the efficacy and safety of a range of 
putative treatments in patients hospitalized 
with COVID-19 (7 In Practice 14.1 and 
15.1). Most eligible patients were randomly 

.       Fig. 7 Agent entry and progression through the TICO 
(Therapeutics for Inpatients with COVID-19) study. The 
TICO study allows for multiple agents to be studied con-
currently and for agents to enter the study at different 
times. In the theoretical scenario presented in this figure, 
Agent (a) is the only agent available for randomization at 
the beginning of the study. Later, Agent (b) and Agent (c) 
enter the study, and new participants can be randomized to 
all three agents (and placebo). Agent (a) completes recruit-
ment in Disease Stratum 1, and, after the initial futility 
assessment by the independent DSMB (using the day 5 
ordinal outcome), the agent is approved to also include 
those in Disease Stratum 2 (i.e., those with end organ dis-
ease, including requirements for invasive mechanical venti-

lation or extracorporeal membrane oxygenation [ECMO]). 
Agents (b) and (c) enter the study at the same time, but 
after Agent (a), both progress to the initial futility assess-
ment. However, only Agent (b) receives DSMB approval to 
proceed, and randomization to Agent (c) ceases. Agents (a) 
and (b) continue to recruit in both disease stratum 1 and 2 
and undergo additional interim safety, efficacy, and futility 
assessments (using the primary endpoint) at subsequent 
full DSMB meetings before undergoing a final review of 
safety and efficacy (using the primary endpoint) when 
recruitment is complete (graphically represented by the 
image of scales). The placebo group may be shared across 
multiple agents (not graphically represented). (Figure and 
caption (adapted) from Murray et al. (2021))
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allocated between the standard of care with 
no additional treatment and one of several 
active treatment arms. However, the treating 
physician could allocate patients to a particu-
lar treatment arm. New treatment arms were 
subsequently added to assess agent efficacy in 
different patient populations and novel inter-
ventions. RECOVERY benefited from a clini-
cal research network embedded within the 
National Health Service (NHS) and run by 
NHS staff  in England. The trial was also 
coordinated with the health services in 
Northern Ireland, Scotland, and Wales, 
enabling UK-wide deployment of a random-
ized controlled trial protocol across a very 
large hospital network, allowing tens of thou-
sands of patients to participate across various 
health settings, including community hospi-
tals. The RECOVERY trial did not have pre-
specified rules of when therapies should be 
added or removed, as is common in platform 
trials. The study relied on its DSMB to advise 
when to stop enrollment for efficacy or futil-
ity. Based on the mortality endpoint, the study 
design did not include enough information on 
pathophysiology, such as biomarkers that 
could inform future novel mechanistic 
approaches to COVID-19 therapeutics. This is 
a tradeoff between a simple, large pragmatic 
trial and smaller trials with more intensive 
patient sampling and visits. Both are needed 
in the context of a health emergency and a 
novel pathogen.

6.5.3  Great Flexibility Is Needed 
for Conducting Clinical Trials 
During a Pandemic

A move toward decentralized clinical trials in 
multiple locations may improve the adaptabil-
ity of clinical design and should provide addi-
tional data for improving the design of 
adaptable platform trials. One big advantage 
of this approach is that adequately powered 
trials are essential for making important dis-
coveries. They should be completed in time 
for the findings to help control the outbreak 
or pandemic that requires an emergency 
research response. A well-designed study that 
enrolls thousands of patients can answer vital 
questions with confidence more quickly than 

a smaller one. Larger studies can also charac-
terize comorbidities since they are more likely 
to have statistically useful numbers with par-
ticular comorbidities. However, these studies 
require complex logistics and may be prohibi-
tive in cost. They require both design simplic-
ity and a pragmatic approach and cannot 
screen as many of the most promising drugs 
as smaller studies. Smaller studies with more 
intensive analysis of participants’ responses 
to the disease and interventions can provide a 
better understanding of pathophysiology, 
viral persistence, viral clearance, and disease- 
specific considerations in certain patient pop-
ulations. Promising interventions that reflect 
the specific needs of the patient population 
and are readily implementable are then priori-
tized.

6.5.4  Populations That Have Been 
Underrepresented in Past 
Clinical Research

Populations that have been underrepresented 
in past clinical research may have been 
excluded to protect them from risk since they 
were adjudged more vulnerable, e.g. pregnant 
woman, children, neonates, or populations 
who live in places where clinical trials were 
few and far between. However, these popula-
tions need to be included to assess whether 
they can safely use and benefit from the prod-
ucts that emerge from research. Including spe-
cial populatoins may require different 
infrastructure or novel approaches to ensure 
participant follow-up and safety monitoring. 
These populations include also vulnerable 
individuals at risk of severe disease, e.g. older 
adults who may benefit from pre-exposure or 
post-exposure prophylaxis. One novel 
approach to reach remote, rural, populations 
without access to research sites for evaluatoin 
of the efficacy and safety of repurposed agents 
for patients not requiring hospitalization is 
“no-touch” trials, such as ACTIV 6 
(NCT04885530). ACTIV 6 included neces-
sary rigorous elements of research, such as 
randomization and placebo controls while 
using creative outreach to rapidly enroll 
COVID-19 patients who might not be inter-
ested in participating in research if  required to 
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physically present to a clinic or research site. 
ACTIV 6 was particularly important in 
addressing popular misconceptions that cer-
tain agents like ivermectin were effective for 
COVID-19 (Naggie et al. 2023). ACTIV 6 was 
able to rapidly demonstrate a lack of efficacy 
for a variety of repurposed agents thought by 
some segments of the population to be effec-
tive. The ACTIV 6 trials produced robust evi-
dence to counter these misbeliefs, and patient 
populations and physicians could be guided 
to alternative, effective therapies. It is espe-
cially important to dissuade outpatients at 
high risk for progression to hospitalization 
from using ineffective and sometimes danger-
ous drugs, such as older patients and those 
with comorbidities such as diabetes, obesity, 
hypertension, etc. No-touch trials are particu-
larly attractive for the enrollment of diverse 
racial and ethnic groups living where access to 
medical and research facilities may be limited.

Pregnant and lactating women, children, 
and infants should not be overlooked as they 
often have been, including in the major 
COVID-19 vaccine trials in 2020 (Beigi et al. 
2021). Rather, they should be considered vul-
nerable people who also need treatments and 
prophylactics and should be included in 
research studies from the outset. A retrospec-
tive look at various pandemics and epidemics 
will show that certain populations are at 
higher risk for severe disease in each pan-
demic. In the 1918 “Spanish” influenza, for 
example, young adults had especially high 
mortality, while older adults were less severely 
affected (van Wijhe et al. 2018). Children and 
pregnant women have additional mortality in 
Ebola virus disease (Gomes et  al. 2017). In 
COVID-19, older adults experienced a sharply 
higher incidence of morbidity and mortality 
than younger people, while children were 
much less likely to suffer severe disease. In the 
2009 H1N1 influenza pandemic, obesity was 
noted for the first time to increase risk of 
severe influenza alongside other known 
comorbidities. At the outset of a new  epidemic 
or pandemic it is not known which demo-
graphic and health characteristics are risk fac-
tors for severity. It is critical to evaluate the 
first several hundred patients to ascertain high 
risk groups (Simonsen et al. 2018). The inclu-

sion of children in healthcare research remains 
important to ensure that evidence can be gen-
erated about how best to address their health 
needs. The risk and benefit assessment of clin-
ical interventions derived from adult trials 
cannot be readily extrapolated to children. 
Pediatric studies should be conducted in par-
allel with adult efficacy trials rather than 
delaying them until adult efficacy is estab-
lished.

6.5.5  A Large Global Network
A large global network is essential for rapid 
recruitment and generalizable results in an 
emergency, especially since case rates during 
epidemics and pandemics fluctuate spatially 
and temporally in unpredictable ways; sever-
ity, for example, may vary with population 
genetics and/or immunity. A broad range of 
clinical sites across multiple countries results 
in a demographically diverse study popula-
tion, ensuring any beneficial treatments iden-
tified through clinical trials have broad 
applicability. An efficient global research eco-
system established through a master protocol 
can be leveraged through existing infrastruc-
ture and establishing standardized practice. 
The need for standardized practice and 
reporting may come across obstacles in the 
form of regulatory and ethical review pro-
cesses of the country in which trials take 
place—processes with which they must com-
ply. Varying regional and national regulatory 
requirements can thus present a major chal-
lenge to a nimble, efficient clinical trial ecosys-
tem operating in multiple countries. 
Establishing large-scale national and interna-
tional clinical trial infrastructure with stan-
dards and master protocols accepted by all 
trial sites and relevant authorities in each 
country is a major step toward real global 
readiness for expeditious clinical research that 
can provide rapid, effective clinical impact on 
a global scale.

7  Regulatory Innovation

Global platform protocol trials require inter-
actions with many regulatory agencies. Many 
national regulators use the rigorous stan-
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dards of  the International Council for 
Harmonisation of  Technical Requirements 
for Pharmaceuticals for Human Use (ICH) 
as clinical trial requirements (ICH 2023). 
Nevertheless, during COVID-19 every coun-
try required an individual regulatory review 
and approval. For example, ACTIV proto-
cols began with FDA approval, which varied 
in approval time from weeks to months. After 
ACTIV received FDA concurrence that a 
protocol was safe to implement, regulatory 
approvals in other countries were sought, 
although ACTIV made efforts to obtain 
accelerated approval from the European 
Medicines Agency (EMA). Then, despite 
EMA approvals, each European Union 
country had to provide its own approval. In 
the case of  ACTIV 3, sponsors varied by 
country and were facilitated by the University 
of  Minnesota, working with WHO 
International Coordination Centers. Due to 
this slow, sequential process, recruitment for 
the trial had already closed by the time the 
protocol received regulatory and ethical 
approval in some countries. Given the effort, 
paperwork, and time spent reviewing the 
protocol by many persons and organizations, 
this was enormously frustrating to investiga-
tors.

This kind of sequential approval process 
slows the start of any large global trial enor-
mously. Global goals calling for safe and 
effective vaccines and therapeutics within 
100 days are aspirational but will be impossi-
ble under the current fragmented global regu-
latory system. To make a rapid research 
response possible, better collaboration among 
national and regional regulatory agencies is 
imperative. Discussions and efforts are under-
way to overcome these roadblocks with much- 
needed innovations in regulatory coordination 
(Califf  2023; EMA 2023).

8  Manufacturing and Delivery 
in Therapeutics Preparedness 
and Response

Ensuring that the social value created by 
research is available to all populations who 
may benefit—in this case from novel interven-

tions in a health emergency—requires focused 
innovation and investment in manufacturing, 
allocation, distribution, and “last-mile” deliv-
ery to people. There are many discussions and 
initiatives being generated in 2023 with the 
end goal of improving MCM production and 
distribution, since the global community has 
made the production at scale and more equi-
table delivery of MCMs in a health emergency 
a high priority. Whether it is considered inte-
gral to the research response or the next step 
after the research response, this is a complex 
ecosystem with many entities interacting and 
not always having the same goals, so nothing 
should be assumed. A pandemic can immobi-
lize economies, transport, workforce, and so 
on, challenging the best-laid plans for manu-
facturing and delivery. There are ways to 
anticipate and manage at least some of the 
likely bottlenecks:

 5 Government-subsidized, “at-risk” manu-
facturing of MCMs before they complete 
trials, with the understanding they will not 
be used unless cleared by regulators, but 
manufacturers will not bear the cost of 
production

 5 Advance marketing agreements to de-risk 
development costs, incentivize pharma-
ceutical companies, and compress the time 
needed for delivery and use of novel prod-
ucts

 5 International understandings or commit-
ments by producing countries and firms 
that they will set aside a specified portion 
of pandemic MCMs for global rather than 
national needs

Stockouts should be anticipated in health 
emergencies. One of the goals of the proto-
type pathogen approach is to stockpile ade-
quate supplies of candidate therapeutics that 
have been assessed through clinical trial Phase 
IIa. These will initially be needed only in the 
moderate quantities needed for large-scale 
safety and efficacy studies, generally less than 
100,000 courses. Another approach being 
pursued following the pandemic is to develop 
manufacturing capacity globally, making it 
more likely that adequate supplies of products 
can be made available on all continents (Far-
low et al. 2023).
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9  Multitasking

Response to an outbreak sparked by a patho-
gen with pandemic potential should begin 
early, since that is the best hope of preventing 
a pandemic. Confirmation of such an out-
break, especially identifying a new pathogen, 
defines the moment to pivot the clinical 
research capacity to emergency research 
response. When that occurs, speed is para-
mount. Business as usual is not sufficient. 
Lives are at stake from the disease outbreak, 
and many more are at risk if  the pathogen 
spreads to cause an epidemic or pandemic. 
Moreover, as we have seen during COVID-19 
and in smaller epidemics like Ebola in West 
Africa, infectious disease events can severely 
harm healthcare systems, depriving people of 
treatment for other diseases and for accidents 
(Lal et al. 2021; Nuzzo et al. 2019). Essential 
economic functions aside from health care, 
such as food and energy production and dis-
tribution, education, and the service sector, 
can be shut down to a greater or lesser degree. 
Loss of income and curtailed social interac-
tion threaten social cohesion.

The standard pharmaceutical develop-
ment timeline is designed to reduce the risk of 
wasting resources on products that will not 
work. That timeline, as we have seen, is inad-
equate to the demands of a public health 
emergency. Research response accepts 
enhanced risk—risk to investments, not to 
research participants, patients, or the public—
to accelerate research and development. For a 
disease that is not new but causes periodic, 
deadly outbreaks, like Ebola, the emergency 
research response may be the only opportu-
nity to assess the safety and efficacy of MCMs 
that must be tested against circulating dis-
eases. Even during an emergency caused by a 
novel pathogen, like SARS-CoV-1  in 
2002–2003, public health measures may end 
the emergency before clinical trials can begin, 
certainly trials on a traditional timeline 
(Finlay et  al. 2004; Muller et  al. 2004). In a 
global pandemic with daily death tolls in the 
thousands or tens of thousands, the need for 
urgency is self-evident.

Accelerating therapeutics development 
during an emergency involves collapsing sev-

eral steps into one. All eight steps in the thera-
peutics development pipeline (. Fig.  1) can 
be concomitantly accelerated, with innova-
tions in each step enhancing an enabling envi-
ronment and performing steps in parallel 
rather than in sequence. The research response 
goals are to contain outbreaks at their source, 
reduce direct mortality and morbidity, and 
prevent severe dysfunction in essential social 
systems (7 Chap. 3). These three goals should 
drive the emergency research response.

A strategic research agenda is essential 
and should be agreed upon as soon as the nec-
essary information about the pathogen and 
disease is in hand, but subject to change to 
accommodate new findings. In a localized 
outbreak or epidemic, the host country where 
the outbreak takes place has the primary lead-
ership role. Clear leadership over the research 
response will include pivoting to domestic 
clinical research infrastructure responsive to 
host country leadership. Ideally clinical 
research capacity is adequate, with ongoing 
regulatory-level trials, and linked to a global 
clinical trial network, which can quickly bring 
resources and additional expertise to the out-
break at hand. Having agreements on research 
conduct and logistics in place with the host 
government beforehand helps minimize legal 
and policy obstacles. Clarity on leadership 
roles and responsibilities will avert disagree-
ments and confusion. Without such clarity 
and well-meaning research responses, endeav-
ors can engender chaos, with multiple research 
groups implementing underpowered studies, 
resulting in confusion in the community with-
out producing actionable results. Like wars, 
life-threatening emergencies require com-
mand, control, communications, and intelli-
gence (scientific findings in this case). Advance 
preparation empowers and informs country 
leadership. Existing research capacity, opera-
tional regulatory and ethics boards, and emer-
gency planning help a country transition 
quickly to ongoing dialogue with the affected 
communities and society members.

If preparedness is effective, all eight steps of 
the development pathway (. Fig. 1) can move 
concurrently towards research response. In the 
case of a novel pathogen, it will likely be from a 
known viral family. If current aspirations are 
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realized, candidates who have been through 
Phase IIa dose-finding clinical studies will be 
available. Anticipated pathogen mutations, 
immune escape, and resistance will be 
accounted for in study designs. Primed global 
clinical trial capacity responsive to host coun-
try priorities can rapidly adapt or write proto-
cols. Regulatory agencies, ethics boards, and 
communities anticipating emergencies will 
implement preapproved procedures. Previously 
engaged communities and advisory boards can 
assist with communications, social mobiliza-
tion, and community engagement. When 
research systems, preparedness, clarity of lead-
ership and governance, and inclusion of many 
voices have been well thought through, planned, 
and preferably exercised in simulations, research 
response can be executed calmly and swiftly. 
Prepared manufacturing capacity can begin 
advanced manufacturing with confidence that 
it will not suffer financially if its product is not 
useful. Following the eight steps in . Fig. 1 in 
a strict sequence is not an option when an 
emergency ensues. Public-private partnerships 
will be important to realize this vision, to 
ensure coordinated innovation between public 
and private sectors and to contribute to a strong 
global clinical trial infrastructure.

10  Listen to Many Voices

Accelerating the development of therapeutics 
from “bench to bedside” requires the inclusion 
of many voices to achieve an envisioned state 
of therapeutics preparedness. The inclusivity 
of stakeholders (all those who affect or are 
affected by the research) will have a profound 
impact on research progress, outcomes, and 
impact. The impact of even safe and effective 
products can be limited by poor uptake; hesi-
tancy or mistrust can mean the difference 
between acceptance and use or rejection of 
therapeutics, frequently a matter of life and 
death. Usage of Paxlovid, a highly effective 
antiviral protease inhibitor developed for 
COVID-19, has been variable by region and 
population in the United States, with physi-
cians hesitant to prescribe it or not well 
informed about its efficacy, and many patients 
reluctant to take it. In a utilization analysis, 

Paxlovid usage correlated with state vaccina-
tion rates, indicating that antiviral usage hesi-
tancy correlated with vaccine hesitancy 
(Murphy et al. 2022). It has been postulated 
that mortality rates in some nation-states, e.g., 
high mortality in Bulgaria vs. low mortality in 
Denmark, are related to popular acceptance 
of vaccines and therapeutics (Matveeva and 
Shabalina 2023). The need to include many 
voices cannot be overstressed; this means gen-
uine dialogue between researchers, public 
health officials, practicing healthcare provid-
ers, and other stakeholders, formalized as 
Good Participatory Practice principles and 
practice (7 Chap. 18). Biomedical researchers 
should not view GPP simply as an aid to 
recruitment. Inclusivity of many voices spans 
the spectrum from bench to bedside to sur-
rounding communities.

Implementation of GPP is practiced espe-
cially well in the HIV/AIDS research commu-
nity, where the GPP principles originated. 
At-risk communities are already invested in 
research, and those now living with HIV have 
been able to do so thanks to the therapeutics 
developed since the disease appeared in 1981. 
Trials enroll quickly, HIV-positive individuals 
are represented on protocol teams, and they 
facilitate recruitment, advocate for research 
funding and scientific progress, and eagerly 
expect therapeutic advances from the research 
they advocate. In the COVID-19 response, 
despite the demonstrated success of GPP in 
other circumstances, efforts to include com-
munities in the research were largely limited to 
recruitment efforts. The integration of 
research into the NHS in the UK has enabled 
broader inclusion and awareness of research 
by both patients and physicians.

In general, early inclusion of communities 
engenders greater confidence in research results 
in both doctors and patients, resulting in 
greater uptake and greater benefit in curtailing 
infectious disease. Implemented to the extent 
possible, preparation, multitasking, and inclu-
sivity enable rapid, coordinated action to accel-
erate therapeutics development and uptake 
when a crisis occurs—starting with plans, 
resources, systems, and qualified people in 
place to act. Preparedness therapeutics research 
should integrate communities into the entire 
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research process. Ultimately the impact of 
MCMs on an outbreak, epidemic, or pandemic 
is contingent on their being used. Neglecting 
good participatory practice during prepared-
ness will hamper research response. In response 
to a health emergency, the leadership should 
resist the temptation to put off GPP during a 
crisis or health emergency. Communication, 
dialogue, and engagement of communities are 
more important in a crisis than under normal 
circumstances when participation in research 
and trust in research results is essential.

11  Summary

Bench to bedside, equitable access to safe, 
effective products, and leveraging therapeu-
tics for treatment, prevention, and prophy-
laxis will contribute to health security and 
mitigate the morbidity and mortality from 
future emerging and reemerging infectious 
diseases. These goals are attainable, even for 
novel pathogen X. Yet global health security 
remains an unrealized vision. A strong global 
research and health system supported by a 
political and scientific alliance is a work in 
progress. Ensuring therapeutics preparedness 
for both known and unknown pathogens 
with pandemic potential is possible, but a 
clear vision of  what the therapeutics pre-
paredness state should be is an essential first 
step. With such a vision informing innovation 
in all steps of  the bench-to-bedside develop-
ment pathway, improvement from the current 
status quo is not a speculative venture but an 
achievable goal—assuming the scientific, 
political, and financial sectors work to bring 
it to fruition.

? Discussion Questions
 1. What are the steps in the therapeutics 

development process from bench to 
bedside?

 2. What is needed to attain an ideal thera-
peutics preparedness state? What would 
such preparedness be able to provide?

 3. Provide examples of  applying what we 
have learned from past therapeutics 

development to future research 
responses to infectious disease patho-
gens.

 4. Neither therapeutics for pathogens 
with pandemic potential nor therapeu-
tics for pathogens disproportionately 
impacting the poorest countries have 
fared well in a market-driven therapeu-
tics economy. How can this be reme-
died? What are some of  the efforts now 
underway?

 5. What innovations are being developed 
to accelerate preclinical development 
by enabling faster, more accurate initial 
assessments of  whether therapeutic 
products will be safe and effective in 
humans, with less reliance on animal 
models?

 6. What can innovation in clinical devel-
opment contribute to pandemic pre-
paredness?

 7. The COVID-19 pandemic highlighted 
the need for large-scale, well-designed 
randomized clinical studies structured 
by a master protocol.
 (a) Describe the advantages of  global 

master protocols.
 (b) Name two interesting platform 

approaches to emergency clinical 
trials.

 (c) Why do populations that have been 
underrepresented in past clinical 
research need to be included?

 (d) Describe some advantages of  an 
operational global clinical 
research network.

 8. What are some ways to guard against 
delays in regulatory review?

 9. What measures are now under consid-
eration to ensure that the social value 
created by research is available to all 
populations who may benefit from 
novel interventions in a health emer-
gency?

 10. Discuss how to multitask therapeutics 
development during an emergency.

 11. Why is it important to implement 
Good Participatory Practice (GPP) 
principles even in an emergency?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The principles guiding the design of the 
Randomised Evaluation of COVID-19 
Therapy Trial (RECOVERY)

 5 Elements essential to the implementation 
of the trial

 5 The potential benefits of streamlined point-
of- care clinical trials in low- and middle-
income settings

1  Introduction

Clinical trials of therapeutics are challenging 
even at the best of times, and, until recently, 
the barriers to high-quality clinical trials dur-
ing health emergencies have seemed almost 
insurmountable. The routine burden of trial 
design, financing, ethical and regulatory 
approvals, contracting, drug supply, informa-
tion and technology (IT) systems, training, 
etc., are compounded by extreme time pres-
sures, political and operational constraints, 
and unpredictability.

At least 3000 coronavirus disease 2019 
(COVID-19) treatment trials, evaluating hun-
dreds of different therapies, have been planned 
since the start of the pandemic, and over 500 
have reported results, but nearly all have been 
too small to provide answers clear enough to 
guide clinical practice or direct future research. 
As a result, we have been dependent on rela-
tively few large trials to produce most of the 
reliable data on COVID-19 treatment. The 
RECOVERY Trial (Randomised Evaluation 
of COVID-19 Therapy) is the largest. At the 
time of writing, it had enrolled over 48,500 

patients and produced clear answers on 11 
therapies (RECOVERY trial 2023).

2  Early Foundations for COVID-19 
Trials

2.1  Randomized Controlled Trials

The International Severe Acute Respiratory 
and Emerging Infections Consortium 
(ISARIC) is a global, grass-roots federation 
of clinical research networks established in 
2009 to improve clinical research for epidemic 
and pandemic infectious diseases (ISARIC 
2020). Through ISARIC, trusted peer-to-peer 
relationships have been established that 
allowed a rapid, collaborative response to the 
emergence of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). In the 
early days of 2020, clinical researchers within 
ISARIC worked together, utilizing experience 
with Middle East respiratory syndrome coro-
navirus (MERS-CoV) in Saudi Arabia, to 
support the rapid launch of therapeutic trials 
in COVID-19 in China. These included the 
very first randomized controlled trial in 
COVID-19 (Cao et al. 2020) and the very first 
placebo-controlled randomized trial (Wang 
et  al. 2020). The rapid containment of 
COVID-19  in China meant that these trials 
did not achieve sufficient enrollment to pro-
vide definitive answers. Still, they did establish 
expectations for the rigorous study of thera-
peutics in COVID-19. As COVID-19 spread 
globally, the experience and achievements of 
these early trials in China informed the deci-
sion to fund and support the RECOVERY 
trial (. Fig. 1).
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       . Fig. 1 Recovery logo 
and representation of 
SARS- CoV- 2. (Nuffield 
Dept of  Medicine,  
Oxford)

3  Principles

The design of RECOVERY was predicated 
on the recognition that most treatment effects 
are modest (perhaps reducing risk only by 
about one quarter), but such effect sizes on 
important outcomes would be very worth-
while, for example, a reduction of “only” 
15–20% in the risk of death in patients hospi-
talized with COVID-19. A few principles were 
followed to reliably identify or rule out such 
treatment effects in the context of the 
 pandemic.

 5 It needed to be randomized to ensure sys-
tematic errors (biases), such as those intro-
duced when patient characteristics 
influence the treatment they receive, were 
substantially smaller than the treatment 
effect to be measured. RECOVERY ini-
tially compared multiple treatment arms 
with a shared control group and latterly 
used factorial randomization, in which 
patients are randomized to active treat-
ment or usual care independently for each 
of the suitable study treatments. These fea-
tures have meant that each patient contrib-
uted to an average of two treatment 
comparisons, doubling the effective size of 
the trial.

 5 It needed to be large to ensure systematic 
errors were substantially smaller than the 
treatment effect to be measured. Many tri-
als, especially for diseases that are hard to 
study, apply various techniques to reduce 
the required sample size. These techniques 

include unrealistic effect sizes (such as a 
50% reduction in mortality) or surrogate 
measures for meaningful clinical end-
points. COVID-19 was a pandemic of an 
acute viral illness with mortality concen-
trated in older patients with comorbidities: 
case numbers were unlikely to be limiting 
factors and “miracle” drugs resulting in 
large reductions in mortality were also 
unlikely. In the context of a pandemic 
likely to infect a large proportion of the 
world’s population, modest effect sizes, 
such as a 20% reduction in mortality, could 
have a huge overall benefit. As such, a 
large trial was both desirable and feasible.

 5 It needed to be quick. Therapeutics for epi-
demic infections can only be fully evalu-
ated during an epidemic. The pandemic 
was moving very quickly, and previous 
experiences with the initial outbreak in 
Wuhan and other epidemic infections have 
shown that speed is of the essence if  the 
infection wave is to be caught and suffi-
cient patients enrolled to provide reliable 
answers.

 5 It needed to be simple. Given the need for 
speed and scale, coupled with enormous 
impending stresses on the healthcare sys-
tem and healthcare workers, simplicity was 
a necessity. The trial was designed to have 
minimal impact on frontline healthcare 
staff. Simplicity was achieved by simulta-
neously going back to first principles and 
fully utilizing new opportunities, such as 
data linkage. Due to the impracticality of 
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implementing a placebo-controlled design 
for multiple agents across hundreds of 
sites quickly, the objective and easily mea-
surable clinical endpoint of survival was 
chosen.

Eligibility criteria were simple and trial pro-
cesses (including paperwork) were minimized. 
The protocol was deliberately flexible so that 
it was suitable for a wide range of settings, 
allowing:

 5 A broad range of patients to be enrolled in 
large numbers, including children and 
pregnant women

 5 Randomization between only those treat-
ment arms that are both available at the 
study-site hospital and not believed by the 
enrolling doctor to be contraindicated 
(e.g., by co-morbid conditions or concom-
itant medications)

 5 Treatment arms to be added or removed 
according to the emerging evidence

 5 Additional sub-studies could be added to 
provide more detailed information on side 
effects or sub-categorization of patient 
types, but these were not the primary 
objective and were not required for partici-
pation

4  Implementation

RECOVERY was established at unprece-
dented speed. The first draft of the protocol 
was available on March 10, 2020, it was sub-
mitted for regulatory and ethics review on 
March 13, received both approvals on March 
17, and enrolled the first patient on March 19. 
Consequently, RECOVERY fully captured 
the first wave of COVID-19 in the UK, with 
the first 1000 patients recruited within 2 weeks 
and over 10,000 within 2  months. We have 
estimated that a delay of 2  weeks (starting 
recruitment on 8 April) would have missed the 
first 2500 recruitments and delayed the final 
dexamethasone results by 4  months (from 
mid-June to mid-October) (. Fig. 2).

4.1  Infrastructure 
and Implementation

The RECOVERY trial captured the entire 
first wave of infections in the UK and enrolled 
more than 500 patients per day across about 
175 clinical sites at its peak. This achievement 
owed much to the simplicity of design but 
also to the unique UK health research infra-

       . Fig. 2 RECOVERY 
trial recruitment over 
time. (Authors)
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structure and environment. Four critical ele-
ments were:
 1. A national, publicly funded healthcare sys-

tem, the National Health Service (NHS). 
This national, standardized infrastructure 
enabled some key efficiencies. A single eth-
ical committee could provide approval 
that was accepted by all NHS hospitals, 
without needing individual, site-level ethi-
cal approval. Due to similarities in con-
tractual and legal structures, a single 
standard clinical trial agreement was 
acceptable to all sites.

 2. A national, publicly funded health research 
infrastructure, the National Institutes of 
Health Research (NIHR): The NIHR was 
established in 2006 to create a health 
research infrastructure within the NHS. It 
is funded by the UK Government. The 
NIHR supports clinical research nurses 
and other vital resources for research 
delivery within the NHS.  In 2012, in 
response to the poor research response to 
the 2009 influenza pandemic, the NIHR 
created a portfolio of hibernating studies 
that were given the status of “Urgent 
Public Health” (UPH) studies. This status 
was reenacted in 2020 and a process was 
initiated to designate Urgent Public Health 
Research Studies for COVID-19 
(Ustianowski and Harman 2022). The des-
ignation was via an application to the 
NIHR Urgent Public Health Group. 
UPH- designated studies were prioritized 
for support by the NIHR infrastructure 
and staff. These fast- tracked, prioritized 
COVID-19 studies placed the UK at the 
forefront of global efforts to establish 
effective treatments against the disease.

 3. Centralized leadership through Chief 
Medical Officers (CMOs): The UK has 
four CMOs, one for each constituent 
nation (England, Wales, Scotland, and 
Northern Ireland). These four CMOs 
communicated with one another at least 
weekly during the pandemic and sup-
ported a coordinated response, including 
health research. RECOVERY was desig-
nated as a national priority clinical trial. 
On April 1, 2020 the four CMOs, along 
with the NHS National Medical Director, 

sent a joint letter to all NHS hospitals ask-
ing that “every effort is made to enroll 
COVID-19 patients in the national priority 
clinical trials.” The letter further stated, 
“While it is for every individual clinician to 
make prescribing decisions, we strongly dis-
courage the use of off-licence treatments 
outside of a trial, where participation in a 
trial is possible. The use of treatments out-
side of a trial, where participation was pos-
sible, is a wasted opportunity to create 
information that will benefit others. The evi-
dence will be used to inform treatment deci-
sions and benefit patients in the immediate 
future.”1

 4. A national, standardized digital health 
records system—NHS Digital: Using link-
age to national healthcare and viral statis-
tics records for the measurement of trial 
outcomes reduces the need for data collec-
tion by local teams and improves the com-
pleteness of follow-up, improving the 
reliability of study outcomes. This also 
allows low-cost, long- term follow-up.

5  Impact and International 
Expansion

Within just over 100  days of opening, 
RECOVERY provided clear results that 
enabled three changes in global clinical prac-
tice: hydroxychloroquine, dexamethasone, 
and lopinavir-ritonavir. The results of 
RECOVERY had a major impact on global 
COVID-19 treatment guidelines and have 
been accepted by multiple regulatory 
 authorities, including the U.S. Food and Drug 
Administration.

The early success of  RECOVERY led to 
requests to open the trial outside the 
UK.  While the healthcare systems in most 
other countries do not have the advantages 
of  the UK, the international expansion of 
RECOVERY, particularly to low- and 
middle- income settings, is a test case for the 

1 7  https://www.cas.mhra.gov.uk/ViewandAcknowl-
edgment/ViewAlert.aspx?AlertID=103012.
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wider use of  streamlined clinical trial designs 
to fast- track improvement in healthcare 
globally. Successful expansion outside of  the 
UK was demonstrated by the evaluation of 
higher dose dexamethasone in COVID-19, 
where more than half  of  the participants 
were recruited from low- and middle-income 
settings (RECOVERY Collaborative Group 
2023).

Streamlined point-of-care clinical trials 
offer many benefits, but ensuring the accept-
ability of  the results to regulatory authori-
ties is critical (Califf  et  al. 2022). 
Proportionate risk adaptations were neces-
sary in order to implement RECOVERY 
quickly and widely, and they have proven 
largely acceptable to regulators who have 
provided market authorization for new treat-
ments for COVID-19 based on the results of 
RECOVERY.

? Discussion Questions
 1. What are the guiding principles in the 

design of  the RECOVERY trial?
 2. Provide examples illustrative of  the 

inherent flexibility of  RECOVERY.
 3. Describe the critical elements that facili-

tated the implementation of  the 
RECOVERY trial.

 4. How would one conduct similar stud-
ies outside the United Kingdom?
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IV

Research Response
Mosoka P. Fallah  

Overview of Book Section IV: Several aspects of research response to 
infectious disease emergencies are described, providing both a 
review of recent experience and principles for improvement.

David Wholley et al. (7 Chap. 15) explain the origins and organiza-
tion of Accelerating COVID-19 Therapeutic Interventions and Vac-
cines (ACTIV), a U.S. public-private partnership created in response 
to COVID- 19. ACTIV implemented a national research agenda for 
systematic, rigorous development of MCMs, culminating in well-
designed clinical trials and emergency use authorization of several 
therapeutic agents, including direct acting antivirals and biologics. 
While ACTIV organized research in a country with an extremely 
diverse health system, Nick Lemoine et  al. (7 In  Practice 15.1) 
describe the advantages of a unified health system for integrating 
research into infectious disease emergency response, and how they 
leveraged the UK National Health System to conduct prompt, rigor-
ous research that produced safety and efficacy data on therapeu-
tics, informed public health policy, and shaped patient care practice.

Rigorous research on response to an outbreak may well be most 
needed where it is hardest to implement. Rebecca Katz et  al. 
(7 Chap. 16) illustrate how conflict and state fragility can under-
mine population resistance to infectious disease while hindering 
response and suggest systemic changes to improve global pre-
paredness. Carol Han et al. (7 In Practice 16.1) highlight the work of 
the USAID Bureau for Humanitarian Assistance and its partners in 
responding to health emergencies in fragile states, where a human-
itarian disaster may precede an outbreak and help it spread, or the 
outbreak may engender a humanitarian emergency. Mosoka Fallah 
(7 Chap. 17) gives us a detailed picture of how the Liberian and U.S. 
governments worked together to implement an urgent research 
program in response to the 2014–2016 West Africa Ebola outbreak, 
cooperating in a low-income country still recovering from civil con-
flict. Their PREVAIL partnership demonstrated that a rigorous and 
ethical research response can be conducted even when most of the 
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requirements are not immediately available. Experience during the 
2014–2016 outbreak helped Richard Kojan and his colleagues at 
ALIMA (7 In Practice 17.1) learn how effective clinical research and 
patient care could be carried out together, each building on and 
improving the other. They applied their experience during the 
2018–2020 Ebola outbreak in the eastern Democratic Republic of 
the Congo, providing patient care and working with research staff 
to implement a successful Ebola therapeutics trial.

Clinical research response requires meaningful, equitable partner-
ships with all those who can affect or will be affected by clinical tri-
als. Whether it is called good participatory practice (GPP) or social 
mobilization, communications, and community engagement (SMC), 
there are many reasons why respectful dialogue with the commu-
nity is an indispensable part of research in an emergency, no matter 
how urgent the many other demands on the research team’s time. 
Robert Sorenson et al. (7 Chap. 18) provide an account of GPP in 
practice, while Michelle Andrasik and colleagues (7 In Practice 18.1) 
focus on engagement between researchers and communities when 
there is no present emergency. Rhys O’Neill and David Cyprian 
(7 In Practice 18.2) describe how they adapted social analytics tech-
niques to support Ebola virus disease research response in Liberia 
and the eastern DRC.  Ian Crozier (7 Chap. 19) explains a vital but 
often low- profile area of infectious disease research—elucidating 
the natural history of a disease, including mechanisms of infection, 
pathology, and patient immune response—information vital to 
developing MCMs and clinical practice guidelines (CPGs) during 
public health emergencies. Donna Jacobsen et  al. (7 Chap. 20) 
explain how natural history and other emerging evidence are 
turned into CPGs that provide timely, useful guidance vital to good 
clinical care for patients, both before and after MCMs begin to 
become available.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The purpose, scope, and organization of 
ACTIV, the public-private partnership 
devoted to Accelerating COVID-19 Thera-
peutic Interventions and Vaccines

 5 The need for close collaboration between 
government and private companies and 
what challenges the COVID-19 pandemic 
posed to the fulfillment of ACTIV’s mis-
sion

 5 ACTIV studies conducted and compounds 
evaluated

 5 Key successes and lessons learned, includ-
ing what features of the ACTIV response to 
COVID-19 are useful lessons for a future 
pandemic

1  The ACTIV Mission Begins

The call came on a Saturday in late March of 
2020. Nearly 100,000 cases of coronavirus dis-
ease 2019 (COVID-19) had been reported in 
the United States, with about a thousand con-
firmed deaths (CDC 2020), and the scale of 
the threat posed by the pandemic was becom-
ing ever more evident. The urgent need for a 
focused research effort by the U.S. govern-
ment (USG) to reduce morbidity and mortal-
ity and slow the growth of the pandemic had 
become all too apparent. The scale of the 
public health emergency required innovative, 
expedited research, leveraging both public 
and private scientific capabilities and 
resources. Though early development of vac-
cines—which was to become the defining suc-
cess of the U.S. response to the virus—was 
underway, it would be mid-May before 

Operation Warp Speed would be established 
to fully coordinate funding and logistics for 
vaccine trials, and many scientific and regula-
tory questions as to the conduct of these trials 
remained to be answered. The situation in 
therapeutics was considerably less promising.

Hundreds of preclinical and human clini-
cal studies of potential treatments had already 
begun at biopharmaceutical companies, aca-
demic institutions, and government laborato-
ries across the world. They would number in 
the thousands by August 2020. But the vast 
majority of these clinical studies—about 95% 
by Food and Drug Administration (FDA) 
estimates (Bugin and Woodcock 2021)—were 
small, non-randomized, underpowered 
efforts, often driven by individual investiga-
tors, that lacked the rigor and scale to deliver 
credible results. More than a few of these were 
duplicative—including several hundred stud-
ies being conducted on hydroxychloroquine 
(Pearson 2021).

A collaborative effort by both government 
and the private sector to accelerate research 
on therapeutics and vaccines, leveraging the 
resources for scientific innovation and 
research of the U.S. government, academia, 
and the private sector in well-planned trials, 
promised a better way forward. ACTIV was to 
become the closest thing the United States 
had to a national research agenda for thera-
peutic countermeasures to COVID-19, coor-
dinating well-designed trials that could come 
to well-founded conclusions on the efficacy or 
futility of particular therapies. As Bugin and 
Woodcock (2021) point out, “a therapeutic 
trial ecosystem should possess two key capa-
bilities … a robust screening mechanism … 
[and] a system to rapidly and efficiently gener-
ate definitive, highly actionable information 
on safety, efficacy and target population, of a 
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quality that would be deemed acceptable by 
regulators.” There was no such system in place 
in the United States in April 2020.

NIH Director Francis Collins had made 
the urgent weekend call to the Foundation for 
the National Institutes of Health (FNIH), 
created by Congress to facilitate innovative 
research that supports the NIH mission. 
Collins said it was time to launch a public-
private research partnership in record time 
that could coordinate and synergize the emer-
gency research response to COVID-19.

Urgent action on this scale required the 
ability to take advantage of existing resources 
wherever possible, including personal rela-
tionships and structures formed in previous 
biomedical research partnerships. Fortunately, 
several successful models for such a partner-
ship were available, particularly the 
Accelerating Medicines Partnership (AMP) 
(NIH 2014), which had brought together 
 government, academic, and pharmaceutical 
company scientists over the previous 6 years 
to tackle the characterization of disease path-
ways and drug targets in Alzheimer’s, diabe-
tes, and other major diseases. Taking 
advantage of extensive U.S. government funds 

already being pledged to combat the pan-
demic and expanding on the AMP model, the 
scientific leaders of four government agencies 
(ultimately eight), 12 biopharmaceutical com-
panies (ultimately 20), and several nonprofit 
organizations rapidly assembled for an April 3 
teleconference to agree on the strategy and 
structure for a similarly focused research 
response to the pandemic.

The ACTIV leadership (. Fig.  1) also 
conducted a significant campaign of outreach 
to other research response initiatives. Several 
of these were established prior to ACTIV: 12 
pharmaceutical companies had formed the 
COVID Research and Development (R&D) 
Alliance in March 2020 (COVID R&D 
Alliance 2021), launching their own effort to 
identify assets that could be repurposed for 
ongoing trials. The Bill & Melinda Gates 
Foundation also launched its COVID-19 
Therapeutics Accelerator to consider global 
testing of repurposed drugs (Suzman 2020). 
Representatives from both efforts were imme-
diately incorporated into ACTIV. In addition, 
ACTIV leadership shared information and 
research strategies early on with the leaders of 
the UK’s COVID-19 research efforts.
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2  Working Groups

The ACTIV leadership quickly decided to 
focus on four major objectives and to assem-
ble corresponding Working Groups (WGs) to 
execute them: a Therapeutics-Clinical WG, 
Clinical Trial Capacity WG, Preclinical WG, 
and Vaccines WG (. Fig. 2). The leaders of 
the partner organizations asked over 100 sci-
entists to join the ACTIV scientific team. 
They represented a broad range of disciplines, 
including virology, immunology, structural 
biology, pharmacology, toxicology, biostatis-
tics, clinical trial management, and bioinfor-
matics. Each WG was to be co-chaired by one 
senior scientist from NIH and one from a 
company (NIH 2021a). Seizing on an unpar-
alleled spirit of openness and collaboration, 
the group also decided to share all their know- 
how and data, including much that would 
normally have been deemed proprietary, 
openly and promptly among all participants. 
The NIH Director sent personal invitations to 
serve on the Working Groups directly to each 
WG nominee within the following week. The 
partnership, called ACTIV (Accelerating 
COVID-19 Therapeutic Interventions and 

Vaccines), was formally launched and fully 
operational by April 17 (Collins and Stoffels 
2020).

2.1  Preclinical Working Group

2.1.1  Charge
The Preclinical WG (PCWG) was charged 
with standardizing and sharing preclinical 
evaluation resources and methods and accel-
erating testing of candidate therapies and vac-
cines to support entry into clinical trials. Its 
focus was on

 5 Establishing a centralized process and 
repository for harmonizing and sharing 
methods and evaluating animal models

 5 Extending access to high-throughput 
screening facilities, especially in biosafety 
level 3 (BSL-3) labs

 5 Increasing access to validated animal 
models

 5 Enhancing comparison of approaches to 
identify informative assays

 5 Generating a process to assess viral vari-
ant effects on vaccines and therapeutics 
(NIH 2020c)

       . Fig. 2 Another view of  the focus areas that defined the working groups. (By permission of  FNIH (FNIH 2020))
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COVID-19 posed numerous obstacles to 
preclinical research, which the ACTIV PCWG 
sought to address. To take one example, by 
April 2020 there was already a shortage of 
animals most relevant to SARS CoV-2 
research, especially nonhuman primate 
(NHP) species, such as African green mon-
keys and rhesus macaques—shortages result-
ing both from demand for their use in the 
burgeoning number of COVID-19 research 
studies and from cross-border restrictions on 
animal transport imposed during the pan-
demic. Working closely with the leadership of 
NIH and its seven National Primate Research 
Centers, the PCWG developed a National 
Strategy for NHP Research designed to stew-
ard the remaining supply of primates and cen-
trally coordinate studies that required their 
use, including the creation of a master proto-
col design for NHP studies (Coronavirus Vac-
cine and Treatment Evaluation Network 
2020).

In parallel, the WG developed a master 
inventory of both in-vitro and in-vivo research 
resources for use by the partnership, estab-
lished standard operating procedures (SOPs) 
for accelerating preclinical agent development 
in response to pandemics (Grobler et  al. 
2020), published a review of appropriate ani-
mal models (Hewitt et  al. 2020) and two 
online “field guides” to help researchers use 
animal models in COVID-19 medical coun-
termeasure development (NIH 2020a), and 
created a public database for sharing preclini-
cal data generated by NIH- and company- 
funded studies via the National Center for 
Advancing Translational Sciences (NCATS) 
Open Science Portal (NIH/NCATS 2020b). 
The PCWG also posted a set of fact sheets on 
preclinical testing resources on the Portal 
(NIH/NCATS 2020a), using it to power a 
matchmaking process that paired resources 
and potential funding sources with the spon-
sors of agents that had been prioritized in col-
laboration with the TCWG.

As the pandemic progressed, the rise of 
viral variants and their potential to increase 
the transmission of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) and 

to blunt the effectiveness of vaccines and ther-
apeutics became a critical obstacle to attempts 
to end the pandemic. In February 2021 the 
PCWG established a specific initiative to help 
monitor the global emergence and circulation 
of SARS-CoV-2 mutations. This initiative, 
dubbed TRACE (Tracking Resistance and 
Coronavirus Evolution), brought together the 
resources of the NIH National Center for 
Advancing Translation, the National Library 
of Medicine and National Center for 
Biotechnological Information, and a number 
of ACTIV biopharmaceutical company part-
ners to collect initial sequence data and cross 
reference them against databases of experi-
mentally or clinically characterized variants at 
CDC and elsewhere (NIH 2021c). TRACE 
characterized variants that it had prioritized 
using both in  vitro and in  vivo analysis. 
Results were shared publicly on a weekly basis 
with the entire scientific community. TRACE 
was coordinated with surveillance and testing 
efforts at other U.S. government agencies. As 
the tasks that comprised the original mission 
of the PCWG were completed and its focus 
turned wholly to variants, the PCWG as an 
entity was essentially replaced by TRACE in 
August 2021.

2.2  Therapeutics Clinical Working 
Group

2.2.1  Charge
Prioritize therapeutic agents for testing within 
an adaptive master protocol strategy that will 
be jointly designed by the partnership and 
quickly launched in networks identified by the 
Clinical Trial Capacity Working Group (NIH 
2020d).

2.2.2  Screening Candidate 
Therapeutics

The most pressing need in responding to the 
pandemic was to establish a systematic 
approach to evaluating possible COVID-19 
therapeutics, with the first task being to select 
which out of hundreds of potential drug candi-
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dates should be advanced for clinical trials or 
preclinical testing. The ACTIV Therapeutics- 
Clinical WG (TCWG) assembled an Agent 
Prioritization Subgroup (. Fig.  3) that devel-
oped and then continually refined a rapid, 
robust process for identifying potential candi-
dates, assembling uniform dossiers of relevant 
data, and conducting a systematic, unbiased 
evaluation of each agent (Buchman et  al. 
2021). ACTIV deliberately cast a wide net: the 
subgroup considered antiviral agents, neutral-
izing antibodies, immunomodulators, and 
symptomatic/supportive therapies, such as 
antithrombotics and host- targeted agents; it 
aimed these at different target populations, 
including outpatients and inpatients infected 
with SARS-CoV-2.

The first wave of agent prioritization, 
which was focused on identifying existing, 
already approved candidates, was necessarily 
opportunistic. An initial candidate list of 
some 450 agents was assembled using a 
mixture of public databases of potential 
COVID- 19 treatments that had begun to 
appear by mid-April 2020, and additional lists 
were solicited from several collaborators. 
Some 170 of these agents were either fully 

approved or had been submitted to the FDA 
for Investigational New Drug (IND) authori-
zation to go into human trials. These agents 
were deemed by the subgroup as potentially 
ready for clinical testing in COVID-19 patients 
and were then assigned to a small team of 
reviewers for further triage. Besides examining 
safety and efficacy data and the availability of 
enough active pharmaceutical ingredients for 
both a clinical trial and eventual treatment of 
large patient populations post-approval, 
reviewers made an extensive effort to deter-
mine whether there were already sufficiently 
robust trials of a given agent underway so that 
additional trials would not be duplicative. The 
39 agents that emerged from triage went 
through a blinded, formal scoring process by 
individual reviewers using preestablished cri-
teria and then a final evaluation in common 
by the entire Subgroup, resulting in the selec-
tion of three immunomodulators and three 
antithrombotic agents for the first set of clini-
cal trials. This initial wave was completed in 
3 weeks (Buchman et al. 2021).

Agents that were not selected were not 
simply discarded but often deferred for addi-
tional evaluation later, as more data on the 

       . Fig. 3 An overview of  the sources used to identify 
agents for prioritization in the ACTIV master protocols. 
The clinical therapeutics fall into four categories (antivi-
rals, immunomodulators, supportive therapies, and neu-

tralizing antibodies). The activities of  the prioritization 
team also included refining the process and criteria, 
scoring the candidates, and assessing logistical needs. 
(NIH 2020d)
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agents became available. (None of the antivi-
ral agents considered in the first wave of eval-
uation were prioritized, for example, largely 
due to insufficient or conflicting preclinical or 
early clinical SARS-CoV-2 data at the time.) 
A second and third wave of prioritization 
efforts focused respectively on neutralizing 
antibodies and other novel agents in develop-
ment or not adequately evaluated in the first 
wave. Several innovations were quickly added 
to the evaluation process for these later waves. 
ACTIV launched a public online survey por-
tal to encourage the global scientific commu-
nity to nominate additional agents and to 
provide a more automated means of collect-
ing and disseminating the related drug data 
packages to reviewers (NIH 2021b). The 
review panels were supplemented with addi-
tional expertise to support evaluations of spe-
cific classes of agents; both scoring criteria 
and ways of categorizing outcomes were fur-
ther refined. Because many of the nominated 
agents were at an earlier stage of drug devel-
opment and required further preclinical inves-
tigation, the TCWG prioritization team began 
coordinating its evaluations with a similar 
team established by the Preclinical WG which 
could connect sponsors with the most promis-
ing early-stage therapies with appropriate pre-
clinical research resources to advance them 
towards the clinic. Between mid-April 2020 
and the beginning of 2022, the TCWG evalu-
ated more than 800 agents from some 250 
sources and moved 33 into ACTIV clinical tri-
als.

2.2.3  Clinical Trials
The second—and equally urgent—task faced 
by ACTIV was to implement rigorous clinical 
trials to test these therapies. The TCWG 
established a separate Master Protocol Design 
Subgroup of  experts to select how trials would 
be designed and the specific populations in 
which they should be conducted. Given the 
large number of potential candidate drugs in 
multiple classes to be tested and the need to 
test them in diverse populations exposed to 
COVID-19, traditional single-drug trials were 
judged early on to be infeasible. Instead, the 
group turned to an intense effort to rapidly 
design a set of master protocol trials. Although 

master protocols typically take longer to plan 
and launch than single-drug trials, they have 
the significant advantage of allowing multiple 
drugs at different stages of development to be 
tested simultaneously using a single overarch-
ing protocol (LaVange et al. 2021). They can 
also accommodate a streamlined regulatory 
approval framework encompassing both 
Phase II interim evaluations of safety and 
efficacy and Phase III registrational designs, 
with shared controls in many cases. Drugs 
may be dropped for futility or safety reasons 
and replaced relatively quickly with new can-
didates (Woodcock and LaVange 2017).

Consulting frequently with the FDA, an 
integrated team of pharmaceutical company, 
academic, and government statisticians exam-
ined protocols from existing COVID-19 trials, 
including ACTT, REMAP-CAP, and I-SPY 
COVID as input to designing each ACTIV 
trial (Beigel et al. 2020; I-SPY COVID-19 trial 
2020; REMAP-CAP Investigators et al. 2021). 
They carefully selected and aligned endpoints 
across multiple protocols using the then- 
current (albeit rapidly evolving) understand-
ing of COVID-19. They ensured each trial 
would be adequately powered while being 
executed with maximum speed and efficiency. 
Randomized, double-blind designs were cho-
sen for all of the trial arms (except for 
ACTIV- 4A, an inpatient trial of anticoagu-
lants, which used a pragmatic design), incor-
porating the use of matching placebo and 
standard of care (where feasible), common 
controls, and a mixture of frequentist and 
Bayesian statistical approaches to evaluating 
efficacy (LaVange et al. 2021).

Although a single master protocol can 
often take more than a year to develop and 
launch, ACTIV launched a total of ten master 
protocols in the 14 months from the announce-
ment of the partnership in mid-April 2020 
through mid-June 2021. These were grouped 
and designated with numbers according to 
when protocol planning was initiated. A total 
of 33 distinct therapies were tested in these tri-
als over the next 2 years.

By mid-2022, ACTIV had completed test-
ing on 29 agents (. Table  1) and generated 
significant findings on their efficacy in specific 
patient populations. Six of these showed com-
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pelling evidence of benefit. ACTIV-1 showed 
that hospitalized patients taking either of two 
immune modulators, infliximab (Remicade) 
and abatacept (Orencia), experienced sub-
stantial improvement in mortality and in clin-
ical status at 28  days over those taking a 
placebo. Two monoclonal antibodies—bam-
lanivimab and a cocktail of Brii 196/198—
were proven to be effective in outpatients in 
the ACTIV-2 study, although they failed to 
show significant benefit in hospitalized 
patients receiving remdesivir. Lilly applied for 
and received an emergency use authorization 
(EUA) for bamlanivimab; Brii applied for an 
EUA for the 196/198 mAb cocktail based on 
the data from ACTIV-2 (Brii Biosciences 
2021). In addition, the monoclonal antibody 
cocktail from AstraZeneca, AZD7442 
(Evusheld, a combination of tixagevimab and 
cilgavimab), was shown to be effective in 
ACTIV-2 with a benefit in all-cause mortality 
in hospitalized patients being treated with 
remdesivir (ACTIV-3 TICO Study Group 
2022). Combined with data from two non- 
ACTIV studies, REMAP-CAP and ATTAC, 
the ACTIV-4A trial found therapeutic dose 
anticoagulation superior to prophylactic dose 
in reducing the need for vital organ support in 
moderately ill hospitalized patients. In con-
trast, full-dose anticoagulation did not reduce 
the need for organ support in severely ill 
(ICU) patients. Just as important for clinical 
practice, 15 agents were shown to be ineffec-
tive against COVID-19. These and other 
results from the ACTIV trials were subse-
quently incorporated into the NIH’s 
COVID- 19 treatment guidelines.

Having achieved their stated aims—and in 
response to the changing nature of the pan-
demic—the ACTIV-1, ACTIV-2, ACTIV-3, 
ACTIV-3B, ACTIV-4B, ACTIV-4C, and 
ACTIV 5 studies closed to enrollment in early 
2022. Additional results are expected from the 
remaining protocols.

2.3  Clinical Trial Capacity Working 
Group

2.3.1  Charge
Develop an inventory of clinical trial capacity, 
including networks from NIH Institutes and 
Centers and clinical research organizations 
(also known as contract research organiza-
tions or CROs), that will serve as potential 
settings in which to implement effective 
COVID-19 clinical trials. The working group 
completed its charge as of July 31, 2020.

2.3.2  Clinical Trials in Early 2020
The environment for launching clinical trials 
in the first months of the COVID-19 pan-
demic was daunting. SARS-CoV-2 infections 
spread rapidly and unevenly across different 
geographies: many hospitals that could serve 
as potential trial sites were overwhelmed with 
admissions one month and experienced steep 
declines in case counts the next. Hospitals 
were not only coping with unpredictable 
surges of patients, but they were also figuring 
out how best to treat a new and sometimes 
enigmatic disease. Competition for investiga-
tors and other trial staff  with the many exist-
ing COVID-19 studies posed a particular 
challenge. The need to engage multiple 
existing trial networks—especially the large 
networks already established by NIH—was 
clear, but these would have to be supple-
mented with additional sites and resources 
from CROs, Site Management Organizations 
(SMOs), and other networks to accrue a suf-
ficient number of patients quickly enough to 
address the shifting course of the pandemic. 
NIH lacked even a single comprehensive data-
base of the sites available in its own networks, 
much less those in external networks, and the 
need to understand which specific sites had 
both the capability and available capacity to 
conduct additional studies was urgent.
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2.3.3  The ACTIV Clinical Trial 
Capacity WG (CTCWG)

The ACTIV CTCWG was formed explicitly 
to address the challenge of  launching trials 
amidst a global crisis. Working closely with 
the TCWG, it conducted an international 
survey of  potential COVID-19 clinical trial 
networks and sites to assess site capabilities 
and readiness to conduct additional trials 
and continuously shared the results with the 
master protocol design teams. By August, 
the CTCWG had collected data from 63 dif-
ferent trial networks and 39 CROs and 
SMOs, including data on 725 distinct trial 
sites. These data were combined with geo-
graphic mapping, COVID-19 disease inci-
dence data, and visualization capabilities 
into a unique geotracking tool that has 
enabled the ACTIV Therapeutics and 
Vaccines Clinical Trial Working Groups to 
choose the most effective networks and sites 
to support ACTIV master protocols and 
associated trials. As of  mid- 2022, the ACTIV 
clinical trials had collectively enrolled more 
than 21,000 patients using more than 620 
sites across the U.S. and internationally. The 
companies represented in ACTIV also gen-
erously shared with all ACTIV WGs a com-
pendium of  their strategies for enhancing 
the conduct of  trials during a pandemic, 
including specific trial strategies for deploy-
ing virtual, digital, and online technology 
solutions.

2.3.4  Clinical Trial Innovations 
and Resources

The working group created a reference guide 
for novel clinical trial innovations along with 
a resource map of available solutions to help 
enable the safe and efficient conduct of 
ACTIV clinical trials under the unique condi-
tions imposed by the COVID-19 pandemic. 
Working group members worked with health-
care professionals conducting clinical trials 
sponsored by ACTIV and its partners to iden-
tify useful solutions for ACTIV clinical trials 
(NIH 2020b).

2.4  Vaccines Working Group

2.4.1  Charge
Accelerate the evaluation of vaccine candi-
dates by supporting harmonized clinical effi-
cacy trials and a parallel effort to generate 
biomarkers and other evidence for more rapid 
approval/authorization (NIH 2021d).

2.4.2  Harmonized Clinical Trials
With NIH and BARDA actively planning to 
conduct COVID-19 vaccine trials soon after 
the SARS-CoV-2 virus was characterized, a 
forum was urgently needed to review and 
decide a number of critical scientific, regula-
tory, and policy questions. The Vaccines 
Working Group (VWG) included high-level 
representation from NIH, the FDA, the 
European Medicines Agency (EMA), and 
leading academic and industry experts. Ten 
pharmaceutical companies were represented, 
including five COVID-19 vaccine developers 
that advanced candidates to Phase III trials: 
AstraZeneca, Janssen, Moderna, Novavax, 
and Pfizer. The ability of several of these vac-
cine developers to combine access to trial sites 
established by NIH across the globe with 
implementation at their own sites helped 
make these trials successful.

Among its first accomplishments, the 
VWG developed harmonized protocols with 
common symptomatic endpoints for the vac-
cine efficacy trials funded through the 
Biomedical Advanced Research and 
Development Authority (BARDA) and NIH 
and established the needed scale for Phase III 
testing to compare trial results. Correlates of 
protection could be analyzed across all trials 
(Corey et al. 2020). The working group ana-
lyzed potential regulatory pathways for vac-
cine introduction, including criteria for EUA 
of vaccines and evidence to support acceler-
ated vaccine approval. Two manuscripts pub-
lished by the VWG addressed complex, 
controversial scientific issues with profound 
public health implications: the scientific and 
operational challenges of developing con-
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trolled human infection trials (Deming et al. 
2020) and the potential threat posed by 
immune-associated disease enhancement 
(Haynes et al. 2020). The working group also 
examined approaches to evaluating vaccine 
safety and efficacy in pregnant and pediatric 
populations; proposed ways to evaluate the 
impact of vaccines on transmission; assessed 
the implications of vaccine efficacy for future 
trials; and recommended approaches to evalu-
ating the use of vaccines in immunocompro-
mised patients.

2.5  ACTIV-Associated Efforts

NIH carried on many of its own COVID-19 
research efforts in addition to the ACTIV 

Partnership. Although they benefited from 
the scientific policy work of the VWG, the 
operations of the USG’s trials of SARS- 
CoV- 2 vaccines were carried out by NIAID in 
collaboration with BARDA and Operation 
Warp Speed. NIH also sponsored and con-
ducted a number of trials of various therapies 
outside of the ACTIV partnership. In many 
cases these benefited from the resources and 
knowledge established by the ACTIV WGs, as 
well as from strategic scientific perspectives 
contributed by the ACTIV Leadership Team, 
and became known as “ACTIV-Associated 
Trials” (. Table  2). On the other hand, the 
efforts to develop diagnostics for COVID-19 
were managed by a separate NIH initiative, 
RAD-X (NIH 2021d), which is fully described 
elsewhere in this volume (7 Chap. 11).
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3  Organizing ACTIV

Making all of this happen in the context of a 
public health emergency required consider-
able organization and intensive communica-
tion. A Leadership Team, consisting of the 
heads of NIH and several of its Institutes, 
senior leadership from the other government 
agencies and nonprofits involved, and global 
heads of research and development from each 
company was established following the first 
ACTIV meeting in April 2020. In June, a sub-
set of the team, the Executive Committee, 
convened to ensure nimble, timely decision- 
making. Co-chaired by NIH Director Francis 
Collins and Paul Stoffels, Chief Scientific 
Officer of Johnson & Johnson, these two 
groups met every 2  weeks, guided overall 
strategy, liaised with other COVID-19 
research efforts, and provided specific direc-
tion to the Working Groups. Senior leader-
ship remained fully engaged throughout. 
Although the companies contributed drugs 
for the trials as well as expertise, Operation 
Warp Speed (OWS) provided funding through 
NIH to support preclinical testing and clinical 
testing of therapeutics (Slaoui et al. 2020); its 
Therapeutics Head, Janet Woodcock, served 
as a key member of the ACTIV Executive 
Committee. Once OWS was formally estab-
lished in mid-May 2020, liaisons from its 
operations were added to all the ACTIV WGs. 
The WGs, their sub-teams, and the groups 
leading each of the ACTIV clinical trial pro-
tocols met at least weekly and often more fre-
quently, and the NIH Director convened a 
daily “war room” meeting involving FNIH 
and NIH research staff  working on all aspects 
of the pandemic response to monitor opera-
tions and address obstacles in real time.

Ensuring the participation of diverse pop-
ulations in both the vaccine and therapeutic 
trials, especially in minority and underserved 
communities, was a particular focus of 
ACTIV and ACTIV-related research efforts. 
NIH senior leadership, including NIH 
Director Collins and NIAID Director 
Anthony S. Fauci and their staffs, frequently 
met leaders of the major vaccine companies 
throughout the summer and fall of 2020 to 

emphasize the importance of including racial 
and ethnic groups disproportionately affected 
by the virus. In therapeutics, the ACTIV clini-
cal trial leads teamed up with two govern-
ment-led efforts to boost minority enrollment: 
(1) the NIH Community Engagement Alliance 
Against COVID-19 Disparities (CEAL) com-
munity outreach initiative and (2) HHS’s 
online information portal, Combat Covid. As 
of June 2021, the participation rate of people 
of color in the major vaccine trials ranged 
between 26 and 37%—a big improvement 
over original projections, if  still somewhat 
below the national proportion of people of 
color in the U.S. population. The participa-
tion rate of people of color across all ACTIV 
therapeutics trials averaged 53%.

Given all these efforts, it was not uncom-
mon for ACTIV to generate 40 or 50  hour-
long weekly meetings. Most of the ACTIV 
scientists were volunteers, and many contin-
ued to perform their normal responsibilities 
in parallel with supporting the partnership. 
Strong, persistent, and centralized project 
management was therefore essential. This was 
provided by four senior program management 
staff  at FNIH under the leadership of David 
Wholley, supported by eight to ten project 
managers from Deloitte Consulting under 
contract to FNIH, who constituted the 
Central Project Management office that 
planned agendas, ran meetings, provided doc-
umentation and communications support, 
followed up on critical action items, and 
helped troubleshoot problems on a daily basis 
in an atmosphere of rapid, constant change. 
This team and the coherence it provided to 
ACTIV were critical to success.

4  Conclusions

Not everything worked, of course; there were 
many lessons learned from ACTIV that 
should inform future pandemic responses. As 
effective as ACTIV was in coordinating a 
national research response to COVID-19, 
particularly in therapeutics, it could not sin-
glehandedly overcome the lack of a single, 
nationally coordinated system in the U.S. for 

370 D. Wholley et al.



19

conducting clinical research (Angus et  al. 
2021). Despite the example set by ACTIV 
master protocols, ACTIV continued to com-
pete with other trials for patients. Some of 
these were of sufficient quality to provide 
actionable data for regulators, but others, 
many of them continuing studies by individ-
ual investigators or institutions, were inade-
quately powered or designed. U.S. hospitals 
proved to be completely unprepared to cope 
with the enormous surge in COVID-19 
patients (UCSF 2021), resulting in critical 
shortages of supplies, staff, and resources to 
conduct many needed trials despite consider-
able efforts by OWS and the ACTIV trial 
teams to address the problem. Although 
CTCWG and other efforts succeeded in bring-
ing a number of smaller hospitals into the 
effort, the hybrid networks put together to 
conduct the ACTIV master protocols were 
largely reliant on larger academic medical 
centers. They had difficulty recruiting trial 
sites from smaller community hospitals where 
many COVID patients were being treated 
(McNay et  al. 2021). Although ACTIV was 
able to accelerate the process of contracting 
with sites and networks, it was still largely 
subject to prevailing policies and processes 
established by individual government and pri-
vate sector entities before the pandemic. 
Standardized, streamlined contracting tem-
plates for national health emergencies would 
have been helpful.

Some commentators maintained that 
ACTIV and other U.S. government initiatives 
overemphasized the clinical development of 
vaccines, neutralizing antibodies, and intrave-
nous therapies at the expense of novel oral or 
inhaled antiviral drug candidates (Zimmer 
2021). The reality is that through mid-2021 
only a few of the latter had adequate safety or 
efficacy data to enter clinical testing, and 
those few were identified for testing either in 
ACTIV protocols or advanced into company 
trials. In June 2021, the White House 
announced the Antiviral Program for 
Pandemics (NIAID 2021), a $3.2 billion effort 
to further accelerate the development of anti-
viral therapies for SARS-CoV-2 and other 
viruses with pandemic potential, which 

included additional funding for preclinical 
development of promising antivirals. Efforts 
such as these to create a robust pipeline of 
qualified, early-stage candidates for antiviral 
therapies will be critical to prepare for future 
pandemics.

Given the scope and depth of its accom-
plishments and the speed with which they 
were executed, ACTIV remains a model for 
how national research efforts may be gov-
erned effectively in the setting of a public 
health emergency. While organization and 
focus were important, the most critical reason 
for ACTIV’s success ultimately lay in the will-
ingness of the many individuals involved, 
including senior leaders, to share their exper-
tise and dedicate countless hours of their time 
to the urgent pursuit of common goals with-
out regard for commercial gain, personal 
credit, or institutional agendas. Perhaps the 
greatest lesson to be learned is the need to 
maintain the kind of relationships and orga-
nizational infrastructures exemplified by 
ACTIV to deploy a similarly effective response 
to the next—perhaps inevitable—pandemic.

? Discussion Questions
 1. What aspects of  the COVID-19 pan-

demic created the need for close col-
laboration between government and 
private companies?

 2. What challenges did the consequences 
of  the pandemic pose to the fulfillment 
of  ACTIV’s mission?

 3. What was unique about the ACTIV 
partnership compared to other 
responses to global health threats?

 4. What features of  the ACTIV response 
to COVID-19 would be important to 
replicate in responding to a future pan-
demic? Beyond what ACTIV has done, 
are there additional steps that should 
be taken? What are they?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Advantages conferred on a study by an 
Urgent Public Health (UPH) designation in 
the UK

 5 Performance monitoring measures devel-
oped by researchers to implement their 
UPH study

 5 How the UK COVID Therapeutics Advi-
sory Panel and Open Submission Systems 
contributed to assembling a portfolio of 
UK platform studies

 5 Roles of the Therapeutics Taskforce
 5 UK successes in mitigating the COVID-19 

pandemic

1  Introduction

1.1  UK Healthcare Landscape

The United Kingdom (UK) comprises 
England, Scotland, Wales, and Northern 
Ireland. Since 1999, powers for health have 
been devolved from the Westminster UK 
Parliament to the constituent countries of the 
UK: to the Scottish Parliament, Welsh 
Assembly, and Northern Ireland Assembly, 
while the UK Parliament also governs 
England. The National Health Service (NHS), 
established in 1948, operates across the UK. It 
is one of the most comprehensive health sys-
tems worldwide, providing free care at the 
point of delivery to over 66 million people 
from cradle to grave. NHS services are pro-
vided in primary, community, and acute set-
tings.

The National Institute for Health and 
Care Research (NIHR) mission is to improve 
the health and well-being of the nation 
through research. The NIHR was established 
in 2006 under the UK government health 
research strategy Best Research for Best 
Health (UK Dept of Health 2006). The goal 
was to create a health research system in 
which the NHS supported outstanding 
researchers, working in world-class facilities 
and conducting leading-edge research focused 

on the needs of patients and the public. 
Within 10 years, the NIHR was acknowledged 
for transforming research and development in 
and for the NHS and the people it serves (Bell 
2016; Davies et  al. 2016; Hanney and 
González-Block 2016; Morgan Jones et  al. 
2016). The remit of the NIHR has since 
grown; it funds and supports the delivery and 
development of vital clinical research both in 
the NHS and across the wider health and 
social care environment.

The NIHR Clinical Research Network 
(CRN) has regional networks in place across 
England and collaborates with the Devolved 
Administrations (DAs) of Scotland, Wales, 
and Northern Ireland to ensure a UK-wide 
approach to clinical research. These networks 
enable the CRN to deliver novel and innova-
tive trials and ensure the NHS and wider 
workforce have the knowledge and skills to 
respond rapidly and deliver the next genera-
tion of clinical trials (. Fig. 1).

1.2  Challenges

At the outset of the coronavirus disease 2019 
(COVID-19) pandemic, the UK experienced, 
as did most other countries, unprecedented 
challenges to effectively slowing the spread of 
the virus and preventing loss of life. The out-
break and spread of COVID-19 represented a 
global public health crisis without parallel in 
recent years. Resources that had already been 
stretched across the UK research and health-
care systems were further reduced due to staff  
sickness and redeployment within healthcare. 
The devolved nature of healthcare in the UK 
risked fragmentation of approach across the 
four nations. Global “just in time” supply 
chains and UK domestic processes were not 
designed for the scale, pace, and dynamism of 
treating a novel, easily transmissible respira-
tory virus causing a pandemic. The novelty of 
the virus and the highly variable course of the 
disease meant there was significant uncer-
tainty regarding which treatments might be 
effective at treating patients suffering from 
COVID-19 and should therefore be explored 
further through clinical research.
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1.3  UK Approach

The UK treated research as a crucial and pri-
oritized component of the COVID-19 
response right from the start of the pandemic. 
The UK government relied on the NIHR and 
the existing research and healthcare infra-
structure, using existing NIHR and NHS sys-
tems, structures, and expertise to ensure 
quality of research while moving forward 
quickly. The integrated nature of the UK sys-
tem allowed the Chief Medical Officers of the 
four nations to guide the prioritization of 
resources across the system and focus efforts 
on the therapeutics most likely to be effective. 
Taking a UK-wide approach prevented frag-
mentation of research efforts between coun-
tries, enabling limited resources to be focused 
on priority areas and speeding up the genera-
tion of trial data. There was an early emphasis 
on confining experimental treatments to clini-
cal trials rather than going straight to emer-
gency use in patients (Coltart and 
Collet-Fenson 2021).

2  Urgent Public Health Research

2.1  Research Prioritization

Since 2014, the CRN has had Urgent Public 
Health (UPH) processes in place for the rapid 
setup and delivery of research on unexpected 
and severe infections with the potential to 
cause widespread disease in the UK.  These 
processes are enacted according to the instruc-
tions of the Department for Health and Social 
Care (DHSC) in the event of a declared out-
break. In response to the spread of COVID- 19, 
a key first step was the national endorsement 
of a unified portfolio by the Chief Medical 
Officers for England, Scotland, Wales, and 
Northern Ireland, focusing attention on a sin-
gle common goal of identifying safe and effec-
tive treatments for COVID-19.

In January 2020, on the instruction of the 
DHSC, the CRN implemented UK-wide 
UPH processes to expedite the rapid opening 
of the International Severe Acute Respiratory 
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and Emerging Infection Consortium 
(ISARIC) Clinical Characterization Protocol 
United Kingdom (CCP-UK) study. The study, 
led by Calum Semple, collects data and sam-
ples to characterize infectious diseases with 
the potential to engender public health prob-
lems. This study remains on the CRN Portfolio 
so that it can be activated as and when needed.

Within weeks of the initial UPH imple-
mentation, the Chief Medical Officer (CMO) 
for England instructed NIHR to scale up 
UPH processes and lead a UK-wide offer to 
oversee the identification, funding, and deliv-
ery of COVID-19 studies. This included a pri-
oritization process to ensure resources were 
directed towards the highest-priority clinical 
research studies. Studies prioritized under this 
system were deemed “UPH designated,” the 
advantages of which are discussed below. 
Responding to this instruction required the 
various parts of the NIHR and the Devolved 
Administrations to work together to build a 
coherent, joined-up approach to the task. 
CRN developed new processes, infrastructure, 
communication channels, and operations to 
identify and deliver UPH research, whilst 
NIHR joined with UK Research and 
Innovation (UKRI) to set up a rapid response 
funding stream, enabling high quality research 
to be funded and delivered at speed.

To facilitate the identification of studies, a 
single point of entry (the UPH Portal) for all 
clinical research studies wishing to be consid-

ered for UPH designation and/or to apply for 
rapid response funding from the joint NIHR 
& UKRI funding call was established. 
Applications included details on study proto-
cols, evidence of funding (or a rapid response 
funding application), drug and testing kit 
requirements (to ensure stocks were avail-
able), as well as patient population require-
ments and likely study setting, e.g., primary, 
secondary or community based (to ensure 
infrastructure was in place to deliver the 
study). In a matter of days, UK researchers 
submitted applications in their hundreds 
(. Fig. 2) for research to be set up at hospi-
tals and GP Practices, as well as at schools 
and in care homes across the UK.

The requirement to translate research find-
ings into improved outcomes for patients 
within a short period of time was built into 
the research design. Ideally, treatments were 
required to be readily available and easily 
deployable within the existing healthcare 
capabilities and structures in the NHS.

Prior to prioritization decisions, applica-
tions underwent a thorough feasibility assess-
ment to ensure the research study was 
deliverable in the current climate. Prioritized 
studies were required to provide evidence to 
help guide the national response and reach the 
population’s highest-risk groups. With dedica-
tion and commitment from cross-specialty 
clinical and academic experts, methodolo-
gists, and relevant government institutions, 

No. Applications Received by Week

150

100

50

*Google Form launched 26 March 2020

20 Ja
n

02 M
ar

16 M
ar

30 M
ar

13 Apr

27 Apr

11 M
ay

25 M
ay

08 Ju
n

22 Ju
n
06 Ju

l

20 Ju
l

03 Aug

17 Aug

31 Aug

14 Sep

28 Sep

12 O
ct

26 O
ct

09 N
ov

23 N
ov

07 D
ec

21 D
ec

04 Ja
n
18 Ja

n
01 Feb

15 Feb

01 M
ar

15 M
ar

0

       . Fig. 2 Graph showing the number of  applications received to the UPH Portal. (NIHR)
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the Urgent Public Health Group and NIHR 
Rapid Response Review Panel were formed to 
support the critical review of studies at pace. 
A key ethos of NIHR is to involve patients 
and the public at every stage of the research 
pathway. Consistent with this principle, public 
representatives were included on both panels, 
and a specific public representative review was 
facilitated as part of the process.

The multidisciplinary UPH Group, 
chaired by Nick Lemoine, the Medical 
Director of the NIHR Clinical Research 
Network, convened as often as needed (often 
multiple times per week) to review the triaged 
applications for UPH designation and provide 
recommendations to DHSC.  UPH recom-
mendations were formally reviewed and rati-
fied by the CMOs for implementation across 
the four nations. Over 1500 submissions were 
reviewed, and 101 applications were desig-
nated as priority studies.

It is important to note that commercial 
organizations were also required to submit 
their studies, ensuring equity of access to the 
resources available. The CRN Business 
Development and Marketing team holds a 
number of life science companies as key cus-
tomer accounts and was able to clearly com-
municate the UPH process in advance of 
formal submissions. This early engagement 
also enabled early protocol development dis-
cussions to ensure the study was deliverable in 
the context of the COVID-19 impact on NHS 
and social care services. Further engagement 
with Life Sciences came via the various UK 
Taskforces set up by the UK Government, 
including the Vaccine Taskforce to secure 
COVID-19 vaccines for the UK and globally, 
if  and when they became available, as well as 
the companion Therapeutics Taskforce. This 
included the need to support the swift delivery 
of large- scale studies across the UK to pro-
vide the evidence needed for authorizations. 
NIHR set up collaborative groups across the 
UK to enable this activity, which required 
regional infrastructure to be mobilized to pro-
vide novel approaches that ensured full 
recruitment to large-scale studies within a few 
months.

2.2  The Advantages of UPH 
Designation

Once identified as a UPH study, a study 
became eligible for expedited study setup and 
was deemed a priority for NHS, CRN, and 
DA research delivery resources. The Health 
Research Authority (HRA) and Medicines 
and Healthcare Products Regulatory Agency 
(MHRA) created prioritized processes to 
review COVID-19 research and amendments 
to ensure the study started as quickly as pos-
sible. This resulted in approvals being granted 
within an average of 8  days, compared to a 
median of 49 days to approval pre-pandemic. 
In parallel to this review, the CRN and DAs 
supported the rapid setup of studies at sites 
across the UK, liaising with the Chief 
Investigator (Principal Investigator) and the 
study team to ensure a study-wide action plan 
and approach was developed. Sites conducted 
capacity and capability assessments and gov-
ernance was put in place as quickly as possi-
ble.

Finally, the NIHR communications and 
engagement teams highlighted UPH studies 
on a dedicated website and facilitated social 
media messaging around recruitment. This 
included highlighting good news stories to 
ensure UPH research stayed in the public eye. 
The team also developed the vaccine patient 
registry and enhanced the Be Part of Research 
registry (Be Part of Research 2022) to 
 encourage more people to sign up for research 
participation in advance of trials being avail-
able. Far more people signed up for research 
than would usually be expected, and studies 
were able to recruit at pace by using the regis-
tries to identify eligible participants.

One of the first studies, the Randomised 
Evaluation of COVID-19 Therapy 
(RECOVERY) trial (7 In  Practice 14.1), 
jointly funded by NIHR and UKRI, was 
UPH designated on March 11, 2020, and 
within a week had been set up at hospitals 
across the UK, recruiting its first participant 
just 8 days after being badged as a UPH trial 
and continuing to recruit at unprecedented 
pace and scale (. Fig. 3).
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       . Fig. 4 The Urgent Public Health research process from submission to study dissemination. (NIHR)

2.3  Delivery of Urgent Public 
Health Research

Following the rapid setup of studies, the CRN 
developed enhanced performance monitoring 
services to help researchers deliver their UPH 
study. Public Health England, Public Health 
Scotland, and Public Health Wales shared 
strategic intelligence with the NIHR to enable 
the implementation and delivery of studies at 
locations of high disease prevalence and need 
and enable patients across the whole UK to 
participate in research. The inclusion of 
COVID-19 cases, hospital admissions, and 
deaths in NIHR data systems, alongside clini-
cal intelligence, was fundamental to facilitat-
ing study placement and creating recruitment 
strategies.

Frequent engagement with chief  investiga-
tors, Local Clinical Research Networks 
(LCRNs), Devolved Administrations, and 
study teams enabled troubleshooting to 
address delivery challenges in NHS and local 
authority sites. In addition, close working 

links with the Devolved Administrations 
ensured that systemic issues were dealt with 
on a UK-wide basis rather than in single 
nations.

The UPH Group provided a forum along 
with nominated individual “Clinical Links” 
(i.e., UPH Group members who could rapidly 
address blockages in study delivery and mobi-
lize appropriate NIHR resources) to help 
studies address and resolve strategic clinical 
issues related to study delivery, including 
through mobilizing appropriate resources 
from NIHR. New approaches were developed 
to harness the expertise, data, and intelligence 
needed to provide thematic and strategic over-
sight of the research portfolio, including study 
setting (such as community, hospital, or care 
home), study design, and disease severity in 
study participants. Consideration was given 
to common problems and shared observa-
tions to learn from challenges or successes 
within those particular groupings. The pro-
cess outlined in . Fig. 4 ensured that any les-
sons learned could be rapidly circulated across 
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the Network and Devolved Administrations 
to support effective delivery of the UPH 
Portfolio.

3  Platform Trials

The UK assembled a portfolio of platform 
trials spanning from first-in-human (Phase I) 
through pivotal (Phase III) trials informing 
clinical practice. The UPH prioritization pro-
cess minimized competition between trial 
platforms, thus ensuring a coherent, unified 
approach linked to access to national 
resources, including the NIHR clinical 
research network for trial recruitment and 
delivery. The best early example of this was 
the RECOVERY trial. It also led to the ratio-
nalization of multiple Phase II platforms ini-
tially recruited from hospitals across the 
country, with some overlap of sites and com-
petition to recruit within individual sites. This 
led to a confusing picture for a brief  period, 
making trial delivery more challenging. 
However, the rationalization of the study plat-
forms to form a single integrated network 
resolved these issues and enhanced the recruit-
ment and trial delivery rate. A second key 
attribute was embedding Phase III trials 
within the National Health Service and 
empowering local clinicians to become co-
investigators, with a light touch approach to 
recruitment and consent following online 
training. This also enabled frontline staff  to 
participate in clinical trial activity, with many 
recognized formally as “associate investiga-
tors.” This had a major impact on trial recruit-
ment, particularly in non-academic centers 
not traditionally involved in delivering 
research of this type.

3.1  UK COVID-19 Therapeutics 
Advisory Panel

The single nationally coordinated delivery of 
trials required an impartial, scientifically 
driven process for identifying and prioritizing 

the drugs to be tested through the National 
Trial Platforms. To achieve this, the UK Covid 
Therapeutics Advisory Panel (UK-CTAP) 
was established, which made recommenda-
tions to the Chief Medical Officer to the UK 
Government and his deputies, and to individ-
ual trial investigators as to which drugs to test 
and in which patients. This ensured that rec-
ommendations were made on purely scientific 
grounds, enabling complementary strategies 
to be tackled in parallel as a balanced portfo-
lio without duplicated effort. The approach 
was based on three layers of scrutiny to miti-
gate against conscious and sub-conscious bias 
(. Fig.  5). UK-CTAP recommendations 
were made by a group of clinicians and scien-
tists with relevant expertise in clinical trial 
delivery and the pathophysiology of COVID-
19, but who were not directly involved in the 
trials themselves.

The panel considered nominations made 
through an open web portal. Candidate drugs 
could be nominated by anyone, including aca-
demics, clinicians, members of the pharma-
ceutical industry, and the general public. An 
expert scientific due diligence team triaged the 
submissions and constructed detailed, unbi-
ased scientific briefing documents for the can-
didate drugs. This required careful collation 
and validation of publicly available data, pro-
prietary data that was commercially sensitive, 
and unpublished data collected from trials 
worldwide. The team was in regular dialogue 
with similar operations globally, including the 
National Institutes for Health in the United 
States, the European Clinical Research 
Infrastructure Network (ECRIN) in the 
European Union, and the World Health 
Organization, with which they shared all 
information. Evidence was gathered on the 
mode of action of the drug, what was known 
about the pathogenesis of  COVID-19 at the 
time, pharmacokinetics, pharmacodynamics, 
the side effect profile, likely toxicity in 
COVID-19 patients, and drug availability and 
deliverability within the National Health 
Service.

UK-CTAP commissioned expert sub- 
groups focused on complementary mecha-
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       . Fig. 6 Summary of  CTAP’s activities over 12 months. (UK-CTAP/Patrick Chinnery)

nisms relevant to COVID-19. These groups 
were chaired by full members of UK-CTAP 
and, following deliberations, made recom-
mendations for each candidate drug. These 
recommendations were considered in detail by 
the main UK-CTAP panel to ensure a bal-
anced portfolio of drugs with different mech-
anisms across the trial platforms. UK-CTAP 
worked at pace, making recommendations for 
trial inclusion within 48  h of their delibera-
tions. Of critical importance, UK-CTAP did 
not accept or reject candidates but prioritized 
the current understanding of disease pathol-
ogy. The committee revisited candidates fre-
quently based on emerging data, allowing 
them to be re-presented as candidates for the 
trials if  new, compelling data supported their 
inclusion. All UK-CTAP meetings and the 
specialist sub-group meetings were held by 
video-link, often out of hours given the 

urgency to reach a decision and often involv-
ing clinicians busy with frontline clinical 
duties. A summary of UK-CTAP’s activities 
over 12 months is shown in . Fig. 6.

4  Establishment of a Therapeutics 
Taskforce

Finding safe and effective treatments for 
COVID-19 was recognized immediately by 
the UK Government as a high priority for the 
COVID-19 response. Accordingly the 
7 Therapeutics Taskforce, led by the 
Department for Health and Social Care, was 
established in April 2020 to coordinate gov-
ernment efforts to ensure high- quality 
research was delivered at pace so that 
COVID- 19 patients in the UK could get 
access to safe and effective treatments as 
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soon as possible. The Taskforce provided a 
supporting structure for the approach to 
COVID-19 research established by the NIHR 
and agreed upon by the UK Chief Medical 
Officers, creating a joined-up, end-to- end sys-
tem for the seamless identification, trialing, 
and ultimately deployment of effective treat-
ments to the UK population.

The Taskforce played many roles in coor-
dinating this end-to-end system. One constant 
objective was to ensure that the nationally pri-
oritized clinical trial platforms established 
through the Urgent Public Health process 
were able to recruit patients as rapidly as pos-
sible and produce urgent results on the safety 
and efficacy of treatment candidates. 
Alongside the research support structures put 
in place by the NIHR, the Therapeutics 
Taskforce was able to leverage its centralized 
position to use ministers (including the Prime 
Minister) to speak about therapeutics research 
at televised press conferences and send letters 
signed by the UK CMOs to groups of health-
care professionals to encourage continued 
(and enhanced) engagement in supporting 
research. Such interventions greatly raised 
public awareness of clinical research and kept 
up momentum from patients and healthcare 
professionals to continue supporting these 
research efforts.

The Therapeutics Taskforce also played an 
important role in highlighting and champion-
ing research into COVID-19 treatments 
within the government. The Taskforce consis-
tently engaged with other government depart-
ments and arms-length bodies (public bodies 
established with a degree of autonomy from 
the government) to represent the needs of 
those delivering research on the ground to 
ensure the successful deployment of effective 
treatments to UK patients. On a macro scale, 
this included—crucially—the alignment of 
COVID-19 treatment planning with wider 
policy issues with clear interdependencies on 
research, such as ensuring that COVID-19 
testing programs could operate widely and 
early enough in the onset of symptoms to 
facilitate effective early treatment, or to make 

clear that participants in clinical research were 
exempt from certain lockdown restrictions, so 
COVID-19 and other clinical trials could con-
tinue when in-person visits were required.

4.1  UK-Wide Approach

As noted above, healthcare is devolved to the 
countries of the UK. From the start of 2020 
the four nations and four CMOs decided to 
take a UK-wide approach to COVID-19 
research and treatment, as reflected in the 
UK-wide remit of the Therapeutics Taskforce. 
This was a vital decision for the scale of 
impact the UK achieved for several reasons: it 
prevented fragmentation of resources that 
would have made larger clinical trials less fea-
sible, focusing resources on the prioritized 
treatments; provided the ability to draw on 
diverse clinical and academic expertise from 
across the four nations; and importantly 
ensured that the research reflected population 
diversity both within and across the four 
nation and supported equity of access to 
treatment across the UK.

4.2  Procurement and Preparing 
for Roll-Out

Proactive steps were taken to translate clinical 
research into UK patient outcomes as quickly 
as possible, including the decision to procure 
potential COVID-19 treatments in spring 
2020 while launching clinical trials well before 
trial results were known. The global “just-in- 
time” medicine supply chains and limited 
global supply meant that intense competition 
for existing treatments was anticipated once 
they were shown to be effective in treating 
COVID-19. At the time of procurement deci-
sions, there was huge uncertainty about the 
trajectory of the COVID-19 pandemic, 
including the scale and duration of potential 
peaks of infection. Clinical and scientific 
experts provided scientifically informed opin-
ions to officials to inform each procurement 
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approach. Strategic cross-government leader-
ship provided by the Therapeutics Taskforce, 
engaging all relevant government departments 
as well as delivery partners, such as the new 
UK Health Security Agency and the NHS, 
ensured that this process was robust and fast 
paced.

4.3  Research to Access Pathway 
for Investigational Drugs 
for COVID-19 (RAPID C-19)

The RAPID C-19 initiative (. Fig. 7) was set 
up in spring 2020 to respond to the need to 
synthesize the emerging evidence; review huge 

       . Fig. 7 The RAPID C-19 initiative set up in spring 2020. (Rapid C-19)
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amounts of data at speed; and support patient 
access to medicines to treat COVID-19 in a 
pandemic. RAPID C-19 is a collaboration 
between the key agencies in the UK involved 
in the development of access pathways for 
therapeutics, including the regulatory author-
ity (MHRA), research funders (NIHR), evi-
dence assessors (the National Institute for 
Health and Care Excellence, or NICE), clini-
cal commissioning (NHS England and 
Improvement, or NHSE&I), and the Devolved 
Administrations counterparts. The group has 
met frequently to review and consider the lat-
est evidence from trials in the UK and around 
the world. The collaborative involvement aims 
to avoid duplication of effort and support the 
goal of providing timely advice on emerging 
evidence for COVID-19 treatments. A key 
achievement of RAPID C-19 has been its 
ability to facilitate patient access to treatments 
within about 10–15  days of significant trials 
reporting positive signals, compared with the 
normal timeframe of about 9 months for pol-
icy development in a non-pandemic setting in 
England, thanks to acceleration or waiver of 
some stages of the process during the pan-
demic emergency. The most notable of these 
has been dexamethasone, where the clinical 
access policy for NHS patients was published 

within hours of the RECOVERY trial, report-
ing major clinical benefits for its use in hospi-
talized patients receiving supplemental 
oxygen.

5  Conclusion

The UK led the world in COVID-19 research, 
informing government policy and providing 
the NHS and social care with the tools needed 
to prevent and treat COVID-19. The pro-
cesses adopted facilitated the recruitment of 
over one million clinical study participants at 
pace over the year across the entire health and 
social care network. This recruitment resulted 
in the world’s largest hospital-based study 
(The RECOVERY trial 2022), the UK’s larg-
est ever community-based interventional 
study (. Fig. 8), the PRINCIPLE trial, and 
the UK contributing the highest number of 
participants globally to multinational studies 
such as REMAP-CAP (REMAP-CAP 
response to COVID-19 pandemic 2021). 
Finally, fast-track links to 7 NICE enabled 
evidence from UPH-designated studies to be 
reviewed to inform evidence-based guidelines.

The research activities and outcomes 
attracted global interest, with the success of 

       . Fig. 8 Two years of  achievements in the PRINCIPLE trial. (Nuffield Dept of  Med)
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the national response featuring in interna-
tional media and journals—a testimony to the 
NIHR, NHS, and wider health and social 
care environment. This achievement would 
not have been possible without the dedication 
and commitment of the research workforce 
and the million people who gave their time to 
participate and continue to give their time. 
Within months of the first NIHR-supported 
UPH study’s opening, UK researchers had 
published evidence to establish the world’s 
first proven treatments for patients with 
COVID-19, such as dexamethasone, which is 
estimated to have saved at least 22,000 
COVID-19 patients in the UK and one mil-
lion patients globally by March 2021 (NHS 
England 2021; RECOVERY Collaborative 
Group 2020). NIHR also supported the devel-
opment of the breakthrough Oxford- 
AstraZeneca vaccine.

With the COVID-19 outbreak continuing 
to be prominent in our lives, the success of the 
UK-wide research response has helped save 
millions of lives around the world and contin-
ues to support critical COVID-19 research to 
enable treatments and vaccines for all.

? Discussion Questions
 1. Once identified as a UPH study, a 

study received priority for expedited 
study setup. What other advantages 
did UPH designation provide?

 2. What enhanced performance monitor-
ing services were developed to help 
researchers deliver their UPH study?

 3. The UK assembled a portfolio of  plat-
form trials spanning from first-in- 
human (Phase I) through safety and 
efficacy (Phase III) trials to inform deci-
sions on clinical practice. Discuss how 
the single, nationally coordinated deliv-
ery of  trials was made possible through 
the UK Covid Therapeutics Advisory 
Panel (UK-CTAP). How did the Open 
Submission Systems contribute to these 
efforts?

 4. The Therapeutics Taskforce was estab-
lished to coordinate government efforts 
to ensure high-quality research would be 
delivered at pace so that COVID-19 

patients in the UK could get access to 
safe and effective treatments as soon as 
possible. Discuss the various roles of  the 
Therapeutics Taskforce, including those 
related to the RAPID C-19 initiative.

 5. Summarize successes achieved by the 
UK in overcoming unprecedented 
challenges to tackle the spread of  the 
COVID-19 virus and prevent loss of 
life.
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 How conflict and fragility impact public 
health and undermine infectious disease 
outbreak prevention, detection, and 
response

 5 How outbreaks, epidemics, and pandemics 
can exacerbate state fragility and weakness

 5 How public health services can deliver 
effective interventions

 5 Advantages and disadvantages of calling 
upon the military and/or security services 
for pandemic response assistance in states 
with under- resourced health systems

 5 Ethical standards that international organi-
zations should follow in countries where 
protocols and enforcement bodies to regu-
late infectious disease research are under-
resourced

 5 When emergency research should not be 
conducted

 5 Risks posed by governance reform to frag-
ile and weakened states and how the per-
spectives of these states can be incorporated 
into international law and governance 
reform

1  Introduction

Starting in the 1980s, public health officials 
worked in partnership with political leaders to 
call humanitarian ceasefires to permit urgent 
public health interventions. “Days of tran-
quility” were implemented in more than a 
dozen countries to pause fighting in order to 
vaccinate children against polio, measles, and 
other vaccine-preventable diseases and pro-
vide humanitarian aid. Decades later, when 
the COVID-19 pandemic emerged, the United 
Nations Security Council (UNSC) passed a 
resolution that called for an immediate cessa-
tion to hostilities around the world and asked 
all parties to armed conflicts to suspend hos-
tilities for 90 days in order to enable the deliv-
ery of humanitarian assistance necessary to 
combat the pandemic (UNSC 2020). Seven 
months later, the UNSC recognized that the 
call for an immediate cessation of hostilities 

had not actually stopped armed conflicts and 
again called for ceasefires to help mitigate 
effects of the pandemic and enable vaccine 
distribution (UNSC 2021). In both of these 
resolutions, the Security Council acknowl-
edged that not only would armed conflict and 
instability exacerbate the pandemic but that 
the “pandemic can exacerbate the adverse 
humanitarian impact of armed conflicts” 
(UNSC 2021).

While the COVID-19 pandemic under-
scored just how interconnected the world is 
and the importance of global solidarity, by 
many measures, the world is becoming 
increasingly complex and subject to conflict. 
The Institute for Economics & Peace Global 
Peace Index deteriorated by 3.78% during the 
decade before the COVID-19 pandemic, 
driven mostly by terrorism and internal con-
flicts (IEP 2019). The 2023 Index found that 
political stability deteriorated by 0.42%, the 
ninth consecutive year of a fall in the Index, 
with 79 countries losing ground and 82 
improving (IEP 2023). According to a 2018 
International Committee of the Red Cross 
(ICRC) report, “more armed groups have 
emerged in the last 7 years than in the previ-
ous 70,” meaning about half  of all current 
civil conflicts are so chaotic and fractious that 
they involve ten or more armed groups (ICRC 
2018). The Armed Conflict Location and 
Events Dataset also shows that from 2018 to 
2022, most of the 46 countries and territories 
on its Conflict Severity Index were “experi-
encing sustained or escalating levels of severe 
violence” (ACLED 2023). In many countries, 
low-intensity sub-state conflicts persist with-
out an end in sight, while larger-scale conflicts 
continue or may restart in Ukraine, Ethiopia, 
and between Armenia and Azerbaijan (ICG 
2023). Additionally, inequality, discrimina-
tion, and a lack of sufficient access to care, 
food, water, and sanitation have led to human-
itarian crises even in the absence of armed 
conflict, a situation exacerbated in many parts 
of the world by climate change and the 
COVID-19 pandemic.

As conflict and fragility spread around the 
world, it becomes more likely that infectious 
disease events will emerge or be exacerbated 
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in these areas of instability. In order for the 
global health community to effectively 
respond to new disease emergencies and pro-
tect population health, we must first 
 understand the evolving threats and how con-
flict and fragility impact public health and dis-
ease outbreaks. In this chapter, we review the 
link between fragile states’ increased risk for 
infectious disease outbreaks, and particular 
factors exacerbating fragility and infectious 
disease risk. We then explore challenges in 
preventing, detecting, and responding to 
emerging infectious diseases in complex envi-
ronments and understanding and addressing 
imbalances in political power and perception. 
Finally, we discuss pathways for global gover-
nance with proposed recommendations for 
future action.

2  Fragile States and Infectious 
Disease Risk

2.1  The State and Fragility

Despite the growth of international institu-
tions and global governance, the nation state 
remains one of the primary political entities 
that impact peoples’ daily lives, including their 
health. As the United Nations General 
Assembly has recognized, “[g]overnments 
retain the primary role and responsibility for 
ensuring the survival, livelihood and dignity 
of their citizens” (UNGA 2012). States vary 
in their resources, capacities, and commitment 
to deliver public goods to the people who live 
in them and may be differentiated between 
strong and weak states or failing or failed 
states, based on the success with which a state 
can deliver public goods. This notion is under-
scored by the role of governments in respond-
ing to the COVID-19 pandemic. In particular, 
the provision of security, defined to encom-
pass all elements of human security, is a pub-
lic good critical to the status of a state and its 
continued legitimacy. Without security, the 
provision of other public goods, such as 
healthcare, public health, education, and 

infrastructure, becomes exceedingly difficult 
or impossible. Human security encompasses 
health security, economic security, food secu-
rity, environmental security, personal security, 
community security, and political security. 
This framing “recognizes the interlinkages 
between peace, development and human 
rights, and equally considers civil, political, 
economic, social, and cultural rights” (UNGA 
2012). Where a state fails to provide the ele-
ments requisite for ensuring human security, 
it weakens, and may become fragile, or even 
disintegrate to a point where it collapses and 
fails (Rotberg 2003).

2.2  Enhanced Likelihood 
of Infectious Disease 
Outbreaks in Fragile States

The health status of a population is a reflec-
tion of the economic, political, and social sta-
tus of a country or community. The conditions 
leading to fragile states also make them more 
vulnerable to infectious disease outbreaks. A 
simple model for infectious disease causation 
is the epidemiologic triad, which outlines how 
a pathogenic agent, susceptible host, and the 
environment interact to produce disease  
(7 In Focus 21.1) (CDC 2012). In compari-
son to a stable state, a fragile state has more 
underlying vulnerabilities, which can result in 
increased disease transmission (. Figs.  1, 2, 
and 3). Typically, less is known about the 
diversity and pathogenicity of both endemic 
and novel infectious pathogens in fragile 
states, since surveillance and laboratory test-
ing systems, as well as locally conducted scien-
tific research into diseases affecting the 
population, are likely to be weak or absent in 
fragile states. Coordination between the ani-
mal, environmental, and human health sec-
tors may be lacking. In addition, routine 
testing for antimicrobial resistance, and poli-
cies on appropriate use of antimicrobials, may 
be sporadic or non-existent.

Hosts (both humans and livestock) resid-
ing in a fragile state are generally more vulner-
able to infectious diseases, in part since greater 
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       . Fig. 1 Fragility in the World 2023. Fragile State Index. (Fund for Peace 2023)

animal-human interaction can lead to zoo-
notic infection. Humans may be vulnerable 
through more widespread high-risk sexual 
practices, unimproved water and sanitation 
hindering hygiene, less access to regular 
healthcare and lower baseline vaccination 
coverage, higher rates of undernutrition and 
malnutrition, and a higher proportion of chil-
dren and pregnant women (Weiss and 
McMichael 2004). Environmental factors also 
disproportionately affect those in fragile 
states. In these settings, overcrowding—par-
ticularly among displaced populations—can 
lead to increased disease transmission. Basic 
healthcare services and water, sanitation, and 
hygiene are often lacking, which can lead to 
spread of diarrheal diseases and nosocomial 
infections. One example is the Democratic 
Republic of the Congo (DRC), which has 
long been classified as a fragile state by the 
Fund for Peace (2022) and the World Bank 
(2022). In the 2018–2020 Ebola virus disease 

(EVD) outbreak in DRC, nearly 18% of all 
EVD cases were nosocomial, leading to ongo-
ing transmission and an unacceptable level of 
healthcare worker infections (Schnirring 
2019). The lack of basic health services can 
lead to infectious cases going unrecognized or 
untreated, leading to ongoing disease trans-
mission and making the outbreak more diffi-
cult to control (. Fig. 4).

A critical capability needed to manage 
population-level infectious disease threats is 
early detection and control of cases. In fragile 
states, this may be one of many factors imped-
ing a country’s ability to effectively manage 
outbreaks. Economic insecurity often results 
in weak health system infrastructure and a 
lack of basic systems to find, stop, and pre-
vent disease outbreaks. A review of detection 
of disease outbreaks in 22 fragile states from 
2000 to 2010 showed that there were long 
delays from onset to detection (median 
29  days) and from detection to response 
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       . Fig. 2 World Bank list of  fragile and conflict-
affected situations (FCS). The World Bank publishes an 
annual list of  fragile and conflict-affected situations, 

distinguishing between countries based on the nature 
and severity of  issues they face. (World Bank 2022)

(investigation, confirmation, declaration, con-
trol) (Bruckner and Checchi 2011). This led 
the investigators to conclude that epidemic 
surveillance and control appear to be insuffi-
ciently timely in fragile states. According to 
2019 pre-pandemic assessments of emergency 
preparedness by the World Health 
Organization (WHO) Global Preparedness 
Monitoring Board, most countries in Africa 
had little-to- no capacity in critical areas such 
as emergency response operations, a robust 
health workforce, disease surveillance, and 
laboratory networks; only 64 of 182 countries 
reporting worldwide were at the highest or 
second- highest preparedness level (GPMB 
2019a, b). In lower-income countries, current 
capacity tends to be even further depleted 
from the COVID-19 pandemic. The health 
sector is often under-resourced in domestic 
budgets, leading to inadequate basic medical 
and public health services. Physical insecurity 
can also drive infectious disease spread, by 
making prevention (e.g. vaccine programs) 

and treatment (e.g. care facilities and medica-
tions inaccessible to populations and by mak-
ing it harder to reach them with proper risk 
communications and outreach. Effective 
response can also be limited in insecure areas, 
as was evident in the 2018–2020 EVD out-
break in the Democratic Republic of the 
Congo, where intentional attacks on response 
teams and treatment and research facilities led 
to interruptions in critical activities including 
case management, contact tracing, and treat-
ment; despite the dangers, both successful 
clinical trials and an emergency vaccination 
campaign that reached more than 300,000 
people were conducted during the outbreak 
(Mulangu et al. 2019; WHO 2020b), and the 
PALM study was completed demonstrating 
successful Ebola therapeutics for the first time 
(7 In Practice 17.1) (Mulangu et al. 2019). A 
review of the timing of conflict and disease 
transmission in this outbreak found that both 
the rapidity of case isolation and the 
population- level effectiveness of vaccination 
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       . Fig. 3 Note the correlation between the fragile 
states map above and this map showing countries that 
suffer the greatest loss of  disability-adjusted years of  life 

to disease (not necessarily infectious disease). (Roser 
et al. 2021)

       . Fig. 4 Differences in epidemiologic triads between stable and fragile states. (Authors)
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varied notably as a result of preceding unrest 
and subsequent impact of conflict events. 
Furthermore, conflict events were found to 
reverse an otherwise declining phase of the 
epidemic trajectory (Wells et  al. 2019). 
Political instability can impact all facets of a 
health system, from leadership in ministries 
of health to the viability of health programs 
requiring sustained commitment and support. 
External partners supporting the health sys-
tem are also more likely to cease programs in 
times of political instability. In countries with 
pockets of resistance to government author-
ity, mistrust of government can severely limit 
a country’s ability to control disease outbreaks 
(Nguyen 2019).

2.3  Insecurity Exacerbates Disease 
Emergence and Transmission

2.3.1  Displaced Populations
Insecurity, including conflict and violence, 
can lead to the displacement of populations 
within countries or across borders. The condi-

tions and locations in which internally dis-
placed populations or refugees live can 
facilitate the emergence and spread of infec-
tious disease. Fleeing war in the 1980s, Afghan 
refugees residing in camps in Pakistan experi-
enced over 150,000 cases of malaria each year 
and were inaccurately blamed for facilitating 
the spread of malaria to Pakistan (Baer et al. 
2013; Rowland and Nosten 2016; Suleman 
1988). The camps were situated next to stand-
ing water in farmland and rice fields; and fol-
lowing the success of malaria eradication 
programs in Afghanistan before the war, refu-
gees had no immunity. Displaced populations 
in camps also experience overcrowding, inad-
equate hygiene and sanitation facilities, lim-
ited resources dedicated to public health 
programs, inadequate housing to protect from 
vector-borne disease, and particular vulnera-
bilities arising from potential malnutrition, 
stress, and other health consequences of 
escaping conflict. Displaced or isolated popu-
lations are also particularly vulnerable to cul-
tural, language, and health literacy barriers to 
effective disease prevention and care.

Box 1
Irregular—and often official government—
forces may show flagrant disregard for inter-
national humanitarian law. Direct, purposeful, 
and indiscriminate attacks on civilians, civil-
ian infrastructure, and humanitarian aid, 
including healthcare workers and hospitals, 
are increasingly normalized. International law 
has required protection for medical personnel 
and facilities in times of  conflict since the 
First Geneva Convention in 1864. Yet the 
deliberate destruction of  hospitals and harass-
ment and murder of  healthcare workers as a 
tactic has been documented in 23 current 
armed conflicts around the globe. Dr. John 
Hamre, CEO of  the Center for Strategic and 
International Studies, has noted that “the 
Geneva Conventions were not designed to 
deal with irregular combat,” so incentives to 
adhere to such norms may be absent in most 
modern conflicts (Morrison et al. 2017).

In 2016, the UNSC adopted Resolution 
2286, condemning deliberate attacks against 
medical facilities, equipment, and personnel in 
conflict situations, largely in response to the 
targeted airstrikes on hospitals and the murder 
of over 800 healthcare workers in the Syrian 
Civil War (UNSC 2016). In January 2018, the 
WHO also rolled out the Surveillance System 
for Attacks on Healthcare (SSA), to collect 
standardized, publicly available data on such 
attacks (WHO 2024). Neither of these efforts 
has led to an abatement in these attacks, in 
Syria or elsewhere. In Syria, medical buildings 
stopped displaying the red cross insignia, indi-
viduals avoided healthcare facilities out of fear, 
and by 2018, some 38% of individuals provid-
ing clinical care had received no formal train-
ing at all. While these efforts did bring these 
issues international attention, they have “yet to 
translate into effective protection of health care 
on the ground” (Rae 2018).
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2.3.2  By the Numbers: Fragile 
States and Health Emergency 
Grades

The Fragile States Index, developed by the 
Fund for Peace, classifies and ranks states 
based on their level of fragility, using a con-
flict assessment framework comprising 
 indicators for cohesion, economics, political, 
and social factors (Fund for Peace 2023). In 
December 2019, just prior to the start of the 
COVID-19 pandemic, every state among the 
ten most fragile states was also classified as 
having a graded health emergency under the 
WHO’s Emergency Response Framework (see 
. Fig.  5). The five most fragile states—
Yemen, Somalia, South Sudan, Syria, and the 
Democratic Republic of the Congo—all had 
Grade 3 health emergencies, the highest level 
under the WHO Emergency Response 
Framework, that is, an emergency requiring a 
maximal WHO response (WHO 2017). In 
addition, these fragile states are among the 
least prepared for health emergencies accord-
ing to the Prevent Epidemics ReadyScore, 
which assigns a preparedness score out of 100 
based on objective assessments done by WHO 
and partners (Prevent Epidemics 2023). As 

expected, these fragile states continue to expe-
rience a variety of infectious disease out-
breaks based on recent reports from WHO 
(WHO AFRO 2023; WHO EMRO 2023) 
(7 In Practice 16.1).

2.4  Force Multipliers of Fragility 
and Infectious Disease

Increasingly, states that do not meet the typi-
cal criteria for classification as fragile and 
conflict-affected are experiencing fragility 
arising from societal, economic, political, 
environmental, or security instability. The 
Organization for Economic Cooperation and 
Development has found that almost half  the 
states meeting fragile state criteria are middle- 
income countries. The World Bank estimates 
that by 2030, up to two thirds of the world’s 
extreme poor will live in states experiencing 
fragility, conflict, and violence (World Bank 
2023).

The causes of conflict are complex, and 
while more data and analysis are needed to 
understand interactions, it is reasonable to 
suspect that the impacts of climate change on 

       . Fig. 5 Cross compari-
son of  health emergency 
states and fragility grades. 
(Fund for Peace 2023; 
Prevent Epidemics 2023; 
WHO 2019) (Table by 
authors)
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natural resources, human security, and soci-
etal stability may exacerbate conflict in fragile 
settings (Scheffran et al. 2012). Furthermore, 
these impacts, as well as any impacts of adap-
tation and mitigation responses to climate 
change, may extend beyond currently fragile 
states. As noted in a G7-commissioned report 
on climate and conflict, “[e]ven seemingly sta-
ble states can be pushed towards instability” 
given the interaction of climate change with 
other social, economic, and environmental 
pressures (Berlin Climate and Security 
Conference 2019).

3  Challenges of Preventing, 
Detecting, and Responding 
to EIDs in Complex 
Environments: Ebola 
in the Democratic Republic 
of the Congo and Cholera 
in Yemen

3.1  Ebola in the DRC

In August 2018, an Ebola outbreak in the 
North Kivu region of the DRC brought 
together two major threats to international 
security: an area destabilized by complex, vio-
lent insurgency was hit by a deadly infectious 
disease outbreak. Four years after the Ebola 
crisis in West Africa, the global health com-
munity was relatively well prepared to deal 
with an Ebola threat: they were armed with 
logistical lessons learned, a profound motiva-
tion to avoid a repeat crisis, and a supply of an 
experimental Ebola vaccine and candidate 
therapeutics. However, the outbreak was 
exceptionally difficult to bring under control, 
largely due to armed clashes in the resource- 
rich region and societal distrust of central 
authorities that extends to incoming health 
workers. The movement of public health 
workers and supplies was severely impeded; 
many organizations had to barter for safe pas-
sage rights from multiple local militant groups. 
Even so, violence against public health and 
healthcare workers was a reality in this con-

flict, including targeted attacks on Red Cross 
volunteers trying to safely handle infected 
bodies and Médecins Sans Frontières (MSF) 
Ebola treatment units that were burned (MSF 
2019; Nguyen 2019). The PALM Ebola treat-
ment trial was embedded in the Ebola treat-
ment units, and the conduct of the study was 
challenged and stalled repeatedly due to 
attacks on treatment centers and laboratory 
spaces. MSF decided to retrieve staff  from the 
emergency leaving the WHO and DRC 
responders to staff  and run some of the Ebola 
treatment units. Due to a highly transient 
population and limited mobility of public 
health workers, tried-and-true vaccine distri-
bution and disease tracking strategies, notably 
contact tracing, were difficult if  not impossi-
ble in some locations. A vast amount of mis-
information also exacerbated heavy distrust 
for international public health and healthcare 
workers among local populations, whose lives 
were being threatened by far more than just 
Ebola. Armed convoys that might be neces-
sary to protect Ebola responders from the 
threat of armed violence often worsened their 
image among the locals.

Despite difficulties and high mortality 
among those infected with Ebola, the as-yet 
unlicensed RVSV vaccine candidate that had 
been in trials in West Africa a few years earlier 
was administered to more than 300,000 peo-
ple during the outbreak via a compassionate 
use protocol, with the accumulated data lead-
ing to its later licensure by the U.S. Food and 
Drug Administration (FDA) in 2019. In addi-
tion, a multi-armed clinical trial of  therapeu-
tics successfully demonstrated that two of the 
four therapeutic agents under investigation 
were clearly superior to the other two, so 
much so that the trial was stopped early so all 
trials participants could receive the more effi-
cacious therapeutics. Those two therapeutics 
were also licensed by FDA (FDA 2019a, b, 
2020a, b; Henao-Restrepo et  al. 2017; 
Kennedy et  al. 2016; Mulangu et  al. 2019; 
Wells et al. 2019). The outbreak was a chal-
lenging test for conducting emergency clinical 
research, but the research produced lifesav-
ing, licensed products for future Ebola out-
breaks.
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3.2  Civil War in Yemen

The Yemeni Civil War, which began in 2015, 
has also led to a severe ongoing humanitarian 
crisis. In addition to the violence, a devastat-
ing famine and a cholera outbreak have 
caused widespread preventable deaths, espe-
cially among vulnerable populations such as 
children. There were over 2.5 million sus-
pected cases of cholera, making it the largest 
recorded outbreak of the disease in history 
(WHO EMRO 2023). Because of the conflict 
and resulting disordered environment, over 
3900 people died of a preventable and treat-
able disease. “Everybody – international and 
Yemeni health workers – is focusing on emer-
gency health provision because of the massive 
numbers of war wounded,” meaning that the 
collapsing healthcare system could not even 
begin to detect and prevent the spread of 
infectious disease (Gavlak 2015; Kennedy 
et al. 2017).

In the DRC and Yemen, treatable diseases 
continue to cause significant mortality as of 
2023. As we have seen in the current 
COVID- 19 pandemic, if  a novel infectious 
pathogen such as SARS-CoV-2 emerges, 
which can overwhelm both stable and fragile 
health systems and societies, the results can be 
globally catastrophic. The international com-
munity must be prepared to take decisive pre-
cautionary action to prevent such a global 
pandemic before it occurs, irrespective of 
where it starts and spreads to. Delayed identi-
fication of the new pathogen and interven-
tion, delays much more likely in a fragile state, 
can result in the spread of the outbreak and 
ongoing pathogen evolution, leading to a con-
tinuing, sometimes acute global threat. More 
effective norms and agreements to protect 
health workers, facilities, and supplies in mod-
ern, irregular conflicts and keep public health 
infrastructure, particularly disease surveil-
lance and response systems, functioning even 
amidst armed conflicts are vital.

Furthermore, both crises have led to sig-
nificant numbers of refugees and internally 
displaced persons, engendering another set of 
health challenges, including poor living condi-
tions, lack of resources, psychological trauma, 

and exposure to new pathogens for which they 
have no immunity (Abbas et  al. 2018). This 
poses a risk both to displaced individuals and 
to their destination countries. The current 
experience of migrants from the Northern 
Triangle region of Central America to the 
U.S. southern border follows this pattern of 
armed conflict begetting an insecure situation 
producing refugees and internally displaced 
persons, leading to health consequences that 
affect individuals from multiple countries 
(Cheatham 2021).

4  Historical Injustice: 
Understanding and Addressing 
Imbalances in Political Power 
and Perception

The reality that protecting the health, secu-
rity, and economies of developed countries is 
the primary driver of research funding and 
outbreak response perpetuates historical and 
continuing injustices in global health. The 
COVID-19 pandemic starkly demonstrated 
how assumptions about preparedness and 
response capacities can lead to insufficient 
national responses in developing countries, 
which may in turn impact the health and secu-
rity of all nations. Despite this, and despite 
many efforts to level the playing field, the 
focus on problems of and threats to developed 
countries is likely to persist while they dispro-
portionately possess the financial, technical, 
and political capital necessary for research 
and outbreak response (Farmer 1996). For 
example, efforts to address global vaccine 
inequity during the COVID-19 pandemic 
have included not only arguments about 
global health justice and equity but also prac-
tical concerns about preventing the emergence 
of variants that may have a direct impact on 
global populations and influence vaccine dis-
tribution in developing countries (Riaz et al. 
2021).

Even so, research in responses to infec-
tious disease epidemics before COVID-19, 
particularly the 2014–2016 Ebola outbreak in 
West Africa, the Zika outbreak, and the 
2018–2020 Ebola outbreak in the northeast-
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ern DRC, reflected an ongoing shift in inter-
national research approaches away from 
responders and researchers “parachuting in,” 
as in past emerging infectious disease out-
breaks, toward more inclusive efforts to form 
local and regional partnerships and conduct 
effective social and community outreach 
(7 Chap. 18). The COVID-19 pandemic, 
which occurred everywhere and curtailed 
international travel, by necessity curtailed 
parachuting.

Notable legal, policy, and operational 
changes have arisen in the international realm 
in response to concerns about old approaches, 
which could not only replicate historic injus-
tices but undermine local trust and the success 
of response efforts. A broad range of interna-
tional treaties contains binding obligations on 
developed nations to provide international 
assistance to and collaborate with developing 
countries, including capacity building, tech-
nology transfer, and financial support. These 
obligations are particularly relevant in fragile 
states with multiple priorities, demands, and 
vulnerabilities.

In weakened or fragile states, implement-
ing or enforcing legal and policy arrange-
ments for research, including sovereignty over 
genetic resources, may be deprioritized or 
constrained by already limited resources. This 
imparts a particular ethical duty on research-
ers operating in constrained states. In addi-
tion, states with obligations to provide 
international assistance and cooperation 
under a range of international laws, including 
the International Health Regulations, the 
Biological Weapons Convention, the Nagoya 
Protocol, and human rights treaties, may be 
hesitant to conduct capacity building where 
economic, social, or political disruption in 
fragile states may undermine the sustainabil-
ity of such measures. These are challenges 
that states and non-state actors must consider 
in a non-paternalistic manner, in consultation 
with local communities where possible.

In addition, the entry into force of the 
Nagoya Protocol on Access to Genetic 
Resources and the Fair and Equitable Sharing 
of Benefits Arising from their Use (hereafter 
“Nagoya Protocol”) in 2014 seeks to redress 
historical exploitation for research through 

access and benefit sharing of genetic resources. 
The status of domestic implementation of the 
Nagoya Protocol varies significantly between 
countries, adding complexity to the legal 
landscape for accessing genetic resources and 
the sharing of benefits arising from their use 
(Ljungqvist et al. 2024). However, researchers 
operating in or with partners in fragile set-
tings need to be aware of the principles that 
underpin the treaty and the opportunities and 
obstacles that may result for public health sys-
tems.

4.1  International Obligations 
for Capacity Building

Building capacities for research and outbreak 
detection and response is a crucial component 
of protecting public health and meeting obli-
gations under international law. However, 
while there is significant focus on the obliga-
tion of states to build these capacities and sig-
nificant aid-based programming for capacity 
building, developed countries are sometimes 
hesitant to recognize their legal obligations 
expressed in a number of treaties (. Fig. 6) to 
support developing or resource constrained 
states in building these capacities (7 Chap. 8). 
Furthermore, building capacities to conduct 
emerging infectious disease research is increas-
ingly framed as part of reducing emerging 
infectious disease threats to the health and 
security of developed countries, that is, part 
of a (developed) state’s duty to protect the 
health of its own citizens. While this framing 
of global health security may facilitate fund-
ing and investment, it may also risk masking 
humanitarian and ethical duties, as well as 
obligations under international law, of devel-
oped states to mobilize financial, political, 
and technical resources for capacity building.

For fragile or weakened states, capacity 
building is particularly important, with 
unique challenges for each state depending on 
the political, economic, technical, or social 
constraints that they face. Whether a fragile 
state is in the process of deteriorating, in post- 
conflict transition, a state of arrested develop-
ment or in the process of early recovery will 
impact where and how capacity building may 
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       . Fig. 6 Selected international cooperation and assistance obligations. (Authors)

improve public health (Brinkerhoff 2007). 
Progress toward stability for fragile states, 
which is essential for sustainable capacity 
building, is also variable and contingent. As a 
result, states and other funding bodies may 
hesitate to invest in capacity building where 
economic, social, or political disruption may 
threaten the sustainability of capacity build-
ing measures or be seen to do so.

As set out in . Fig. 6, there is a range of 
international treaties that impose capacity- 
building obligations relevant to research and 
outbreaks, including general international 
assistance, collaboration, and cooperation 
duties, technology transfer, and financing 
obligations. In each of  the treaties listed, 
there is particular recognition of  the obliga-
tion on developed countries to engage in 
international assistance and collaboration 
for developing countries in the prevention, 
detection, and response to outbreaks, 
whether naturally occurring or deliberate, as 
well as for the conduct of  research more 
broadly, including as part of  the realization 
of  both the human right to health and the 
right to science.

Capacity building for research and out-
break response cannot occur in isolation from 
broader systems capacities for governance 
and security. This in turn affects implementa-
tion of core principles of capacity building, 

including prioritization based on community 
needs, ensuring systems are responsive and 
acceptable to communities, and participatory 
governance. In such situations, states and 
non-state actors assisting in outbreak response 
may see a “trade off  between the exercise of 
capacity and building it” (Brinkerhoff 2007). 
This is particularly the case in public health 
emergencies, where both internal and external 
pressures for outside institutions to substitute 
for weakened or absent local capacities may 
undermine longer-term efforts to build 
research capabilities or strengthen health sys-
tems. These circumstances also risk removing 
country or sub-national governments from 
primary ownership of outbreak detection and 
response efforts, further entrenching the ineq-
uities that have led to the need for legal and 
governance responses such as access and 
 benefit sharing.

There is a range of pathways and obliga-
tions for states to engage in assistance, col-
laboration, capacity building, technology 
transfer, and financing with fragile states 
(7 Chap. 29). These duties are not simply 
charity but legally binding obligations, with 
fragile states the most vulnerable to disease 
outbreaks and compounded vulnerabilities or 
exploitation through research, even uninten-
tionally. For emerging infection diseases, such 
assistance is also in the self-interest and duty 
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Box 2: Obligations Under the  International 
Health Regulations (2005) for Collaboration 
and Assistance
Article 44 Collaboration and assistance
 1. States Parties shall undertake to collabo-

rate with each other, to the extent possible, 
in:
 (a) the detection and assessment of, and 

response to, events as provided under 
these Regulations;

 (b) the provision or facilitation of technical 
cooperation and logistical support, par-
ticularly in the development, strength-
ening and maintenance of the public 
health capacities required under these 
Regulations;

 (c) the mobilization of financial resources 
to facilitate implementation of their 
obligations under these Regulations; 
and

 (d) the formulation of proposed laws and 
other legal and administrative provi-

sions for the implementation of these 
Regulations.

 2. WHO shall collaborate with States Parties, 
upon request, to the extent possible, in:
 (a) the evaluation and assessment of their 

public health capacities in order to facil-
itate the effective implementation of 
these Regulations;

 (b) the provision or facilitation of technical 
cooperation and logistical support to 
States Parties; and

 (c) the mobilization of  financial resources 
to support developing countries in 
building, strengthening and maintain-
ing the capacities provided for in 
Annex 1.

 3. Collaboration under this Article may be 
implemented through multiple channels, 
including bilaterally, through regional net-
works and the WHO regional offices, and 
through intergovernmental organizations 
and international bodies (WHO 2016).

of developed countries to protect their own 
populations against infectious disease threats.

Box 3: Obligations Under the  BWC 
for  Collaboration and  Assistance (Con-
vention on  the  Prohibition of  the  Devel-
opment, Production, and  Stockpiling 
of  Bacteriological (Biological) and  Toxin 
Weapons and  on  Their Destruction, 
1975)
Article VII
Each State Party to this Convention 
undertakes to provide or support assis-
tance, in accordance with the United 
Nations Charter, to any Party to the 
Convention which so requests, if  the 
Security Council decides that such Party 
has been exposed to danger as a result of 
violation of  the Convention (BWC 1975).

4.2  Viral Sovereignty in Fragile 
Settings

As a general principle of international law, 
states have sovereignty over the resources 
within their territory. Since the Convention on 
Biological Diversity (CBD) entered into force 
(became binding on states that ratified it) in 
1993, this includes genetic resources, and 
while this is not expressly stated, genetic 
resources have been interpreted by many 
states to include pathogens (UN 1992). In 
2014, the Nagoya Protocol entered into force 
as a supplementary agreement to the CBD, 
providing the principles and elements for 
states to implement domestic legislation gov-
erning access to their genetic resources, which 
most states have interpreted as including 
pathogens. In accordance with the Nagoya 
Protocol, states may adopt legislation requir-
ing their prior informed consent to access 
resources and the negotiation of mutually 
agreed terms, which may include the fair and 
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equitable sharing of benefits that arise from 
the use of the resources (CBD 2011). As a 
result, the Nagoya Protocol seeks to rectify 
dual issues: both the terms of accessing patho-
gens and benefit sharing seen in the past, 
where researchers would either physically take 
or seek access to pathogens (even for public 
health purposes where local detection or 
response capacities were limited), while not 
equitably sharing the benefits of use of those 
resources, such as scientific publications, con-
ferences, intellectual property rights, or com-
mercial products made using genetic resources, 
such as vaccines.

Recognizing “the importance of ensuring 
access to human pathogens for public health 
preparedness and response purposes” 
(Preamble), the Nagoya Protocol requires 
parties to take health emergencies into special 
consideration in developing or implementing 
domestic legislation (Article 8[b]). This 
includes facilitating more rapid access to 
pathogens or distribution of benefits, particu-
larly for developing countries. For fragile set-
tings, whether expressly included in law or 
not, this imperative is arguably extended and 
expanded.

Given its relatively recent entry into force 
and varying state interpretations, priorities, 
and capacity, progress on domestic implemen-
tation of the Nagoya Protocol is inconsistent 
between states. Some states have comprehen-
sive laws that expressly consider pathogens 
(EU 2014), while others have not yet incorpo-
rated the agreement domestically or expressly 
imposed access and benefit-sharing obliga-
tions for pathogens. This diversity of 
approaches and lack of legal certainty can be 
a barrier and require researchers to conduct 
appropriate due diligence to ensure that they 
comply with domestic laws. Additional uncer-
tainties arise in the case of a rapidly spreading 
pandemic virus, especially when its presumed 
country of origin is far from eager to admit 
that the virus first emerged on its territory, or 
in a future case where the country of origin is 
indeterminable (Humphries et al. 2021).

These challenges are likely exacerbated in 
weakened or fragile states, where implementa-
tion of new laws or enforcing existing laws for 

genetic resources may not be a priority in view 
of limited financial and technical resources. 
Moreover, public health threats that require 
urgent international collaboration and assis-
tance may require pathogen sharing for out-
break detection and response. Such dynamics 
reinforce the importance of trust, equity, and 
justice at all stages of the outbreak response. 
Researchers have an ethical duty not to exploit 
partners in the absence of domestic legislation 
or enforcement governing access and benefit 
sharing. This means adhering to international 
norms underpinning access and benefit- 
sharing regimes. This is particularly true 
where failure to do so risks undermining trust 
in research and outbreak response more 
broadly. Researchers need to guard against 
potential, actual, or perceived exploitation of 
weakened governance systems for the benefit 
of researchers from wealthy states, even where 
the research may be perceived to ultimately 
have potential benefits for affected communi-
ties. The idea that researchers and research 
sponsors must ensure that research partici-
pants and their communities or nations 
receive benefits on the basis of their participa-
tion, often at some risk to themselves, is also 
widely accepted and gaining currency 
(7 Chap. 5). Research approaches that are 
consistent with providing commensurate ben-
efits to research participants, with providing 
the most effective broad infectious disease 
response, and compliance with the Nagoya 
Protocol are a potential opportunity to repair 
mistrust and build local capacities.

Without proactive effort, there is a risk 
that the nuanced negotiations that occurred 
prior to the pandemic around finding com-
mon solutions to access to genetic resources, 
the need to rapidly share outbreak informa-
tion, and the equitable sharing of benefits, 
such as vaccines, may be significantly dis-
rupted and undone. At the same time, interna-
tional discussions on post-pandemic 
recovery—including amendments to the 
International Health Regulations (2005) 
approved in 2024 and negotiations for a new 
international agreement on pandemic pre-
paredness and response (pandemic treaty)—
have focused on the obligations of countries 
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to rapidly share information. This has 
included the suggested adoption of compli-
ance measures such as investigations. 
Penalizing delayed information sharing may 
in fact result in more delay of reporting or 
information sharing and, for fragile settings, 
would be especially punitive and inappropri-
ate. Indeed, South Africa was in effect pun-
ished for prompt reporting of the Omicron 
variant of SARS-CoV-2  in November 2021 
when many countries imposed travel restric-
tions; though the intent was to prevent spread 
of the variant, the restrictions were hardly an 
incentive for prompt sequence sharing (Chutel 
2021). Given discussions around the inclusion 
of sequence data under the Nagoya Protocol, 
and in light of global vaccine inequity, there is 
a risk that finding common solutions that 
benefit both public health research and equity 
will be especially difficult. This could discour-
age research, capacity building, and collabo-
rations until resolution or clarity is reached, 
which may disproportionately impact fragile 
or weakened states (7 Chap. 7).

5  Pathways for Global Governance

The trend in recent decades has been toward 
an increasing number of both infectious dis-
ease events and complex humanitarian crises 
emerging in failed and weak states, sometimes 
in tandem, as we have seen. Addressing the 
challenges of infectious disease events will 
require a multitude of steps, although there 
are no simple answers. Given the global 
impacts of the COVID-19 pandemic, there is 
a risk that the perspectives and experiences of 
fragile and weakened states may be sidelined, 
and explicit efforts should be taken to include 
fragile state experiences in any international 
legal and governance reform.

5.1  Strengthening 
the Health-Security Interface

Integrating health and security professionals 
(including defense, law enforcement, and 

national security/foreign policy experts) 
involved in research and response to infec-
tious diseases in complex environments is 
imperative for trust-building, information- 
sharing, and laying a foundation for coopera-
tion in crises. A multilateral approach to 
achieving this is through support of existing 
WHO efforts to build and strengthen the 
WHO Health Emergencies Programme. 
Active discussions are underway to consider 
how to strengthen this program in the post- 
pandemic environment. This support could 
include increased staffing, as well as policy 
reforms to specifically identify and develop 
response capacity and standard operating 
procedures for future outbreaks in nonper-
missive environments, where insecurity means 
health providers are under threat. WHO can 
also more fully develop plans and certification 
processes for emergency medical teams spe-
cifically trained to operate in fragile states and 
complex environments, building on experi-
ences and lessons identified in Iraq and 
Palestine (WHO 2020a).

WHO does not have the personnel or 
resources to sustain long-term deployment to 
outbreaks in nonpermissive environments with-
out major implications for other areas of opera-
tion. Additionally, WHO currently has neither 
the mandate nor the resources nor the expertise 
to lead in a public health emergency that is 
deliberate in origin (i.e., bioterrorism, biological 
warfare). A better-resourced WHO, along with 
another high-level entity in the United Nations 
system—whether an existing or new depart-
ment—with the mandate to govern such com-
plex responses would improve global response 
capacity in this area (Cameron et al. 2019).

National, regional, and international pub-
lic health response teams must also adapt to 
the increasingly complex environments in 
which disease outbreaks occur. Scientific 
training and skills must be augmented by 
training in operationally challenging and 
often insecure environments. Adapting basic 
disease prevention and control efforts to 
limited- resource settings and considering the 
political, cultural, and social aspects of inter-
ventions, including emergency clinical 
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research, from design to implementation are 
increasingly understood as essential to effec-
tive response (7 Chap. 26). The proper role of 
security forces engaged in public health 
response is another complex question; at a 
minimum, they should be trained in humani-
tarian principles such as impartiality and neu-
trality to ensure effective coordination and 
cooperation across sectors.

5.2  Risk Assessment 
and Information Sharing

The creation of standardized frameworks to 
assess and manage risk in nonpermissive envi-
ronments could help governments make tough 
but appropriate calls with regard to deploy-
ment of public health professionals. 
Epidemiologists regularly engage in formal-
ized processes of risk assessment during dis-
ease outbreaks, considering a variety of 
factors relevant to public health. 
Nonpermissive environments introduce addi-
tional factors to this calculation. With the 
expertise of security and foreign policy 
experts, in addition to input from epidemiolo-
gists, other experienced emergency response 
personnel, and global health leaders, existing 
epidemiological risk assessment and manage-
ment tools can be adapted to include relevant 
security considerations, including troop 
movements and guidance on engaging with 
subnational governance figures.

A transparent mechanism of information- 
sharing among potentially hostile actors can 
protect epidemiological information essential 
for response but risky to share publicly. For 
example, news that a political figure was 
infected with a disease could serve propa-
ganda ends for one side in a conflict. 
Disclosure that a medical NGO was the 
source of such sensitive information might 
have violent repercussions. An internationally 
recognized tool to share pertinent health 
information, with safeguards to protect the 
identities of patients and reporting parties, 
might allow previously unattainable levels of 
surveillance in nonpermissive environments.

5.3  Ethical Challenges

Often fragile states lack the ability to suffi-
ciently monitor research ethics in their coun-
tries. Much needed research is conducted by 
outside entities, including the humanitarian 
community. In the DRC Ebola outbreak, 
international researchers, partnering with 
Congolese Ministry of  Health officials, had 
to manage a clinical trials of  experimental 
vaccines and therapeutics in extraordinary 
circumstances, including a skeptical host 
population and limited infrastructure (Farrar 
2018). Lack of  access and security challenges 
can compromise methodologies, so research-
ers and regulators must be flexible in their 
demands, while still upholding high scientific 
and ethical standards, and support national 
governments in promotion of  the highest 
research standards possible (7 Chap. 33,  
In Practice 33.2 and 33.3) (Ford et al. 2009).

5.4  Participation in Global 
Governance Reform

Global governance reforms to research 
spurred by the COVID-19 pandemic—includ-
ing amendments to the IHR or negotiation of 
a new pandemic treaty—must proactively 
incorporate the perspectives of fragile and 
weakened states. This includes undertaking 
practical measures to ensure representatives 
from fragile states can be active negotiating 
partners during negotiations so that their per-
spectives are heard and incorporated into 
future governance regimes. In substance, law 
reform that seeks to impose obligations on 
countries must be developed in a manner that 
recognizes resource- constrained settings and 
self-determined priority setting. Differentiated 
responsibilities and capacity- building obliga-
tions on high-income countries are an oppor-
tunity to build in such recognition.

Negotiations must also facilitate civil soci-
ety participation and input, particularly where 
civil society serves as implementers, such as pro-
vision of primary healthcare and outbreak 
response. Fundamentally, international reform 
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efforts must not contribute to fragility or facili-
tate research practices that undermine the self-
determination and rights of peoples in fragile 
and conflict affected settings.

? Discussion Questions
 1. How did the COVID-19 pandemic 

exacerbate fragility and weakness in 
some states?

 2. What is the potential role of  security 
forces (military and police) in imple-
menting public health interventions?

 3. What are the risks in using security 
forces for public health goals, whether in 
fragile states or elsewhere? How can the 
risks be mitigated?

 4. In countries where protocols and 
enforcement bodies to regulate infec-
tious disease research are inadequate, 
what standards should international 
organizations follow to ensure ethical 
practice?

 5. Is there a point at which research should 
not be conducted due to the fragility of 
the situation or lack of  oversight?

 6. What are the risks that governance 
reform in light of  the COVID-19 pan-
demic might pose to fragile and weak-
ened states?

 7. How can the perspectives of  fragile 
and weakened states be better incorpo-
rated into international law and gover-
nance reform?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The roles of USAID in responding to 
humanitarian crises that arise from infec-
tious disease outbreaks

 5 The humanitarian principles that underlie 
BHA’s core values and how these values 
guide their actions

 5 The responsibilities of a USAID Disaster 
Assistance Response Team (DART) in 
coordinating the U.S. Government’s 
response to humanitarian crises

 5 How the prevailing humanitarian crisis in 
the northeast DRC complicated emergency 
response to the Ebola outbreak there in 
2018–2020

 5 How and why USAID expanded its human-
itarian response to respond to health needs 
aside from Ebola virus disease

 5 Important aspects of BHA’s response to the 
Ebola outbreak in North Kivu and Ituri
 – Factors that contributed to a lack of 

community engagement in this response
 – Five strategic priorities in the response 

to the northeastern DRC Ebola out-
break

 – How USAID addressed distrust and 
misconceptions about Ebola virus dis-
ease

1  Introduction

When the Government of the Democratic 
Republic of the Congo (DRC) designated 
Ebola Outbreak 10 in North Kivu on August 
1, 2018, the country was already in the throes 
of an ongoing humanitarian crisis. 
Approximately 5.5 million people in the DRC 
were displaced from their homes, and decades-
long armed conflicts and popular disaffection 
from the government in Kinshasa created a 
complicated environment that left affected 
communities hard to reach and wary of out-
side aid workers and response efforts (Maxmen 
2019).

Armed attacks on Ebola response teams 
and health facilities slowed response efforts. 
Distrust from communities that had been mar-
ginalized or exploited for decades left fertile 
ground for mistrust of all authorities, feeding 
misconceptions about the disease and emer-
gency responders, including beliefs that Ebola 
was created to wipe out populations, extort 
money from people, or prevent participation 
in elections. In eastern DRC, where thousands 
are killed yearly by violence and thousands 
more die from easily preventable diseases, see-
ing the international community rapidly ramp 
up resources to combat Ebola sowed distrust 
and misconceptions about the disease.

“Geographically, our teams had limited 
ability to travel to the areas that were hit hard-
est by the outbreak because of the ongoing 
violence that has plagued these communities 
for decades,” Dr. Jolene Nakao, a former 
United States Agency for International 
Development (USAID) health advisor, 
explained. “There were also cultural differ-
ences, as well as complicated dynamics 
between the communities in the affected 
regions and the Government of the DRC” 
(interview by authors).

Even before the Ebola outbreak, more 
than 3.4 million people in North Kivu and 
Ituri provinces needed humanitarian aid. The 
outbreak further tested international humani-
tarian emergency response, even with techno-
logical innovation and widespread emergency 
use of a new vaccine carried out by the World 
Health Organization (WHO) and an assort-
ment of partners, including the DRC 
Government (Cohen 2018).

More than two and a half  years later, the 
outbreak was declared over with the help of 
USAID’s Bureau for Humanitarian 
Assistance (BHA), the Centers for Disease 
Control and Prevention (CDC), WHO, and 
others, but not without reaching a grim mile-
stone. Having spread to two other provinces 
in the DRC, it had become the second-worst 
Ebola outbreak in history, leaving 2280 peo-
ple dead (WHO 2020).
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       . Fig. 1 To help stop the spread of  the Ebola virus, 
USAID supported water, sanitation, and hygiene pro-
grams, as well as social mobilization programs that pro-
vided guidance to local communities on how to protect 
themselves from the Ebola virus disease. (Courtesy 
USAID)

“In the beginning, there was a lot of con-
fusion about whether this was a health crisis 
or a humanitarian crisis,” USAID Health 
Advisor Sonia Walia explained. “In reality, it 
was both, and both sides needed to be 
addressed” (interview by authors) (. Fig. 1).

USAID’s humanitarian experts had 
responded for the first time to an emergency 
primarily caused by a large-scale infectious 
disease outbreak in 2010, when cholera in 
Haiti ravaged communities already reeling 
from a catastrophic earthquake; the next time 
they responded was in 2014, when the West 
Africa Ebola epidemic required a multisec-
toral, multinational global response in three 
countries that ranked among the world’s least 
developed but were not considered to be in a 
humanitarian emergency before the outbreak. 
The DRC outbreak, as noted, exacerbated an 
existing humanitarian and civil conflict emer-
gency. Coronavirus disease 2019 (COVID-19) 
has since then struck the whole world, with 
greater or lesser intensity, in a brief  period if  
not quite simultaneously. As scientists from 
many disciplines look to the future, they agree 
that populations everywhere—most acutely in 
countries with the least resources—face a 
future with increased pressures arising from 
climate change and environmental degrada-

tion, bringing novel and re-emerging infec-
tious disease outbreaks as one of the likely 
consequences (Folke et al. 2021; Morand and 
Walther 2020). USAID and fellow humani-
tarian response workers are acutely aware of 
this probable future and are working hard to 
learn from the immediate past and plan for an 
uncertain future.

2  USAID and the U.S. 
Government’s Role in Health 
Crises

The United States—in close cooperation with 
its international partners—prevents, detects, 
and responds to infectious disease threats at 
home and abroad. USAID plays a critical role 
in coordinating the U.S. Government’s global 
health security efforts with other departments 
and agencies, donors, and multilateral organi-
zations, as well as through our long-standing 
partnerships with developing countries. 
USAID partners with the Department of 
State, the Department of Health and Human 
Services (HHS), the Centers for Disease 
Control and Prevention (CDC), the National 
Institutes of Health (NIH), and other depart-
ments and agencies to respond to infectious 
disease-related crises. USAID is also a leading 
partner in implementing the Global Health 
Security Agenda (GHSA), an international 
initiative launched in 2014 to advance health 
security priorities multilaterally, bilaterally, 
and domestically (GHSA 2022). The GHSA 
brings together countries, international and 
nongovernmental organizations, and the pri-
vate sector to work toward common goals for 
global health security. USAID’s Global 
Health Bureau works to strengthen the capac-
ities of partner countries to reduce the risk 
and impact of emerging infectious disease 
threats and outbreaks by ensuring the neces-
sary systems and knowledge are in place to 
prevent avoidable outbreaks; detect threats 
early; and respond rapidly and effectively 
when outbreaks occur.
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USAID’s Bureau for Humanitarian 
Assistance (BHA) is the lead U.S. federal 
coordinator for international disaster assis-
tance. BHA takes a holistic look at humani-
tarian aid and assists before, during, and after 
crises, from readiness and response to relief  
and recovery. This includes life-saving 
humanitarian assistance—food, water, shel-
ter, emergency healthcare, sanitation and 
hygiene, and critical nutrition services—for 
the world’s most vulnerable and hardest-to-
reach people.

BHA responds to natural disasters like 
earthquakes, cyclones, droughts, and complex 
or anthropogenic disasters, such as the ongo-
ing conflict in Syria. When appropriate, BHA 
can also respond to international health emer-
gencies that occur during or become a human-
itarian crisis. Examples include the 2014–2016 
West Africa Ebola outbreak, the 2018–2020 
DRC Ebola “Outbreak 10,” and global dis-
ruptions during the COVID-19 pandemic. In 
these contexts, BHA’s focus extends beyond 
the health crisis to address the possible 
humanitarian impacts.

Other U.S.  Government agencies focused 
on global health, especially CDC and NIH, 
also work to detect, prevent, and respond to 
infectious disease outbreaks, along with many 
others worldwide, including nongovernmental 
organizations (NGOs), other governments, 
and international organizations, especially 
WHO. Many of them are poised to respond to 
outbreaks well before they become humani-
tarian crises requiring disaster assistance. 
Still, in a case like DRC Outbreak 10 where 
the humanitarian situation was already dire, 
or the West Africa outbreaks, BHA can bring 
vital organizational and logistical capabilities 
to the scene.

2.1  USAID’s Leadership 
on International Disaster 
Response

2.1.1  History of the USAID Bureau 
for Humanitarian Assistance

Special Coordinator Designation: The 1975 
amendment to the Foreign Assistance Act 
authorized the U.S.  President to designate a 
“Special Coordinator for International 
Disaster Assistance,” a role assigned to the 
Administrator of USAID. However, no coun-
try or organization can effectively or effi-
ciently respond to a large-scale disaster alone. 
To provide effective humanitarian assistance, 
the U.S. Government must coordinate closely 
with key actors in the international humani-
tarian architecture. These include United 
Nations (UN) agencies and offices, NGOs, 
other government donors, and the Red Cross 
and Red Crescent movement.

2.1.2  BHA Guiding Framework
Core Values: BHA’s humanitarian action is 
guided by a set of core values inspired by 
fundamental humanitarian principles.

Needs-Based Assistance: BHA is first and 
foremost focused on people who have been 
affected by disasters. The Foreign Assistance 
Act directs the President to “ensure that the 
assistance provided by the United States shall, 
to the greatest extent possible, reach those 
most in need.” Consistent with this legislative 
requirement, BHA strives to provide assis-
tance based on need. BHA ensures that peo-
ple who are more vulnerable to disasters due 
to age, gender, disability, or other factors can 
equally benefit from assistance provided to 
the community.

Box 1: Humanitarian Principles Guiding 
Humanitarian Action
Humanitarian organizations are guided by 
four overarching principles:

Humanity. Human suffering must be 
addressed wherever it is found. The purpose 
of  humanitarian action is to protect life and 
health and ensure respect for human beings.

Neutrality. Humanitarian actors must not 
take sides in hostilities or engage in political, 
racial, religious, or ideological controversies.

Impartiality. Humanitarian action must be 
carried out based on need alone, giving priority 
to the most urgent cases of distress and making 
no distinctions based on nationality, race, gen-
der, religious belief, class, or political opinions.
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Commitment to People Affected by Disasters: 
BHA believes that people affected by a disas-
ter should be at the center of the response 
and, as such, should be actively involved from 
start to finish, including in the design of pro-
grams. Recognizing that the affected commu-
nities and governments are the first responders 
in most disasters, BHA seeks, whenever pos-
sible, to build upon country capacities at all 
levels to prepare for and respond to emergen-
cies.

Commitment to Transparency and 
Accountability: BHA seeks to be transparent 
and accountable to the American people who 
fund our work through their taxes, the affected 
populations we serve, and the partners we 
work with daily. BHA strives to apply indus-
try best practices in monitoring, evaluation, 
and reporting to ensure that it meets its 
accountability and learning responsibilities.

Professionalism and Integrity: BHA strives 
to conduct itself  professionally, making deci-
sions based on technical knowledge and sup-
porting program quality and continued 
innovation. BHA also seeks to conduct itself  
with integrity in its interactions with all parts 
of the humanitarian community as well as the 
local population.

Adaptability and Flexibility: The commu-
nity’s needs and the resources available to 
respond can change very quickly after a disas-
ter or during a conflict. As a part of its com-
mitment to placing the needs of those affected 
first, BHA places a high value on remaining 
flexible and adaptable to the changing situa-
tion during a response.

2.1.3  USAID Disaster Assistance 
Response Team (DART)

Activating and deploying a DART enables 
BHA to provide full-time, focused attention 
to a disaster response on the ground. A DART 
is a team of disaster response specialists coor-
dinating U.S.  Government assistance in 
response to an international disaster.

A DART can be mobilized quickly, often 
within 24  h. The DART is supported by a 
counterpart Response Management Team 
(RMT) in Washington, DC.  The DART 
coordinates field-based U.S.  Government 
engagement in the response and the provi-
sion of  humanitarian assistance by deter-
mining the strategy and field-level approach 
to humanitarian relief. This strategy will 
include the sectors and geographic areas 
most in need of  U.S. assistance; the place-
ment and use of  resources (commodities, 
personnel, and equipment); and the identifi-
cation of  program priorities and qualified 
implementing partners. In so doing, the 
DART seeks to address challenges and issues 
encountered in the affected country or 
region.

The DART’s activities vary depending on 
the type, size, complexity, and location of the 
disaster. The DART assesses disaster impacts 
and humanitarian needs, reports on the disas-
ter situation, and recommends follow-up 
actions, including the targeting and imple-
mentation of U.S. relief  assistance and sug-
gested funding levels. Based on these 
assessments, the DART helps develop and 
implement a U.S. Government response strat-

Operational Independence. Humanitarian 
action should be autonomous from political, 
economic, military, or other objectives that 
any actor may hold with regard to areas where 
humanitarian action is being implemented.

These principles were first stated in this 
form by the International Committee of  the 
Red Cross (ICRC) in 1921, when the organiza-
tion proclaimed that its action in conflict situ-

ations was based on impartiality and political, 
religious, and economic independence. 
Humanitarian organizations who remain 
impartial, independent, and neutral more 
often gain the trust and acceptance of  local 
populations, local and national authorities, 
and parties to a conflict, without which 
humanitarian access is difficult, if  not impos-
sible, to negotiate (ICRC 1996).
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egy and provides an operational presence 
capable of carrying out activities such as:

 5 Providing technical assistance
 5 Coordinating the movement and consign-

ment of relief  commodities
 5 Analyzing the existing capacity of the 

affected country’s infrastructure and par-
ticipating relief  agencies to ensure an 
appropriate, efficient response

 5 Reviewing and recommending approval 
for relief  program proposals

 5 Coordinating relief  efforts with the 
affected country, other donors, relief  agen-
cies, and other U.S. Government entities, 
including the U.S. military

3  DRC Ebola Outbreak 10 
(2018–2020)

Ebola virus disease is zoonotic and is likely car-
ried by bats, though this has not been conclusively 

demonstrated (Caron et al. 2018). There have 
been periodic outbreaks of Ebola virus disease 
(EVD) in humans throughout the DRC and spo-
radically elsewhere in Central Africa since the dis-
ease was first identified in an outbreak in 1976.

On August 1, 2018, the Government of the 
DRC declared its country’s tenth Ebola out-
break after four cases were confirmed in North 
Kivu province—an area where no previous 
 outbreaks had been identified. Two weeks later, 
a case was found in neighboring Ituri Province—
also a region that had no known previous Ebola 
outbreaks. The spread in these two provinces in 
northeast DRC aroused particular concern 
because of their high population density, high 
population mobility, and porous borders with 
adjacent countries such as Uganda. In addi-
tion, the northeast region of the DRC has been 
affected by deep-seated unrest and violent con-
flict for many decades, with conflict becoming 
more active in the two Ebola-affected provinces 
in 2017 (Wells et al. 2019).

Box 2: The UN Infectious Disease Response 
Scale-Up Declaration Protocol
The UN General Assembly created the Inter-
Agency Standing Committee (IASC) in 1991 
to serve as the highest-level humanitarian 
coordination forum, convening executive 
heads of  18 UN and non- UN organizations, 
including WHO and the United Nations 
Children’s Fund (UNICEF).

The aim of  the IASC is “to ensure coher-
ence of  preparedness and response efforts, 
formulate policy, and agree on priorities for 
strengthened humanitarian action.” The 
Emergency Relief  Coordinator (ERC) chairs 
the IASC to facilitate preparedness and effec-
tiveness of  the international community’s 
response to humanitarian crises triggered by 
natural disasters, conflicts, and infectious dis-
ease events.

For a sudden-onset emergency or when 
an ongoing humanitarian emergency deteri-
orates, the IASC will consider activating a 
Humanitarian System-Wide Scale-Up. An 
IASC scale-up activation is based on an 
analysis of  five criteria: scale, complexity, 

urgency, capacity, and risk of  failure to 
deliver effectively and at scale to affected 
communities. The activation scale-up deter-
mination is made by the ERC following the 
prescribed consultation and decision-mak-
ing processes between the IASC Principals, 
the relevant Resident Coordinator/
Humanitarian Coordinator, and the 
Emergency Directors Group (EDG). If  a 
Scale-Up is activated, it is a time-bound—
maximum 6  month—mobilization that 
ensures sufficient capacities and resources 
are deployed for enhanced leadership and 
response operations, along with evaluation 
and deactivation procedures.

The IASC Infectious Disease Scale-Up 
Protocol, established in April 2019, builds on 
these scale-up procedures to specifically 
address the evolution of  an infectious disease 
event, including the roles of  WHO, its 
Director-General, and WHO Member States 
under the International Health Regulations. 
The protocol also underscores the importance 
of  non-IASC organizations in responding to 
infectious disease events.
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By November 2018, the outbreak, which had 
spread to a third province, became the biggest 
Ebola outbreak in the DRC’s history and the 

second-largest Ebola outbreak known, behind 
only the 2014–2016 West Africa epidemic that 
killed more than 11,000 people (. Fig. 2).

       . Fig. 2 Response to DRC Ebola outbreak by USAID and implementing partners. (Courtesy USAID)
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3.1  BHA’s Ebola Response 
in the DRC

In mid-August 2018, USAID deployed a 
senior infectious disease advisor to the DRC 
to assess the response, including major gaps, 
challenges, and potential need for the response 
capabilities of USAID’s humanitarian part-
ners, many of whom have worked in the DRC 
for decades.

On September 5, the U.S. Chargé d’affaires 
in Kinshasa officially declared a disaster due 
to the magnitude of the outbreak, paving the 
way for a larger U.S. response. In late 
September 2018, the U.S.  Government acti-
vated and deployed a DART made up of 
disaster and health experts from USAID and 
CDC to the DRC.  To coordinate with the 
DART, two teams were set up in the United 
States—a USAID Response Management 
Team (RMT) based in Washington, D.C., and 
a CDC Ebola Incident Management Team in 
Atlanta. USAID also had a liaison to the 
CDC Ebola Incident Management Team, and 
CDC had a liaison to the USAID RMT and a 
deputy on the DART.

The DART began conducting assessments 
and coordinating with Ebola response actors 
and other humanitarian agencies to make rec-
ommendations for USAID funding. These 
recommendations included supporting NGOs 
to provide disease surveillance, case investiga-
tion, contact tracing, border health security, 
and patient management in Ebola treatment 
units. USAID provided support for the 
International Medical Corps 20-bed Ebola 
Treatment Unit in Makeke village, Mabalako 
town, which opened in September 2018.

As the response progressed, additional 
challenges presented themselves. At alarming 
rates, healthcare workers contracted Ebola 
through hospital-acquired (nosocomial) 
transmission. This was largely due to inade-
quate infection prevention and control mea-
sures (IPC) and water, sanitation, and hygiene 
(WASH) standards at health facilities.

“This is also the first Ebola outbreak to 
occur in North Kivu, which had limited health 
infrastructure to begin with, and there was 
limited capacity for health care providers to 

rapidly detect cases and protect themselves,” 
said Dr. Linda Mobula-Shufelt, a former 
USAID health advisor. “As a result, many 
health care providers have unfortunately con-
tracted Ebola.”

To help mitigate this spread, USAID 
began funding partners to help strengthen 
IPC measures and train healthcare workers 
and staff  on best practices in case detection, 
triage, patient screening, and waste manage-
ment. Over the first year of the response, 
USAID supported IPC measures in more 
than 360 health facilities across more than 20 
health zones in eastern DRC.

After cases were confirmed in Goma, a 
city of approximately 600,000 people near the 
DRC’s border with Rwanda, USAID’s Bureau 
of Global Health began supporting prepared-
ness efforts there, as well as in provinces adja-
cent to the outbreak zone and the bordering 
countries of Rwanda, South Sudan, and 
Uganda.

In coordination with USAID, and in addi-
tion to public health and medical treatment 
efforts, a vaccination program under a WHO 
Emergency Use Assessment and Listing 
(EUAL) procedure started in August 2018 
with frontline healthcare workers and ulti-
mately vaccinated more than 300,000 people 
at risk through a ring strategy (7 In Focus 
22.1), whereby contacts of those who had 
been affected along with contacts of these 
contacts received the vaccine. This is believed 
to have contributed to ending Outbreak 10. 
Based on earlier research in West Africa and 
the results of the monitored vaccination cam-
paign in DRC, the vaccine was later approved 
by the U.S. Food and Drug Administration 
(FDA) (FDA 2019a, b; WHO 2018a, b, 2019a, 
b, 2020).

Also in the context of the humanitarian 
emergency, the DRC National Biomedical 
Research Institute and NIH spearheaded a 
successful trial of therapeutic agents for Ebola 
patients during the outbreak (7 In Practice 
17.1). The study ended early when it demon-
strated that two of the four investigational 
therapeutics being administered were superior 
to the other two; the two efficacious treat-
ments also received regulatory approval (FDA 
2020a, b; Mulangu et al. 2019).
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3.2  Challenges to the International 
Ebola Response

The DRC had been facing decades of human-
itarian crisis brought on by multiple local and 
international conflicts. Continued violence 
was driving people from their homes and dis-
rupted access to markets, agriculture, schools, 
health services, and livelihoods. There were 
reports of horrific violence against civilians, 
including executions, detentions, arrests of 
children, use of child soldiers, and sexual vio-
lence.

“Conflict is the biggest barrier to fighting 
the disease,” noted Dr. Mobula-Shufelt. “The 
ongoing fighting has limited access to Ebola 
hotspots and prevented teams from conduct-
ing key interventions, like tracing contacts, 
vaccinating patients, and case investigation.”

Misinformation about Ebola and the 
Ebola response was rampant. Many commu-
nities did not understand or agree with the 
outsized international attention on the 
 outbreak, following the far more deadly 
impact from years of violence that had gar-
nered significantly less global attention and 
the presence of other long-standing public 
health issues, such as measles.

“In the DRC, there are a lot of misunder-
standings about the disease,” said Dr. Mobula- 
Shufelt. “During a previous outbreak in 
Équateur Province, communities believed 
Ebola was caused by witchcraft. Right now, 
communities in North Kivu and Ituri believe 
Ebola was started as a way to wipe out the 
population in Beni. They also believe that 
politicians are spreading false information 
about the outbreak as a way to gain political 
support for the upcoming elections. There’s 
also a high level of community reticence and 
mistrust towards responders” (interview by 
authors).

3.3  Scaling Up the Response

After nearly a year of fighting Ebola as strictly 
a health crisis, public health officials conceded 
that their battle plan was failing. They pro-
posed a comprehensive new strategy for con-

taining the virus that reframed the epidemic 
as a regional humanitarian crisis, not simply a 
health emergency.

On May 30, 2019, the IASC Principals, on 
the recommendation of the Director-General 
of WHO and the IASC Emergency Directors 
Group, unanimously agreed on the need to 
activate the newly established IASC 
“Humanitarian System-Wide Scale-Up 
Activation Protocol for the Control of 
Infectious Disease Events” for Ebola 
Outbreak 10. In accordance with the proto-
col, UN Under-Secretary General and 
Emergency Response Coordinator (ERC) 
Mark Lowcock carried out the recommenda-
tion and formally activated the scale-up, 
focused on health zones in the DRC provinces 
of Ituri and North and South Kivu, where 
Ebola transmission was occurring and likely 
to continue; there was the option of including 
other areas should the disease spread (IASC 
2021).

IASC Principals determined that the scale-
 up activation for the DRC Ebola Outbreak 10 
should focus on the following five strategic 
priorities:
 1. Strengthened political engagement to cre-

ate an enabling environment for the 
response

 2. Strengthened multisectoral humanitarian 
coordination that fosters greater commu-
nity engagement

 3. Timely and sustainable financing, moni-
toring, and reporting on the use of funds 
in collaboration with the World Bank and 
key donors

 4. Enhancing the public health response, 
working with the Ministry of Health

 5. Leadership for a contingency cell in Goma 
and redoubled preparedness efforts in 
other countries (Burundi, South Sudan, 
Rwanda, and Uganda)

The decision to activate a UN scale-up, the 
first time the protocol was used since it was 
established in April 2019, followed 9 months 
of public health response to the outbreak, 
when all indicators were deteriorating, and 
risk of geographic spread was high. Approxi-
mately 30 security incidents—including 
attacks on treatment centers and healthcare 
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workers—have slowed the Ebola response 
since February 2019. Confirmed Ebola cases 
were continuing at a high level, and other pub-
lic health indicators, such as rates of effective 
patient isolation and healthcare worker infec-
tions, had severely deteriorated.

Up to this point, the coordination between 
the primary health actors—WHO, the DRC 
Government and the Ministry of Health—
with the broader humanitarian community 
was minimal and at times confrontational 
(Crawford and Holloway 2021). The attempt 
to treat the Ebola outbreak in isolation from 
the broader humanitarian context resulted in 
the underutilization of humanitarian medical 
providers, who not only had the technical 
skills to address the outbreak but many of 
whose staff  had relationships within the com-
munity. Exacerbating tensions was the fact 
that many of the DRC Ministry of Health 
staff  working on the Ebola response were 
brought in from the capital, Kinshasa, dis-
placing local, trusted health personnel. The 
lack of familiarity with these new entities had 
knock-on negative effects on community rela-
tionships, as new health actors were not 
trusted by local communities and sometimes 
resorted to using escorts to reach affected 
areas. Furthermore, these newcomers were 
not experienced in negotiating for unimpeded 
humanitarian access, resulting in problematic 
engagements with armed groups (7 Chap. 18, 
In Practice 18.1).

All of this contributed to a lack of commu-
nity engagement, which is essential for success-
ful research in a low-resource area, especially 
one where the motives of outsiders have often 
been mixed, if not exploitative. As the outbreak 
occurred within an ongoing complex humani-
tarian emergency, understanding the local con-
text and incorporating community feedback 
into all strategies was essential to turn the tide. 
In early 2019, the United States and other lead 
response donors urged the UN to take swift 
action and reset the international response, 
emphasizing adopting a community-based 
strategy. The humanitarian scale-up provided 
for leadership and multi-sector strategies aimed 
at strengthening the outbreak response through 
greater community engagement and coordina-
tion with the Government of the DRC.

USAID expanded its response to include 
programs that addressed needs other than 
stopping the Ebola outbreak and provided a 
more comprehensive approach for affected 
communities. These activities included provid-
ing primary health care and treating and pre-
venting endemic diseases like malaria and 
measles, which caused more mortality and 
morbidity than Ebola virus disease. Most sig-
nificantly, USAID’s expansion of its Ebola 
response allowed partners to provide services 
that—while not directly addressing Ebola pre-
vention, containment, and treatment—
reflected community priorities and helped 
build community trust. By supporting the pro-
vision of latrines, potable water, and vocational 
training programs, for example, USAID 
addressed humanitarian needs that the com-
munity found more urgent and felt had a more 
significant impact on their well-being.

To address rampant distrust and miscon-
ceptions about the disease, USAID also 
ramped up community mobilization programs 
that sought to raise awareness and acceptance 
of the disease through outreach activities and 
improved communication with affected com-
munity members. USAID partners worked 
with local community members—including 
Ebola survivors, religious leaders, youth 
groups, and women’s groups—to be a part of 
the response and help deliver Ebola prevention 
messages to their own communities. USAID 
also funded radio shows, public service 
announcements, news and rumor-control bul-
letins, and trained journalists to provide more 
accurate information about the disease. 
USAID sponsored more than 100,000 radio 
broadcasts designed to educate communities 
on Ebola risk and prevention techniques.

While it is difficult to measure whether all 
of these activities improved community 
acceptance of Ebola given the dynamic factors 
of the response, members of USAID’s disas-
ter response team say these approaches helped 
“move the dial” on community perceptions 
(7 In Practice 18.2).

“The criticality of community engagement 
is the largest lesson, but it’s not a new one,” 
explained Dr. Jolene Nakao, former USAID 
Health Advisor. “It is something that should 
run through and through everything we do as 
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humanitarians and in international aid at 
large. All humanitarian action needs to be led 
and driven by the affected communities. 
Empowerment cannot be just a development 
catchphrase. This response reminds us all of 
the centrality of this” (interview by authors).

3.4  The End of Outbreak 10 
and Looking Ahead to Future 
Health Crises

On June 25, 2020, the DRC declared an end to 
the outbreak in eastern DRC. However, only 
weeks earlier, on June 1, 2020, the DRC 
Ministry of Health declared a new outbreak 
in Équateur Province in northwestern DRC, 
one that was not connected to the epidemic in 
eastern DRC (WHO 2020). The emergence of 
COVID-19  in 2020 further complicated the 
response to this new outbreak, diverting 
attention and resources and creating new 
obstacles to keeping frontline workers safe.

In response, USAID shifted its efforts to 
focus on the new outbreak in Équateur 
Province while continuing to support post- 
outbreak efforts in eastern DRC.  From an 
administrative perspective, the inherent flexi-
bility intentionally built into USAID’s 
humanitarian grants was critical in allowing 
partners to effectively shift their programs 
both programmatically and geographically. 
Many grants were structured in such a way 
that USAID could rapidly deploy funding 
without bureaucratic modifications, allowing 
the agency to pivot its response westward to 
address the new outbreak. This included 
monitoring and providing follow-up care to 
the survivors in eastern DRC, as the virus can 
persist in body fluids in some survivors for an 
extended period, as well as continued commu-
nity engagement and education to minimize 
the risk of transmission from survivors and 
mitigate stigmatization. After 6  months, on 
December 31, 2020, USAID stood down its 
response to Ebola in the DRC. This marked 
the first time in more than 2  years that the 
DRC was Ebola-free.

Subsequent outbreaks of Ebola in the DRC 
were successfully addressed by USAID’s 
Bureau for Global Health, USAID’s DRC 

Mission, and other partners without requiring 
a humanitarian response. USAID continues to 
maintain staff within the DRC focused on the 
ongoing humanitarian crises and the 
U.S. Government’s investments in the country’s 
health systems, water infrastructure, and global 
health security, and will continue to help the 
DRC as it confronts new health challenges.

? Discussion Questions
 1. Discuss the roles of  USAID and the 

U.S. Government when responding to 
infectious disease outbreak health cri-
ses.

 2. BHA’s humanitarian action is guided 
by a set of  core values inspired by fun-
damental principles.
 (a) Discuss the humanitarian princi-

ples that inspire BHA’s core val-
ues.

 (b) Discuss the core values that guide 
BHA actions.

 3. Activating and deploying a DART 
enables BHA to provide full-time, 
focused attention to a disaster response 
on the ground. DART activities vary 
depending on the type, size, complexity, 
and location of  the disaster. Discuss 
some of  these activities.

 4. Highlight important aspects of  BHA’s 
Ebola Outbreak 10 response in the 
DRC.

 5. Discuss how the DRC humanitarian 
crisis increased challenges to the inter-
national Ebola response.

 6. What factors contributed to a lack of 
community engagement and proved to 
be a significant barrier to fighting the 
Ebola Outbreak 10?

 7. What were the five strategic priorities 
on which the Scale-Up activation for 
the DRC Ebola Outbreak 10 focused?

 8. Discuss how USAID expanded its 
humanitarian response to include pro-
grams that addressed health needs 
other than Ebola and provided a more 
comprehensive health approach for 
affected communities.

 9. How did USAID address rampant dis-
trust and misconceptions about the 
Ebola disease?
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 10. Discuss how USAID shifted its efforts 
to focus on the new outbreak in 
Équateur Province while continuing to 
support post-outbreak efforts in east-
ern DRC although the emergence of 
COVID-19 complicated the response.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 How the U.S.-Liberia partnership PRE-
VAIL managed and coordinated research 
efforts during the 2014–2016 Ebola out-
break

 5 How the West African Ebola experience 
has influenced subsequent response to EID 
emergencies and can inform future EID 
response preparedness

 5 Prerequisites for an effective response to the 
emergence of a new pathogen

 5 Requirements for maintaining the capacity 
to conduct such a response

 5 Benefits of an operational, clinical research 
capacity absent an EID emergency

 5 Ways to improve capacity to detect, con-
tain, and develop medical countermeasures 
for a newly emergent disease

1  Introduction

The clinical research carried out in West 
Africa during the 2014–2016 Ebola outbreak 
helped create broad acceptance of expedited 
clinical research as an integral part of emer-
gency infectious disease response. In retro-
spect it was a milestone on the path to the 
worldwide research response that followed the 
emergence of severe acute respiratory system 
coronavirus-2 (SARS-CoV-2). As global 
attention turned to the Ebola outbreak in late 
2014, many responders were skeptical about 
the value of clinical research during an acute 
emerging or re-emerging infectious disease 
(EID) emergency. Some response organizers 
were reluctant to make resources available for 
clinical research, while others even questioned 
the morality of carrying out randomly con-
trolled trials while so many were dying 
(Adebamowo et al. 2014; London et al. 2018). 
Many were skeptical about whether a rigor-
ous, logistically complex research program 
could be implemented in time to affect the 
course of the outbreak in countries with little 
existing research capacity (NASEM 2017a). 
In the event, the clinical research on Ebola in 
West Africa demonstrated two things: that 

ethical, scientifically sound clinical research 
can be implemented successfully in a low- 
resource environment and that the global 
community must be better prepared to embark 
on such research quickly whenever and wher-
ever dangerous new pathogens arise (NASEM 
2017b). The West Africa research paved the 
way for subsequent research in the Democratic 
Republic of the Congo (DRC) which gener-
ated data for licensure of the rVSVDG- 
ZEBOV vaccine by the U.S. Food and Drug 
Administration (FDA), an approval recom-
mendation by the European Medicines 
Agency (EMA), and World Health 
Organization (WHO) prequalification, as well 
as FDA approval of two therapies for Ebola 
based on data gathered in a separate trial in 
the DRC (Ollmann Saphire 2020; WHO 
2019b) (. Fig. 1).

We have seen with SARS-CoV-2 the pro-
found results of a new pathogen sweeping 
through the human population, and we have 
all the more reason to be prepared to detect, 
identify, and prevent a newly emergent patho-
gen from spreading beyond its point of origin, 
wherever that may be. Of course, SARS- 
CoV- 2 first appeared in China, a country with 
formidable technical and scientific prowess, 
but it spread worldwide regardless. The high 
toll of COVID-19  in human morbidity and 
mortality around the world, including in the 
most prosperous countries, has cast a harsh 
light on the dangers of complacency in pre-
paredness and missteps in response 
(Osterholm and Olshanker 2020).

The rapid research response to Ebola in 
several least-developed countries, including 

.       Fig. 1 Photomicrograph of  the Ebola virus. (Photo: 
NIAID) (Public domain)
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Guinea, Liberia, and Sierra Leone, starting 
in 2014, and the research carried out during 
subsequent Ebola outbreaks in the DRC, 
demonstrated that expedited clinical research 
can be done just about anywhere, but also 
that preparedness and pre-existing capacity 
matter. Since we cannot predict where the 
next outbreak of  potential global concern 
will arise, we need to be prepared every-
where. When an outbreak hits a country that 
lacks public health preparedness and 
research infrastructure, the disease can more 
easily spread unchecked and even unde-
tected, with  accompanying human suffering 
and death. Especially in a fragile state 
(7 Chap. 16), the outbreak can grow into a 
complex disaster threatening economic 
activity, development, and societal stability. 
The more cases accumulate in any country or 
region, the greater the chances of  the disease 
spreading further: a pathogen spreading in 
Liberia today could be anywhere in the world 
tomorrow.

When the 2003 severe acute respiratory 
syndrome (SARS) outbreak spread from 
China to Hanoi, Singapore, and Toronto 
before being brought under control, it—along 
with the continuing threat of highly patho-
genic H5N1 avian influenza and the U.S. 
anthrax attacks in 2001—was a major impe-
tus in motivating completion of a revised ver-
sion of the International Health Regulations 
(IHR) (2005) (Tucker 2005; WHO 2016). The 
World Health Assembly resolution adopting 
the IHR urged all member states to meet their 
own obligations and to “provide support to 
developing countries … in the building, 
strengthening and maintenance of the public 
health capacities” required. However, the 
capacity to effectively implement the IHR has 
remained inadequate in many countries, and 
the world was once again rudely awakened in 
2014 to the real global threat of epidemic dis-
eases leaving the shores—or really, the air-
ports—of poor countries like Liberia, Sierra 
Leone, and Guinea. Not only was the Ebola 
virus not identified for months, but the decla-
ration of a Public Health Emergency of 
International Concern in August 2014 seemed 
far later than indicated to many observers 
(Wenham 2017). Then, when faced with 

SARS- CoV- 2 a few years later, many coun-
tries rated highest on evaluations of their IHR 
capacities did not cope very well (WHO 
2019a; Yong 2020).

2  Ebola Comes to West Africa

When the Ebola outbreak that apparently 
originated in the tiny village of Meliandou, 
Géckédou town in Guinea, crossed into neigh-
boring Liberia and Sierra Leone at the end of 
2013 or the start of 2014, there was no labora-
tory in any of the three countries that could 
rapidly test patient samples and identify the 
Ebola virus. In the event it was nearly 
four  months before the mysterious ailment 
was identified as Ebola, which had not been 
previously known to occur in West Africa 
(Coltart et  al. 2017). While samples from 
Liberia still had to be ferried by canoe to 
Conakry, Guinea, for testing, Ebola was rap-
idly creeping into the densely populated city 
of Monrovia. In Monrovia, patients brought 
the infection into hospitals lacking basic 
infection prevention and control (IPC); these 
hospitals became amplification zones that 
spread the disease across the country and 
potentially worldwide. Redemption Hospital 
in New Kru Town, Monrovia (. Fig. 2) thus 
amplified the disease in June 2014 and left 
many health workers dead in its wake, includ-
ing the Ugandan surgeon Samuel Muhumuza 
Mutooro (McCartney 2014). Health workers 
took Ebola with them to other hospitals and 
their families and homes. It killed many peo-
ple at Tandapolee Clinic and then appeared at 
Cynthia Nelson Clinic, taking a heavy toll on 
the nurses and their families (Onishi 2014). 
When an Ebola chain of infection from 
Nzerekore, Guinea, reached Liberia in 2016, 
after Liberia had been pronounced Ebola-
free, Redemption Hospital was better pre-
pared; the response stopped the chain of 
infections in its tracks after samples were 
taken and sent to the newly established Eternal 
Love Winning Africa Hospital (ELWA) test-
ing center for identification (de Wit et  al. 
2016). The result came back in hours and the 
ready response team quickly identified the 
cases and their contacts.
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.       Fig. 2 Redemption 
Hospital in New Kru 
Town, Monrovia, Liberia. 
(Photo: Robert A. 
Sorenson)

Events in West Africa in 2014 were a har-
binger of what we have seen since the start of 
2020. This time, thanks to a virus that could 
be spread by the asymptomatic infected with-
out direct contact, helped along by an inade-
quate public health response in many of the 
wealthiest nations, the outbreak became a 
global pandemic. The next new pathogen with 
human pandemic potential is likely to arise in 
a country with far less scientific and medical 
capacity than China, posing the risk of 
spreading undetected for a longer time.

3  Emergency Research Response 
to Ebola

Clinical research on Ebola medical counter-
measures (MCMs) implemented in 2014–2016 
produced preliminary results for the ZMapp 
experimental therapy (now superseded by 
more effective therapies) and rVSV-ZEBOV 
investigational vaccine by 2016. Advances in 
patient care measures also improved survival 
rates among EVD patients (Kiiza et al. 2020). 
Widespread use of the rVSV-ZEBOV vaccine 
in contacts and contacts of contacts of those 
infected in Guinea likely contributed to end-
ing the spread of the Ebola virus there, and 
the vaccine was later used to good effect in 
the DRC (Henao-Restrepo et al. 2017; Wells 
et al. 2019b). This is an example of how even 
research that does not meet its initial goals 

can contribute to stopping outbreaks, and it 
highlights the necessity of preparing to imple-
ment a research agenda from the outset of an 
infectious disease emergency (. Fig. 3).

The 2014–2016 Ebola outbreak in West 
Africa may turn out to be the last time in cur-
rent history that many responders doubted 
the value of clinical research as a component 
of response to a rapidly spreading infectious 
disease outbreak. Ebola had been an episodic, 
self-limiting infectious disease largely 
restricted to remote areas of Central Africa, 
and though vaccine and therapeutic candi-
dates had been created, investors did not 
believe the market would repay the costs of 
full clinical trials for these MCMs, nor did 
governments see Ebola as a sufficient threat to 
support such trials (Lakoff 2017). Investment 
in the rVSVDG-ZEBOV candidate vaccine 
developed by scientists from Public Health 
Canada was limited; some additional research 
on Ebola vaccines followed the 9/11 and 
anthrax attacks in the United States, based on 
bioterrorism concerns, and produced the 
ChAd3-EBO Z vaccine candidate, but neither 
went into full-scale clinical trials (Feldmann 
et al. 2018).

While the Ebola virus phenotype does not 
seen to have changed significantly before or 
during the West Africa epidemic, the new 
setting allowed it to spread rapidly among 
much larger populations, populations living 
in cities with airports where infected people 

426 M. P. Fallah



.       Fig. 3 Monrovia from 
the air. It was when Ebola 
reached West African 
capital cities with airports 
that it was first perceived 
as a global rather than a 
local threat. (Photo: Matt 
Kirchoff)

could embark for Europe and connecting 
flights around the world (Holmes et al. 2016). 
Global response was slow and generally 
ineffective until infected people began to 
arrive elsewhere (Otu et al. 2018), making it 
clear to all that this outbreak was not merely 
local. If  the 1918 influenza outbreak could 
spread worldwide in less than a year and kill 
around 50 million people in 1918, the world in 
2014 had become a global village with fast 
mass air travel. Ebola soon made its way to 
Europe and the United States, where few 
people were infected, but public reaction was 
intense (Towers et al. 2015). Global concerns 
kicked off  intensified efforts to accelerate 
clinical trials for vaccines and therapies to 
counter the spread of the disease and treat 
those infected.

4  Rapid Research Implementation 
and Capacity Building

The absence of research infrastructure in the 
countries hit by the Ebola outbreak in 2014, 
combined with the urgency of getting research 
results during the explosive outbreak, meant a 
paradigm shift to building research capacity 
while conducting the research program to 
inform a response targeted at reducing mor-
bidity and mortality and ending the current 

outbreak, rather than gathering data for 
future conclusions and application (Lane 
et al. 2016) (7 Chap. 8). The Liberia experi-
ence showed it was possible to initiate research 
on an Ebola vaccine and the therapeutic 
monoclonal antibody ZMapp (NASEM 
2017b). With hindsight, the go-ahead for pur-
suing a research response should have been 
given well before initial discussions between 
the Liberian Ministry of Health and the U.S. 
National Institutes of Health began in 
October 2014. Even when the program got 
 underway, and despite strong Liberian and 
U.S. governmental support for starting the 
research as soon as possible, a number of fac-
tors led to delay: limited knowledge and 
understanding about clinical research in 
Liberia among both health care personnel 
and the general public; absence of basic 
research infrastructure, tools, and personnel; 
and challenges with electrical power, clean 
water, and physical facilities. It took until 
February 2015 to get the research program 
fully operational with the launch of the first 
trial. The protocol had called for Phase II and 
III trials of two experimental vaccine candi-
dates, both expressing the surface Ebola virus 
glycoprotein through a recombinant virus. 
These were a recombinant vesicular stomatitis 
virus (rVSVDG-ZEBOV) and a recombinant 
DNA chimpanzee adenovirus type 3 (rChAd3-
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EBO Z) (Higgs et  al. 2017). By this time, 
however, public health measures were coming 
close to ending the outbreak, and the vaccine 
candidates remained in Phase II clinical trials 
since the number of newly infected people was 
insufficient for a planned Phase III trial (Doe- 
Anderson et al. 2016).

The same phenomenon would be seen in a 
therapeutic trial with the monoclonal anti-
body ZMapp (Prevail II Writing Group 2016). 
In spite of trial distribution across multiple 
sites in four countries (Liberia, Sierra Leone, 
Guinea, and the United States), there were 
never enough participants for the study to 
achieve adequate statistical power (Thielman 
et al. 2016). After taking thousands of lives, 
the epidemic had retired from the field before 
the new weapons against it could be honed. 
An earlier start to the research program and 
pre-outbreak investment in clinical research 
capacity in Liberia could have led to a quicker 
start and opportunities not only to determine 
the efficacy of MCM candidates but also to 
end the outbreak more quickly and avert 
much death and suffering. Greater readiness 
among outbreak response planners and per-
sonnel to integrate assessment of clinical 
research needs and then implement needed 
research would also have helped advance the 
start date of the studies.

The scientific, humanitarian, and medical 
world thus learned an important lesson: 
research had to be a core component of pre-
paredness and response for the world to be 
protected from the next epidemic. The 
U.S. National Academy of Medicine gathered 
a team to study the situation across the 
affected countries, interviewed former patients 
and community leaders as well as experts, and 
published a report that was a clarion call for 
research to form a core component of pre-
paredness and response to emerging and re- 
emerging infectious disease outbreaks 
(NASEM 2017b).

4.1  Missed Opportunities

Before the outbreak was finally identified as 
Ebola in March 2014, there were many missed 
opportunities for rapid response interventions 

in both epidemiological and clinical research 
(CDC 2016; Coltart et al. 2017). Initial public 
messaging seems to have conveyed to already 
distrustful communities that Ebola was a 
death sentence and that nothing could be 
done. With no cure or vaccine, a fearful and 
angry public spread rumors that the 
government had concocted an incurable 
disease or, equally implausibly, that the disease 
did not exist at all (Fassassi 2015). The 
U.S.  Ambassador to Liberia highlighted the 
dire situation of an epidemic in the absence of 
medical countermeasures. Liberians were 
flocking to the U.S.  Embassy, saying they 
would take anything to end the outbreak. In 
the face of such desperate requests for 
therapeutics or prophylaxis, the research 
infrastructure in Liberia was inadequate to 
implement a trial that could provide scientific 
evidence for large-scale use of any 
investigational new drugs (IND) or candidate 
vaccines, and it would take several months to 
build needed capacity. By the time a functional 
Ebola vaccine research program was 
underway, the perceived threat had receded, 
and case numbers were falling. Now mistrust, 
rumors, and suspicions about the vaccine 
research program began to circulate instead 
(Kobayashi et al. 2015).

4.2  Partnership for Research 
on Ebola Vaccine in Liberia 
(PREVAIL)

NIH and the Liberian Ministry of  Health 
embarked on addressing inadequate research 
infrastructure for the assessment of  MCMs 
against Ebola or a future outbreak through a 
structured partnership named the Partnership 
for Research on Ebola Vaccine in Liberia 
(PREVAIL). While its immediate goal was to 
carry out clinical research on Ebola MCMs, 
it also helped lay the foundations for a sus-
tainable research platform built by Liberian 
and American scientists, one that could carry 
out various studies (see . Fig. 4). Ultimately 
capacity built in connection with PREVAIL 
was brought to bear during the COVID-19 
pandemic. In cooperation with the Liberian 
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.       Fig. 4 Selected studies 
conducted on Ebola 
vaccines and therapeutics. 
(Author)

health system, including vertical programs 
like the National Malaria Control Program, 
the National AIDS Control Program, and the 
National Policy and Strategic Plan on Health 
Promotion (Ministry of  Health Liberia 2016; 
National AIDS Control Program 2022; 
National Malaria Control Program 2021) 
and local Liberian scientists, as well as 
funders who provided grants for training, 
laboratory equipment, and reagents, the 
human and the capital infrastructure are 
being built for a rapid clinical response to a 
future outbreak. The social mobilization, 
communications, and community engage-
ment (SMC) efforts connected with these 
research programs help build health research 
literacy across the country among varying 
stakeholders, so that distrust toward clinical 
research is reduced in case of  future programs 
(7 Chap. 18).

By September 2014, Liberia was account-
ing for over 50% of Ebola cases and deaths in 
West Africa, spurring the Liberian Health 
Minister to appeal directly to the U.S. Secretary 
of Health and Human Services to initiate clin-
ical research for rapid investigation of vac-
cines that could prevent the outbreak from 
spreading further, as well as therapeutics that 
would mitigate mortality among those 
infected with the deadly Ebola virus (Doe- 
Anderson et al. 2016).

The U.S. National Institute of Allergy and 
Infectious Diseases (NIAID) deployed one of 
its senior scientists, Deputy Director for 
Clinical Research and Special Projects 
H. Clifford Lane, to Liberia to lay the ground-
work for the research program. He respected 
the autonomy of Liberian health officials in 
deciding whether to accept or reject candidate 
vaccines and therapeutics. Further, he allowed 
them to commit themselves to exploring clini-
cal research to support the response. This led 
to the formation of the Partnership for 
Research on Ebola Vaccines in Liberia 
(PREVAIL), with members from both Liberia 
and the United States, and its continuing 
research program. This partnership first 
agreed on these foundational response 
research goals:
 1. Mitigate morbidity and mortality.
 2. Accelerate the end of the outbreak.
 3. Generate regulatory-level data for medical 

countermeasures.
 4. Improve outbreak response to prevent or 

mitigate future outbreaks.

4.3  Research Response to Mitigate 
Morbidity and Mortality

In response to a rapidly spreading infectious 
disease, like the 2014–2016 Ebola outbreak in 
West Africa and subsequent Ebola outbreaks 
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in the DRC, and more recently the emergence 
of SARS-CoV-2, it is crucial to implement a 
research program that, if  successful, will cause 
the epidemic curve to plateau and then decline. 
An outbreak that continues to grow in the 
face of a visible response undermines trust in 
the responders. This tends to further fuel 
resistance, denial, and, in the case of Ebola, 
reluctance to send infected people to Ebola 
treatment centers and insistence on conduct-
ing unmodified traditional burials in secret 
rather than following safety guidelines. As a 
result, more people are exposed to the disease, 
increasing the regional or global risk of dis-
ease transmission.

Conducting research on promising candi-
date vaccines and therapies before an out-
break is a crucial preparedness strategy, 
allowing for expedited research response to 
infectious disease outbreaks. This was a major 
goal of the Coalition for Epidemic 
Preparedness Initiatives and the NIAID 
Prototype Pathogen Approach to prepared-
ness, both established after the West Africa 
Ebola outbreak (Cassetti et  al. 2022; CEPI 
2022a). The challenge in the case of the West 
Africa Ebola outbreak was that, while there 
were candidate vaccines and therapeutics, 
they were not advanced enough in the devel-
opment pipeline for either compassionate use 
or Phase III trials (except for ZMapp). 
Coupled with the lack of research capacity in 
the affected counties, this slowed the start of 
trials even as the window of opportunity for 
efficacy trials was closing as infection rates fell 
during the first half  of 2015.

Nevertheless, the execution of the Phase II 
Ebola vaccine trials in Liberia and the ZMapp 
trials in Liberia, Guinea, Sierra Leone, and 
the United States produced some data on the 
MCM candidates for use in subsequent out-
breaks. The Phase II Ebola vaccine trial in 
Liberia helped lay the groundwork for 
Guinea’s Ebola Ça Suffit ring vaccine trial 
(Henao- Restrepo et al. 2017). The experience 
of conducting emergency trials in Liberia and 
Guinea, as well as the results, paved the way 
for further trials during the DRC outbreaks—
whereupon the rVSVDG-ZEBOV vaccine 
became an accepted response tool in the con-
tainment of Ebola in the DRC, and ultimately 

a vaccine licensed by FDA, recommended for 
approval by the EMA, and prequalified by 
WHO (Higgs et  al. 2017; Ollmann Saphire 
2020; WHO 2019b).

In the same vein, the findings from the 
ZMapp trials demonstrated that even though 
ZMapp did not show statistically significant 
efficacy, it may have increased survivorship 
among Ebola patients. It thus set the stage for 
the use of the ZMapp and three other treat-
ment candidates in the 2018 DRC Ebola out-
break (Mulangu et al. 2019; Prevail II Writing 
Group 2016). This trial, known as the PALM 
trial (7 In Practice 17.1) (for Pamoja Tulinde 
Maisha, or “together save lives” in Swahili), 
demonstrated that two of the four candidate 
therapeutics investigated were significantly 
superior to the other two, so much so that two 
arms of the trial (including ZMapp) were ter-
minated early to enroll all the participants in 
one of the two superior arms. The PALM trial 
was implemented and reached these conclu-
sions during an outbreak in an even less acces-
sible and less secure location than the trial 
locations in West Africa—in the DRC prov-
inces of West Kivu and Ituri, against a back-
ground of armed conflict that continued 
during the outbreak (Mulangu et  al. 2019; 
Wells et al. 2019a).

4.4  Accelerating the End 
of the Outbreak

The DRC studies demonstrated that research 
response, in the right circumstances, can 
accelerate the end of  an outbreak. This had 
been prefigured in Guinea as well, where the 
last stubborn cases of  Ebola were transmit-
ted through traditional religious practices 
people were reluctant to change. Given the 
complexities hindering traditional response 
strategies like contact tracing, isolation, and 
containment, the rVSVDG-ZEBOV vaccine 
that was first tested for safety and immuno-
genicity in the Liberian outbreak was used in 
Guinea in a ring trial design that had been 
chosen for both cultural acceptability and its 
potential to help stop the epidemic (7 In 
Focus 22.1). Publications from that trial indi-
cated that the ring vaccination research con-
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tributed to ending the outbreak in Guinea 
(Henao-Restrepo et  al. 2017). The same is 
true of  the outbreak (DRC Outbreak 10) 
that began in the eastern DRC in August 
2018 and ended in June 2020: over 300,000 
doses of  the rVSVDG-ZEBOV vaccine con-
tributed to ending the outbreak, while the 
two leading therapeutics candidates in the 
PALM trial, MAb114 and REGN-EB3, 
helped hundreds of  patients and pointed 
toward avenues for future research (Mulangu 
et al. 2019; WHO 2020).

4.5  Generating Regulatory-Level 
Data for Medical 
Countermeasures (MCM)

One of the arguments against randomized 
controlled trials (RCTs) in developing coun-
tries, like Liberia and the DRC, has been the 
lack of basic infrastructure—such as internet 
connectivity, electricity, and passable roads—
would prevent the generation of high- quality, 
regulatory-level data. The notion that gener-
ating regulatory-level data is incompatible 
with using investigational vaccines and thera-
pies to reduce morbidity and mortality has 
also generated controversy (Adebamowo 
et  al. 2014). In fact, clinical research as a 
response strategy is in vain unless it can meet 
international standards by generating 
regulatory- level data. These data will be very 
important in two main ways: (1) in ensuring 
that the data safety monitoring board has 
high-quality data to make decisions about the 
candidates (7 Chap. 23), as was done with the 
therapeutics in the PALM trial in the DRC 
and (2) the regulatory-level data will be essen-
tial to the licensure process with the various 
regulatory agencies, like FDA, EMA, and 
WHO (7 Chap. 6).

4.6  Essential Components 
of a Rapid Response Research 
Agenda

Many of the hot spots for outbreaks of dis-
eases with epidemic potential have either no 

or wholly inadequate research capabilities to 
rapidly integrate research into a traditional 
public health response without outside assis-
tance. It is thus a top pandemic preparedness 
priority to consider the requirements for a 
rapid research agenda in the event of an out-
break, one with the goals stated for PREVAIL:
 1. Mitigate morbidity and mortality.
 2. Accelerate the end of the outbreak.
 3. Generate regulatory-level data for medical 

countermeasures.
 4. Improve outbreak response to prevent or 

mitigate future outbreaks.

Goals 1 and 2 are essential to the primary 
global health security goal of localizing infec-
tious disease outbreaks and preventing them 
from becoming epidemics or pandemics.

There are at least three essential require-
ments to make such a research response work:
 1. An immediate assessment of research 

requirements and potential results
 2. Integration into a functional Incident 

Management System (IMS)
 3. Planning for research response tailored to 

the characteristics and circumstances of 
individual outbreaks

4.6.1  Immediate Assessment 
of Research Needs 
for the Outbreak 
and Implementation 
Requirements

In the case of  Ebola in West Africa, there 
was a clear need for clinical research on the 
existing vaccine candidates and the ZMapp 
investigational therapeutic. However, there 
was considerable debate about whether an 
RCT was the proper research methodology 
in the emergency (WHO 2014a, b, c). But if  
clinical research was to proceed, it was urgent 
for the team to identify one or more clinical 
research sites in a major hospital or health 
center catering to a catchment area popula-
tion suitable for study enrollment. Embedding 
the site in a hospital is also useful, so some of 
the existing resources can be leveraged. 
Another requirement is political willingness 
at the level of  the hospital, community, and 
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local authorities to allow research to be 
conducted.

A list of hospitals and health centers was 
developed for Montserrado and Bong 
Counties, Liberia (7 Chap. 40). Team mem-
bers visited the sites to evaluate basic infra-
structure like electricity, physical space, and 
the need for construction or renovation. John 
F.  Kennedy (JFK) Medical Center, 
Redemption Hospital, and Duport Road 
Health Center were selected in Montserrado 
County, CH Rennie Hospital in Margibi 
County and Phebe Hospital in Bong County. 
Priority was given to JFK, Liberia’s teaching 
hospital serving hundreds of thousands of 
people. However, distrust and miscommuni-
cation about clinical research among some 
medical professionals at JFK led to push-
back from the hospital administration. Given 
the urgent state of affairs, Redemption 
Hospital was selected as the first site to roll 
out the vaccine study. Duport Road and CH 
Rennie would be renovated subsequently. 
Once sites were identified, multiple stake-
holder meetings were held with government 
officials and local community members. This 
was necessary for buy-in and support because 
the country was naïve to clinical research dur-
ing an outbreak. This was closely followed by 
massive renovation to operationalize a mod-
ern site and urgent procurement and import 
of equipment like generators, laboratory-
grade refrigerator/freezer units, laboratory 
and pharmacy equipment and supplies, and 
personal protective equipment (PPE), as well 
as improvements in plumbing, ventilation, 
and so on. Such operational requirements are 
covered in detail in the final section of this 
book.

4.6.2  Integration into Incident 
Management System

In the three most heavily Ebola-affected coun-
tries, an incident management system (IMS) 
was set up, modeled after the IMS of the 
U.S.  Centers for Disease Control and 
Prevention (CDC), to coordinate and facili-
tate a sound, rapid decision-action-feedback 
loop based on available data (CDC 2016). By 

the time the team from NIAID visited Liberia 
in October 2014 to discuss clinical trials of 
investigational vaccines and therapeutics as 
an innovative outbreak response strategy, 
there was a well-functioning IMS in place. 
The IMS was responsible for coordinating 
and directing the entire response to the out-
break, with response pillars ranging from epi-
surveillance to psychosocial support to case 
management. To further accelerate the 
research, the position of deputy incident man-
ager for research was created by the govern-
ment of Liberia to ensure the full support 
needed to accelerate the research response. 
The IMS research pillar was first tried in 
Liberia, and it became a key component of 
the response in the DRC during the 2018–2020 
Ebola outbreak in North Kivu and Ituri.

4.6.3  Improving Outbreak 
Response to Prevent, Stop, or 
Mitigate Future Outbreaks

When adequate, high-quality data are gener-
ated during an outbreak to validate MCMs 
and other measures against a subsequent out-
break, it speeds and strengthens future 
response and containment. Even in the short 
term, such effects were seen in Liberia in the 
re-infection episodes that followed the official 
end of the Ebola outbreak in Liberia, accord-
ing to WHO criteria, on May 9, 2015. There 
were three subsequent resurgences of Ebola: 
in June and November 2015 and in April 
2016. The first outbreak led to the rapid use 
of ZMapp with improved results and only one 
death of an infected person, an individual 
who reported to the Ebola treatment unit very 
late in the course of the disease. The second 
incidence led to one death and saw the first 
use of the rVSVDG-ZEBOV vaccine as an 
outbreak response strategy. The third and 
final outbreak in 2016 saw the combined use 
of the rVSVDG-ZEBOV vaccine and ZMapp; 
the outbreak ended rapidly with 100% sur-
vival rate from the Ebola treatment units 
(ETU). These three instances, unlike the ini-
tial phases of the outbreak, further validated 
the imperative to employ research tools in 
response to infectious disease emergencies, 
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complementing more traditional, public 
health-oriented outbreak response strategies.

5  Sustaining Research Capacity, 
Planning for Research Response

One thing we have learned from the Ebola 
experience and from subsequent outbreaks, 
including the COVID-19 pandemic, is that 
both research capacity and careful, coordi-
nated use of research resources are essential 
to an effective outbreak response. In terms of 
capacity, the U.S. government, largely through 
NIAID, has continued several research pro-
grams in Liberia, helping the country build a 
research platform as a preparedness and 
response asset. Other U.S. government part-
ners include the CDC, the Agency for 
 International Development, and the 
Department of Defense. Among other inter-
national initiatives that followed the Ebola 
experience were the founding at the 2017 
World Economic Forum in Davos of the 
Coalition for Epidemic Preparedness 
Initiatives (CEPI), the WHO Health 
Emergencies Programme, World Bank Group 
initiatives for funding research in LMICs, and 
many others. The COVID-19 pandemic will 
leave no doubt about the value of a rapid 
research response to emerging infectious dis-
eases. However, it is important not to lose 
sight of the fact that pathogens are still likely 
to emerge in developing countries where pop-
ulation growth and ecological disruption pro-
duce changes in the human-livestock-wildlife 
interface at an increasing rate—a risk factor 
for new pathogens to cross into humans, or 
for pathogens formerly seen in one region to 
emerge in a new one, as with Ebola in West 
Africa (Morens et  al. 2004; Randolph et  al. 
2020). In addition, vaccines and therapeutics 
for diseases that are endemic in poor countries 
do not generally have the market potential to 
spur pharmaceutical companies to fund 
research and development of related MCMs, 
leaving it largely up to governments, academ-
ics, and foundations to take the lead in devel-
oping such MCMs (CEPI 2022b).

Over the last several years, we have seen 
with increasing frequency both new patho-
gens like SARS-CoV(1), Middle East respira-
tory syndrome coronavirus (MERS-CoV), 
SARS-CoV-2, Nipah virus, and previously 
known pathogens like Ebola and Zika in new 
places (Randolph et  al. 2020). Moreover, 
other diseases that have been neglected due to 
the lack of economic incentive to develop 
MCMs are now becoming more widespread,  
among them Lassa Fever in West Africa and 
South Asia (Balogun et al. 2020). Mpox (for-
merly called monkeypox) was previously con-
fined largely to tropical rainforest areas of 
central and west Africa but grew rapidly 
worldwide starting in May 2022, with more 
than 85,000 cases reported in countries that 
had not historically reported the disease, the 
vast majority from May to December 2022 
(CDC 2022; Mathieu et  al. 2023). WHO 
Director-General Tedros Adhanom 
Ghebreyesus declared the outbreak a Public 
Health Emergency of International Concern 
on July 23, 2022 (WHO 2022). Hence, it is 
vital that research response be agile, nimble, 
and adaptable to each outbreak. For instance, 
while Ebola and Lassa virus both cause viral 
hemorrhagic fevers, their levels of virulence 
and mode of transmission are different. 
Research on countermeasures against these 
two viral hemorrhagic fevers would require 
slightly different research responses. Vector-
borne diseases like Zika require somewhat dif-
ferent methodologies.

In the event of an outbreak with an 
unknown cause, the first and most important 
requirement is to rapidly identify and charac-
terize the pathogen. Thus, a multiplex, 
pathogen- agnostic or broad-spectrum diag-
nostic platform is a vital research measure for 
response. In Liberia alone, there are three mil-
lion fever cases per  annum and only about 
50% of them are diagnosed, usually as malaria 
or typhoid; the rest are treated symptomati-
cally. Thus, an acute febrile illness surveillance 
project jointly conducted by the CDC, the 
Liberian Ministry of Health, and the National 
Public Health Institute of Liberia at two 
health facilities has revealed co-infection of 
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malaria and other diseases as well as pathogens 
less commonly encountered in Liberia, like 
dengue. Once these pathogens are identified, 
the challenge is to determine whether there 
are existing MCMs and, if  not, whether there 
are candidates in development and at what 
stage, including different stages of licensure or 
prequalification. Thus, the initial research 
aspect of the response should include 
consistent determination of the pathogens 
and the available MCMs, whether approved 
or investigational. This is essential informa-
tion for determining how and whether an out-
break can be countered to mitigate morbidity 
and mortality.

For planning purposes, WHO and CEPI 
postulated a “disease X” that could be 
lurking undiscovered to strike an unprepared 
human race at any time. In many ways, 
COVID-19 can be seen as the postulated 
disease X, but if  so, we need to be prepared 
for disease Y (Iserson 2020). We have more 
and better tools to do so than ever before, but 
we still need  political leadership, scientific 
coordination, and global solidarity to make 
them work.

? Discussion Questions
 1. What are the requirements for an effec-

tive response to the emergence of  a 
new pathogen?

 2. What would be required to establish and 
sustain the requirements for such a 
response in developing countries?

 3. Aside from improved response when 
necessary, what are some of  the other 
benefits of  being prepared to identify 
and respond to a novel or re-emerging 
pathogen?

 4. Note some potential measures for 
improving capacity to detect, contain, 
and develop medical countermeasures 
for a newly emergent disease.

Disclaimer The views expressed are those of 
the author and should not be construed to rep-
resent the positions of the Africa Centres for 
Disease Control and Prevention (Africa CDC).
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 How clinical research can be integrated 
with emergency medical treatment amid 
civil conflict in a low-resource setting

 5 Determination of whether an investiga-
tional drug worsens the clinical condition 
of an unstable patient

 5 Obtaining informed consent from a patient 
in critical condition

 5 Community engagement under the pres-
sures of limited time and local conflict

 5 How providing quality patient care contrib-
utes to clinical trial success

1  Introduction and Background

Rigorous research to determine what treat-
ments and supportive care demonstrably help 
patients is essential to improving their medical 
care. In the case of dangerous emerging dis-
eases like SARS, Ebola, Nipah virus, or 
COVID-19, epidemics may be the only oppor-
tunity to move candidate medical interventions 
from preclinical development into Phase II and 
III clinical trials. Research done during the 
2014–2016 West Africa Ebola outbreak and the 
2018–2020 Democratic Republic of the Congo 
(DRC) Ebola virus disease (EVD) outbreaks 
has gone a long way toward putting to rest 
arguments that “Randomized clinical trials … 
were neither ethical nor feasible in an environ-
ment of limited health infrastructure and severe 
disease with a high fatality rate” (Ellenberg 
et al. 2018). The Ebola experience demonstrates 
that rigorous clinical research can

 5 Be conducted ethically during an emer-
gency

 5 Provide a vital contribution to outbreak 
response

 5 Generate data for regulatory approval of 
medical countermeasures

 5 Enhance rather than detract from patient 
care (Jacob et  al. 2020; Mulangu et  al. 
2019; NASEM 2017; Wolf et al. 2021)

The northeastern DRC at the time was coping 
with more than an Ebola outbreak. For many 
years armed groups had contended with each 

other and the DRC military for control over 
mining areas, where they “violently exploit 
civilians to retain access to valuable minerals” 
(Global Witness 2009). There was long- 
standing regional disaffection from a central 
government in Kinshasa that provided neither 
services nor security (Stearns 2012). Suspicion 
of incomers extended to both DRC Ministry 
of Health staff  and foreign healthcare work-
ers (Nguyen 2019). International humanitar-
ian organizations nevertheless fielded staff  
with the courage and confidence to set up 
Ebola treatment centers (ETCs) to treat those 
infected and encourage the integration of 
Ebola isolation measures and other public 
health measures into regional health practice.

Even though armed attacks on ETCs took 
the lives of healthcare personnel, destroyed 
facilities (. Fig.  1), and disrupted the 
response, most ETCs continued to operate 
(Mueller and Rebmann 2019). They not only 
continued operating in the face of such dan-
gers but were willing to accommodate a 
research program, which bespeaks both their 
courage and their ability to retain a perspec-
tive that looks beyond the immediate crisis to 
the longer term (Farrar 2018). For without the 
cooperation of the NGOs providing care for 
those infected with Ebola, the trial that led to 
two Ebola therapeutic agents being approved 
by the U.S.  Food and Drug Administration 
(FDA) could not have occurred (FDA 2020a, 
b; Tshiani Mbaya et al. 2021).

High-quality clinical research must be car-
ried out even in such circumstances because 
outbreaks are rare opportunities to counter 
dangerous diseases that, while episodic so far, 
can potentially spread and infect many more 
people over much wider areas. The clinical 
element of the response is urgent because a 
successful response will help end disease 
transmission overall, meaning there will then 
be too few potential research participants to 
allow for the collection of solid research data. 
Though doubts about whether high-quality 
clinical research and high-quality patient care 
can be conducted simultaneously persist, it is 
incumbent on both clinicians and researchers 
to ensure patients do not suffer because they 
consent to participate in a trial. They need to 
resolve important questions:
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       . Fig. 1 Unidentified attackers set fire to an Ebola treatment center in Katwa, North Kivu, DRC in 2019. (Photo: 
Laurie Bonnaud/MSF)

 5 Could the drugs in a trial worsen the clini-
cal condition of an unstable patient?

 5 How does one obtain informed consent 
from a patient in critical condition?

 5 How can one gain community support, 
especially when there is time pressure and 
the area is riven by conflict?

To address some of these questions and pro-
vide a concrete example of how clinical 
research can succeed amidst an infectious dis-
ease outbreak without compromising patient 
care, we describe here how diverse research 
and clinical care teams from several institu-
tions worked together during the 2018–2020 
EVD outbreak in the DRC to complete a clin-
ical trial for Ebola therapeutics, while improv-
ing patient care and responding to community 
and population needs.

2  The PALM Trial

The Pamoja Tulinde Maisha (PALM) trial, 
“Together Save Lives” in Swahili, compared 
four investigational therapies for EVD to each 
other (meaning none of the participants 
received a placebo). The trial was a joint effort 
led by the DRC National Institute for 
Biomedical Research (Institut National de la 

Recherche Biomédicale, INRB) and the 
U.S. National Institutes of Health (NIH), in 
collaboration with the World Health 
Organization (WHO), the Alliance for 
International Medical Action, (ALIMA), 
Médecins Sans Frontières (MSF), 
International Mercy Corps and others; a 
complete list of partners can be found in 
Mulangu et al. (2019). The trial was urgently 
needed because there was then no licensed, 
effective therapy to reduce mortality for 
patients with EVD. A Phase I trial conducted 
by U.S. and Liberian partners during the 
2014–2016 outbreak in West Africa had indi-
cated that the monoclonal antibody ZMapp 
was safe for patients, but data were insuffi-
cient for a clear efficacy finding (Prevail II 
Writing Group 2016).

In the DRC study, consenting patients 
who tested positive for the Ebola virus were 
enrolled at Ebola treatment centers (ETCs) 
that agreed to support the study. All partici-
pants received standard medical care and were 
randomly assigned to receive one of the four 
therapies:

 5 ZMapp, which served as the control arm 
of the study

 5 The antiviral agent remdesivir
 5 The monoclonal antibody MAb114
 5 The antibody cocktail REGN-EB3
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A total of 681 patients had enrolled by August 
9, 2019, when the trial’s data and safety moni-
toring board recommended stopping the rem-
desivir and Zmapp arms and that all patients 
be assigned either to the MAb114 or the 
REGN-EB3 groups for the remainder of the 
trial because interim analysis showed the clear 
superiority of Mab114 and REGN- EB3 over 
the other two agents with respect to mortality. 
Both MAb114 and REGN-EB3 were ulti-
mately licensed by the FDA for the treatment 
of EVD based on the full trial results (FDA 
2020a, b; Mulangu et al. 2019). Without the 
PALM trial, the world would not have 
approved Ebola therapeutics.

2.1  ALIMA in the Northeast DRC

ALIMA was a major contributor to the suc-
cess of the PALM trial, and more than half  
the patients in the study were enrolled at ETCs 
run by ALIMA, the first organization to inte-
grate the research into its treatment programs. 
Based in Dakar, Senegal, ALIMA provides 
humanitarian medical care and works to inte-
grate research into clinical care in West and 
Central Africa along with a network of part-
ners (ALIMA 2022). ALIMA previously pro-
vided care for Ebola patients in Guinea during 
the 2014–2016 West African outbreak. 
ALIMA has implemented health projects in 
the DRC since 2011 and provided treatment 
for EVD during the two 2018 outbreaks there 
(7 In Practice 40.1). ALIMA had first under-
taken Ebola response operations in the DRC 
in 2017. The ALIMA response to the out-
break that began in mid-2018, ultimately the 
largest seen in the DRC, began within days 
after the outbreak was declared on August 1, 
2018, and continued until September 2019, 
when ALIMA operations were transitioned to 
MSF (Aruna et al. 2019).

For ALIMA, responding to the DRC out-
break was far more difficult than working in 
the West African countries affected by Ebola 
from 2014 to 2016. In both cases responders 
had to cope with minimal infrastructure and a 
barely functioning health care system. These 

troubles, along with a shortage of qualified 
personnel and the resulting heavy workload, 
required frequent rotations for the sake of 
staff  members’ physical and mental health, 
led to frequent resignations, and increased 
training needs for rotations and new hires. 
Despite such tribulations, the “trial showed 
that it is possible to conduct scientifically rig-
orous and ethically sound research during an 
outbreak, even in a conflict zone” (Mulangu 
et al. 2019).

2.2  Implementation of the PALM 
Trial in Beni and Katwa, DRC

ALIMA managed two of the ETCs (. Fig. 2) 
conducting the study in the cities of Beni and 
Katwa, North Kivu Province, where all the 
security and infrastructure problems described 
above were present. Nevertheless, while work-
ing with PALM trial organizers, ALIMA met 
the rigorous requirements of the study proto-
col approved by the DRC and the U.S. 
National Institute of Allergy and Infectious 
Diseases and their research ethics committees 
(Mulangu et al. 2019). Many obstacles had to 
be overcome to comply with trial protocol 
requirements, Good Clinical Practice, and 
Good Participatory Practice guidelines (ICH 
2016; UNAIDS/AVAC 2011), and the DRC’s 
and other regulators’ regulatory requirements. 
Meeting those standards resulted in better 
patient care and a successful research study.

2.2.1  A Complex Implementing 
Partnership

Implementation of PALM at the research 
sites was carried out by the NIH and the 
DRC’s National Institute of Biomedical 
Research (INRB) and teams from the DRC 
Ministry of Health (MoH) and ALIMA, with 
the Mitchell Group and Leidos, firms under 
contract with NIH, as administrative part-
ners. Though it required considerable coordi-
nation, this approach worked well. Multiple 
partners bringing their respective strengths to 
the project not only accomplished the neces-
sary tasks, but they also contributed to the 
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       . Fig. 2 A snapshot of 
the treatment environ-
ment where ALIMA 
implemented the PALM 
study. (Courtesy ALIMA)

training and education of each other’s staff. 
Many of these staff  members, building on 
career technical education training on imple-
menting a standard clinical research protocol 
and their experience during the PALM Trial, 
can now perform higher-level tasks indepen-
dently. The Beni ETC, inside Beni General 
Hospital, served as a model for patient care 
and research training.

2.2.2  Admission of Patients 
to the ETC

Upon arrival at the ETC, potential EVD 
patients were evaluated and had blood drawn 
for testing. Those testing positive for Ebola 
were admitted to an isolation ward or CUBE 
(7 In Practice 40.1) at the ETC.  Physicians 
then assessed their current medical status and 
undertook urgent measures to stabilize the 
patient’s clinical condition if  necessary. This 
was done in accordance with the prevailing 
ALIMA protocol, which had been reworked 
with help from WHO and approved by the 
DRC MoH. Then, in partnership with experts 
from Africa and around the world, WHO 
published guidelines to optimize supportive 
care for EVD before the end of the outbreak. 
In most cases the patient received standard 
care measures for stabilization, provided 
informed consent, and was immediately 
administered a candidate therapeutic drug 
within 24 h of admission; in a few cases, can-
didate drug administration was delayed until 
the hemodynamic instability of the patient 
could be addressed.

2.2.3  Informed Consent
During the patient’s first day in the ETC, the 
investigator or another qualified member of 
the team reviewed the study with the patient 
and obtained informed consent; in cases 
where the patient was a minor or too ill to pro-
vide meaningful consent, a surrogate chosen 
in accordance with DRC law and local custom 
was asked to provide consent. This process 
included questions and answers. If  necessary, 
a staff  member explained the study in the 
local language, which is preferred by study 
participants or their representatives, rather 
than in Swahili. Each consent was witnessed, 
and the witness also signed the informed con-
sent document.

2.2.4  Randomization 
of Participants

The gold standard of randomization is cen-
tralized, online randomization. In view of the 
low speeds and occasional outages of internet 
connections in Beni and Katwa, the PALM 
study team carried out “randomization by 
envelope”: the centralized online randomiza-
tion was carried out elsewhere, and the results 
were printed and sent to the sites as precise 
written procedures to be strictly followed, one 
of many adaptations but about as effective as 
a centralized, online system.

2.2.5  Participant Data Management
Because of security and resource constraints, 
participants’ case report forms (CRFs) could 
not be well-protected in secure, controlled- 
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access premises as is standard procedure. In 
anticipation of potential security incidents at 
the ETC, only the CRFs for currently hospi-
talized patients were on site, with the others 
being better secured in other locations in the 
city. Due to the poor quality of the internet 
network, participant data were not directly 
entered into the database by the field teams 
but manually entered on paper CRFs. These 
were scanned daily, and the copies were sent 
to the PALM electronic platform. The data 
were then extracted from the scans and 
entered into the trial database by a team of 
data managers in Kinshasa.

2.3  Contribution of Quality 
Standard Care to the Success 
of the Trial

The rapid implementation of the trial at the 
Beni ETC (beginning the day authorization 
from the ethics committee arrived) and the 
high quality of the trial at this site—replicated 
subsequently at other sites—were due to sev-
eral factors:

 5 By the time the trial began, the Beni ETC 
was routinely providing the optimal stan-
dard of care to EVD patients within the 
limits imposed by resources and circum-
stances.

 5 The Beni ETC staff  was familiar with the 
standard operating procedures for the 
preparation and administration of investi-
gational products thanks to experience 
with the WHO Monitored Emergency Use 
of Unregistered and Investigational Inter-
ventions (MEURI) protocol, which had 
provided for the administration of investi-
gational products on compassionate 
grounds for several months before the 
PALM RCT began (Fallah and Skrip 
2019; WHO 2020).

 5 ALIMA also had previous experience in 
the implementation of clinical trials, meet-
ing Good Clinical Practice and protocol 
requirements similar to those of PALM 
during PREVAC and PREVAIL IV stud-
ies in Guinea (NIAID 2019). This back-

ground in clinical research on EVD meant 
ALIMA could provide staff  who were 
already experienced in clinical research, 
facilitating the prompt launch of the 
PALM trial.

2.4  Contribution of Research 
to Improving Patient Care

The implementation of research and the pro-
vision of standard care to patients by the 
same clinical teams at the same sites at the 
same time made it possible to pool resources 
and reduce costs. For example, the daily 
patient assessments for the trial also provided 
the information needed for clinical care. 
 Having both clinical and research staff  per-
forming the assessments lightened the burden 
on both. Treatment administration, case anal-
yses of deceased patients, death or discharge 
reporting, etc., used similar data and common 
patient input shared by research and clinical 
care staff. In addition, and concurrently, the 
implementation team’s daily psychological 
assessment and supportive psychotherapy for 
the benefit of patients and their caregivers 
greatly contributed to patients’ compliance 
with treatment regimens.

The research project contributed to an 
improved standard of care for patients in 
many ways. Since the patients with EVD at 
the sites where the study was implemented 
were participants in the PALM trial, there was 
better monitoring and management of stan-
dard care. One might call it dual monitoring: 
once for the PALM Trial and once for the cli-
nician. Even though the data from a single 
assessment were used for both purposes, the 
regular updates required by the trial helped 
the clinical care teams to better adapt thera-
peutic measures to patients.

 5 The PALM safety team was directly 
involved in the real-time management of 
serious adverse events (SAE) in patients, 
and management of SAEs was integrated 
into overall patient management. Input 
from the PALM safety team was an added 
benefit for most of the patients concerned 
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since most reported SAEs were attributed 
to the patients’ disease and not to investi-
gational products (7 Chap. 36).

 5 The PALM coordination team included 
study coordinators, clinical research assis-
tants, and a medical advisor at ALIMA 
headquarters, all of whom were clinicians 
experienced in the management of 
EVD. Their regular participation in medi-
cal meetings discussing how to adapt med-
ical measures given to each patient 
contributed to better patient management.

 5 Each death of  a participant was reported 
as soon as possible in the CRFs. Death 
reports were analyzed in detail by the 
PALM pharmacovigilance team research 
coordinators and the medical specialist 
working on the trial at ALIMA head-
quarters. Once again, this meant more 
input from qualified personnel with dif-
ferent perspectives, leading to better-
informed recommendations for the 
management of  patients to reduce mor-
bidity and mortality.

Continuous training for better patient care. 
The PALM coordination team participated in 
the ongoing training of medical care staff  
through formative supervision (clinical 
research assistants, study coordinators, medi-
cal research advisors at ALIMA headquar-
ters) and more formal training, with illustrated 
presentations, in various areas of quality and 
patient care (trial coordinators and director). 
Together with the daily discussions between 
research and care teams on specific patients, 
this has helped improve the technical skills 
and capacities of staff, thus providing a better 
standard of care for patients.

3  Recommendations 
and Conclusions

Proper assessment of surrounding conflict 
and the prevalence of mistrust in the commu-
nity requires working with local partners and 
staff  to establish the best possible collabora-

tion between local health institutions and 
other local government units on the one hand, 
and local communities, traditional and reli-
gious leaders, youth, and other groups on the 
other. It is essential to convince people with 
possible EVD symptoms to seek treatment 
early; the earlier in the course of the infection 
they get care, the better their chances of sur-
vival. It is also essential to take an open, flex-
ible approach to community and professional 
communications and partnerships. Allowing 
all stakeholders to be heard and to contribute 
as far as possible to patient care and research 
projects builds trust in the surrounding envi-
ronment and can provide essential elements 
of patient support.

Whenever possible, integrate research 
management and standard patient care with 
the reciprocal sharing of workloads. The 
patient care team must have clinical research 
skills and researchers need culturally appro-
priate patient care skills. Establish an 
 environment where each team learns from the 
other. Pool technical resources for patient care 
and research: establish joint teams working on 
the administration of standard care, meeting 
patients’ needs, and ensuring proper imple-
mentation of clinical study protocols.

Support mutual and reciprocal capacity 
building between partners in both research 
and patient care response. Clinicians and 
researchers can learn much from each other, 
as can partners from developed and develop-
ing countries. Mutual respect and assistance 
are ethical imperatives that are also practical 
necessities for acceptance by communities to 
meet MoH training and education objectives, 
to ameliorate the frequent shortages of quali-
fied medical personnel in acute health crises, 
and to assist developed-country researchers 
and clinicians in coping with the exigencies of 
resource-constrained environments.

? Discussion Questions
 1. Could the drugs in a trial worsen the 

clinical condition of  an unstable 
patient?

 2. How does one obtain informed consent 
from a patient in critical condition?
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 3. How can one gain community support, 
especially when there is time pressure 
and the area is riven by conflict?

 4. How does research contribute to patient 
care improvement?

 5. How does standard-of-care medical 
treatment contribute to the success of 
clinical trials?
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Trust is crucial to the medical research enter-
prise. Absence of trust in research and research-
ers … can disrupt and delay the conduct of 
studies. Of greater consequence in a pandemic, 
it can have a negative effect on the public accept-
ability and, hence, the uptake of research results, 
including the new treatments and vaccines 
needed to respond effectively to novel pathogens. 
Lack of trust, in other words, risks undermining 
the fundamental rationale for undertaking 
research in the first place.
(Wilson et al. 2021)

Learning Objectives
Readers should understand and be able to dis-
cuss:

 5 Good participatory practice (GPP) or 
social mobilization, communication, and 
community engagement (SMC)

 5 Why active stakeholder engagement must 
be part of an emergency research response; 
possible consequences resulting from lack 
of trust in medical research

 5 Integration of GPP into the study life cycle
 5 How to identify research stakeholders and 

thereby help ensure that communities are 
adequately reached by GPP/SMC efforts

 5 Critical requirements for laying the ground-
work for GPP during an emergency 
research response

 5 Fundamental elements of clinical research 
that partners in research and community 
members need to understand to be informed 
and participate in dialogue; the utility of a 
regularly updated list of frequently asked 
questions

 5 Development of a plan (roadmap) for ongo-
ing engagement through the course of the 
trial as dialogue with stakeholders continues

 5 Successful implementation of GPP in Libe-
ria during the 2014–2016 Ebola outbreak

 5 The principles that a research response pro-
gram must implement during preparedness 
and emergencies

1  Introduction

The primary goals of clinical research during 
a health emergency are to advance medical 
countermeasures (MCMs) for use by physi-

cians and communities to reduce morbidity 
and mortality and accelerate the end of an 
outbreak, epidemic, or pandemic. An underly-
ing requirement for use of MCMs is doctor 
and patient confidence that they are safe and 
effective and that benefits outweigh risks for 
individual and community use. A broad view 
of research, as spanning the progress of medi-
cal countermeasures (MCMs) from the labo-
ratory to use in the population or “lab to jab” 
for vaccines, elucidates why public trust in the 
research process is indispensable. Widespread 
vaccine hesitancy during the coronavirus dis-
ease 2019 (COVID-19) pandemic often 
reflected poor understanding or misinforma-
tion about the research that produced vaccines 
and therapeutics for the disease. Trust can be 
engendered by reaching out to all stakehold-
ers, that is, those who are affected by the 
research or who can impact the research, and 
including them in the research program from 
beginning to end. This kind of engagement is 
known by different names in different places, 
but its core is respectful dialogue with stake-
holders. In much of the world, the best- known 
term is good participatory practice (GPP), 
while in sub-Saharan Africa, it is often referred 
to as social mobilization, communication, and 
community engagement (SMC); another 
widely used term is risk communication and 
community engagement (RCCE).

Historically, community engagement has 
become a clinical research priority only 
recently, most clearly since the emergence of 
HIV/AIDS in the 1980s, with the first publica-
tion of GPP guidelines as such coming only in 
2007. Paternalistic, “doctor knows best” atti-
tudes in research date back much further, as 
does the colonial legacy of the metropole pro-
viding and the colonized passively receiving. 
It is hardly surprising, then, that clinical 
research may be perceived as exploitation and 
as contrary to local custom and ethical norms. 
Involving the community in the design and 
conduct of clinical research, as well as in the 
development of public health interventions 
and policies, reflects an understanding that 
such activities have inherent risks and benefits 
that affect more than just individuals. 
Individual liberty and survival in some situa-
tions, such as the 2014–2016 West Africa 
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Ebola outbreak, rely heavily on the interde-
pendent and overlapping communities to 
which all humans belong.

While GPP/SMC should be part of all 
clinical research efforts, active engagement 
with stakeholders must be part of an emer-
gency research response. When populations 
are under stress from an emerging infectious 
disease and its disruptive social consequences, 
their active participation and understanding 
of the research purpose, goals, and process 
and their confidence in research integrity, eth-
ics, and oversight become pragmatic as well as 
normative requirements. Without community 
backing, a research program may not be fea-
sible, and if  the research identifies an MCM as 
safe and efficacious but it is not used for lack 
of confidence, it does little good.

Ideally, engagement with stakeholders pre-
cedes an emergency, but researchers do not 
choose the sites of infectious disease out-
breaks and cannot prepare everywhere. 
Furthermore, GPP must be tailored to con-
text. On one hand, this means the pathogen 
causing the outbreak, the dynamics of the 
outbreak, and the type of clinical study. On 
the other hand, it requires understanding the 
communities, languages, and cultures of trial 
participants, as well as the scientific and medi-
cal response practitioners in the area. It means 
understanding factors like income level, 
degree of access to healthcare, the security of 
the communities, and their attitudes toward 
their government. Effective GPP implementa-
tion strengthens communities and contributes 
to healthcare and research capacity. To illus-
trate these themes, this chapter explores some 
common patterns evident in different times 
and places, such as the public reactions to the 
2014–2016 Ebola outbreak in West Africa and 
the COVID-19 epidemic.

GPP is both an ethical requirement and a 
pragmatic one. It must be a funded trial bud-
get item from the start. Constructive stake-
holder engagement is indispensable to ethical 
and scientific quality of research, acceptance 
of the data generated by rigorous research for 
decision making on MCMs, acceptability of 
the research to stakeholders, and ultimately 
public confidence in MCMs. Lack of trust in 
medical research can lead to:

 5 Reluctance to enroll in clinical trials
 5 Fertile ground for rumors and misinfor-

mation
 5 Physical violence directed against research-

ers, medical personnel, and treatment 
facilities

 5 Poor adherence to study protocols by par-
ticipants

 5 Lack of confidence in vaccines and thera-
peutics

 5 Low compliance with public health mea-
sures

 5 Acceptance of ineffective “alternative” 
remedies

 5 Refusal to cooperate with health workers, 
e.g., in contact tracing

 5 Prolonging an epidemic due to non- 
compliance with public health measures 
and rejection of MCMs

 5 Greater morbidity and mortality

2  Integration of GPP into 
the Study Life Cycle

 » Communities of people affected by research 
should … play an active, informed role in all 
aspects of its planning and conduct, as well as 
the dissemination of results. (UNAIDS and 
WHO 2012)

2.1  Before the Study

Ideally, there would be clinical research sites 
distributed around the world in proportion to 
need, conducting clinical research that would 
help communities where they operate and con-
tribute to preparedness for potential pandem-
ics. Ongoing clinical research would include 
GPP as a matter of course. In fact, clinical 
research tends to be concentrated in developed 
countries and investigates candidate medical 
countermeasures primarily intended for use in 
developed countries, and GPP or equivalent 
guidelines have yet to become a standard fea-
ture of all clinical trials (Wicks et al. 2018).

For emergency clinical research, GPP is 
indispensable and needs to be fully incorpo-
rated from beginning to end. GPP needs to be 
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integrated into template or prototype research 
protocols drafted between emergencies, in 
readiness to be adapted when the need arises; 
requests for proposals and other grant fund-
ing mechanisms; preparedness planning and 
budgets drafted in advance for emergency 
response; and the mindset of every clinical 
research scientist.

2.2  Emergency Engagement

Assuming an outbreak requiring an emer-
gency research response has occurred in a 
place without an existing research program, 
the steps outlined in . Fig. 1 indicate the nec-
essary sequence of actions. As soon as a 
research partnership with the affected country 
or jurisdiction is formed (7 Chaps. 3, 17, and 
32), partners from the locus of the outbreak 
need to bring their knowledge to the table to 
inform planning for GPP.  Partners, in this 
case, must include not only scientists from the 
capital city of the affected country but medi-
cal practitioners and community leaders from 
the area of the outbreak.

Existing plans for emergency response in 
every country should include plans for GPP as 
part of preparedness. If not, the country’s inci-
dent management system (IMS) or equivalent 
is often the best place to begin. Most African 
IMS systems include SMC (also known as risk 
communication and community engagement, 
or RCCE) pillars into the IMS plans. If com-
munity stakeholders have not already been 
consulted and identified, this needs to begin 
early in the outbreak response, so they can 
participate in the process and advise on imme-
diate outreach to the community as study 
plans are taking shape. In a large, low-income 
country like the Democratic Republic of the 
Congo (DRC), where emergency clinical 
research has been conducted, the chances that 
previous clinical research efforts have been 
made in the outbreak area are low. Nevertheless, 
GPP should be treated as a clinical research 
requirement in such cases, one just as essential 
to clinical trial success as a sound study design. 
Review boards should ensure research propos-
als include a commitment to GPP and a 

description of how it will proceed and that 
GPP is incorporated into the trial protocol, 
manual of operations, and standard operating 
procedures (SOPs) (Baron et  al. 2018). 
According to the widely accepted guidelines of 
the Council for International Organisations of 
Medical Sciences:

 » The research protocol or other documents 
submitted to the research ethics committee 
should include a description of  the plan for 
community engagement, and identify 
resources allocated for the proposed activi-
ties. This documentation must specify what 
has been and will be done, when and by 
whom, to ensure that the community is 
clearly defined and can be proactively 
engaged throughout the research to ensure 
that it is relevant to the community and is 
accepted. The community should partici-
pate, when feasible, in the actual discussion 
and preparation of  the research protocol 
and documents. (CIOMS 2016)

Clinical research sites should be selected care-
fully in partnership with local experts and out-
reach to ensure the community will not oppose 
the research (7 Chap. 40). Trials should also 
be harmonized with local response and 
research plans (Baron et  al. 2018), and they 
may take place in treatment facilities run by 
local authorities or by humanitarian medical 
non-governmental organizations (NGOs) like 
Médecins Sans Frontières (MSF) or 
International Medical Corps (IMC) (7 In 
Practice 17.1). As the research team begins the 
dialogue with the community in a new loca-
tion, initial knowledge will need to be obtained 
on social and cultural dynamics through social 
science research (7 Chap. 26), including social 
analytics to track community sentiment in 
near real time (7 In Practice 18.2). As a site 
continues operating, a locally hired GPP team 
is essential for conveying information to the 
community about a disease emergency and the 
research program being planned and imple-
mented in response, as well as for information 
on the climate of opinion in the community 
and providing feedback to the research team 
(WHO 2016) (7 Chap. 42).
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3  Identifying Stakeholders

In the broadest sense, stakeholders include all 
individuals, groups, organizations, or govern-
ments at local, national, and international lev-
els who are affected by or can influence the 
clinical research. SMC should include all the 
stakeholders, but the most important are the 
trial participants and their communities, as 
shown in . Fig.  1 and as reflected in the 
CIOMS guidelines as well as more GPP- 
specific guidance (AVAC 2012; CIOMS 2016; 
WHO 2016). This does not mean stakeholders 
more distal from the participants and their 
communities should be ignored (. Fig.  2). 
Quite the contrary, all actors in the health 
emergency need to understand the need for 
GPP, corresponding implementation plans, 
and its potential impact on research. Therefore, 
when a SMC road map (. Fig. 1) is developed, 
it must start with identifying all those with 
whom dialogue about the research is necessary.

There is a rich literature and many guide-
line documents on protecting human research 
participants and obligatory ethics reviews 
focused on individual protections for trial par-
ticipants (7 In Practice 4.2 and Chap. 33). But 
clinical trial protocols must also protect trial 
participants as people living in communities, 
and this has been a less central concern in 
Western (Northern) research ethics until 
recently (Brown et  al. 2020; Folayan et  al. 

2021). “Communities” must be understood not 
only in the narrow sense of a neighborhood 
where people live but as all the social groups to 
which people belong and which shape their 
identities. This includes groups defined by gen-
der, ethnicity, religion, profession, income, and 
other categories. Marginalized people may be 
least represented in community forums but 
most affected by disease. Women, usually the 
largest population group, are key stakeholders, 
in part because they are generally the primary 
caregivers in families and vital voices for them-
selves and for children, adolescents, and the 
elderly (WHO 2016); however, women are 
sometimes discouraged from participating in 
public life. In some communities, it may be dif-
ficult to hold direct, open discussions with 
those who are disempowered by the social 
structure, such as women or certain ethnic 
groups, and researchers must take special care 
to reach disempowered and vulnerable people 
for appropriate dialogue. Stakeholders thus 
include potential trial participants, their fami-
lies, their communities, and others who could 
be affected or benefited by trial results; other 
stakeholders are health practitioners, service 
providers, political and informal leaders, and 
those whom the leaders may tend to ignore or 
dismiss.

Stakeholder identification may begin with 
reaching out to respected community mem-
bers. Without support from community lead-

       . Fig. 2 GPP-EP stakeholders. (Wilson et al. 2021) (Bartholomew Wilson and Elizabeth S. Higgs)
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       . Fig. 3 Categorizing stakeholders by their levels of  influence and engagement/interest in the research helps ensure 
that communities are adequately reached by GPP/SMC efforts. (AVAC 2014)

ers, the community engagement team is likely 
to encounter resistance (Chua et  al. 2005; 
Cohen 2004, 2005; Ditmore 2005; Jintarkanon 
et al. 2005; Wilkinson et al. 2017). One of the 
major lessons from the 2014–2016 Ebola out-
break in West Africa was that the messenger 
sometimes mattered more than the message. 
People were more willing to follow advice and 
seek treatment if  local leaders communicated 
recommendations (Svoboda 2022). By 
default, researchers may partner with the 
highest-ranking officials in a locality, but 
these may be the face of a mistrusted govern-
ment rather than trusted leaders. As Lange 
noted in the aftermath of unimplemented 
human immunodeficiency virus (HIV) pre- 
exposure prophylaxis (PrEP) trials (Lange 
2005) (. Fig. 3):

 » In clinical research, investigators may end 
up in situations in which they may have had 
an intense dialogue and come to an agree-
ment with what they have identified to be 
the relevant community organizations, and 
yet a day later are put on the standby yet 
another activist group.

4  Laying the Groundwork

4.1  Outlines of Dialogue

Identifying and engaging with community 
members and other stakeholders is not a box 
to check but an ongoing, iterative process that 
continues as researchers learn about the com-
munity while members of the community, 
with trial participants at the forefront, learn 
to know the researchers and to understand 
the research. There is nothing inherently com-
plex in this process, except in cases of severe 
local tensions in or among communities 
(. Fig. 4).

A basic principle of GPP is bidirectional 
communication, mutual respect, and reciproc-
ity. Reciprocity implies a partnership that 
ensures all partners work together to reach 
meaningful solutions to concerns that may 
hinder research or harm the community. 
Listening is a first step in the dialogue process. 
This may require additional training and 
ongoing conversation to ensure that all part-
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       . Fig. 4 Informal community 
gathering to discuss clinical trials 
in Liberia (faces blurred to 
protect privacy). (Photo: Laura 
McNay)

ners understand, to take one example, that a 
randomized trial cannot provide the most 
promising experimental intervention to all 
participants (7 In Practice 4.1). Local part-
ners, community leaders and members, and 
anthropologists can provide essential knowl-
edge and methods to strengthen dialogue and 
improve emergency response (7 Chap. 26). 
Effective partnerships recognize and integrate 
the expertise and experience of all partners, 
identifying roles and responsibilities for each 
partner throughout the research process and 
identifying opportunities for ongoing collabo-
ration. Continued community engagement is 
critical for building the reputation of the 
research program as a trustworthy partner 
mindful of community needs; continued 
engagement signals long-term commitment to 
the health of the community (7 Chap. 5).

Clinical research teams rely on partners to 
communicate honestly and authentically with 
each other, with communities and potential 
participants, and to judiciously work with 
people trusted by communities to answer 
questions about candidate MCM safety and 
side effects, equitable inclusion in clinical tri-
als, product development, and post-trial 
access to any resulting MCMs. Community 

leaders who serve as guardians and gatekeep-
ers must often be approached first to gain 
their cooperation in engaging the communi-
ties. In many places where community belong-
ing has high social importance, it would be 
seen as morally unacceptable for an individual 
to participate in clinical research in which the 
community is not also a partner. Bringing 
organizations and community leaders together 
to co-coordinate and co-host educational ses-
sions and other community activities strength-
ens partnerships.

4.2  Commitment to GPP

GPP staff cannot work effectively without 
involving principal investigators (PIs) and 
other senior research team members. PIs and 
clinicians should personally communicate 
with the community to debunk myths, clarify 
study procedures, and discuss concerns (Baron 
et  al. 2018). They need to demonstrate that 
GPP is central to the research effort and join 
in pre-trial outreach to reduce misinforma-
tion, rather than react to rumors (Singh and 
Mills 2005). The whole research team, in other 
words, must work continually to build trust 
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and share information with communities. They 
must listen to community concerns, input, and 
feedback, translate science into lay language, 
and disseminate science through appropriate 
community channels by working with commu-
nity media and local community influencers. 
GPP is not something that can be put in the 
hands of community outreach (SMC) teams 
and forgotten. When they are heard by senior 
leadership, effective community engagement 
teams become advocates for both the study 
population and the goals of the research.

As they plan their outreach to the commu-
nity, research teams need to tailor their 
approach to:

 5 The type of study being planned or imple-
mented

 5 The characteristics of the outbreak 
 emergency

 5 National and local societal and cultural 
norms

 5 Needs of impacted populations, especially 
marginalized groups

 5 National and local media landscapes
 5 Pertinent legislation

Since stakeholders’ perspectives, the conduct 
of the trial (especially those with an adaptive 
design), and the course of the outbreak may all 
change, dialogue must be flexible and continual 
(WHO 2016). Adequate funding must be allo-
cated to GPP from the start. GPP should not 
be limited to traditional recruitment, retention, 
community advisory board (CAB) meetings, 
and dissemination of study results. Social and 
other media campaigns, focus groups, town 
halls, and other outreach for broad community 
engagement are needed (Baron et al. 2018).

As research teams develop their research 
questions and concepts, they must work with 
other responders to ensure that the research is 
aligned with the emergency response (. Fig. 1) 
(WHO 2016) and that all the other responders 
understand the research. In cooperation with 
national health systems, healthcare NGOs 
often play a central response role, and their 
treatment centers may be the best sites for clini-
cal trials (7 In Practice 17.1). Health emer-
gency NGOs increasingly accept the need for 
research response in infectious disease emer-
gencies and may themselves conduct research 

(Nuffield Council on Bioethics 2020) (7 In 
Focus 30.1).

4.3  Community Advisory 
Mechanisms

While the most important requirements for 
meaningful dialogue are commitment, mutual 
respect, and honesty, research teams can use 
formal organizational approaches to facilitate 
meaningful community involvement and part-
nership.

4.3.1  Expert Panels
Expert Panels review protocols, offer guid-
ance, seek to reduce trial participant burdens, 
and improve dialogue between research teams 
and study populations of interest. Expert 
panels typically include 10–12 scientists and 
community leaders who either represent the 
study population or have biomedical, social, 
or behavioral science expertise. Productive 
relationships among expert panelists are vital 
for establishing clinical research sites and 
engaging community leaders in the research.

4.3.2  Inclusion of Community 
Members on Protocol Teams

As clinical trial concepts and protocols are 
developed, research teams should provide for 
community representatives, such as commu-
nity advisory board (CAB) members and 
locally hired site staff, to express their perspec-
tives. Their input helps ensure that partici-
pants’ burdens are reasonable, that appropriate 
compensation or mitigation is provided, and 
that informed consent materials are appropri-
ate for the intended audience. For example, in 
some places COVID-19 studies used electronic 
diaries for tracking post- vaccination reactions, 
and community members identified the need 
for paper alternatives or for provision of 
appropriate devices to some study participants.

4.3.3  Community Advisory 
Structures

Community Working Groups should include 
experienced community educator staff mem-
bers and community advisory board represen-
tatives from participating clinical research 
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sites. Whether new or experienced, working 
groups should ensure that community involve-
ment is integral to the research endeavor. 
Organized and led by research team members 
tasked with overseeing GPP/SMC, these 
groups facilitate community participation 
throughout the course of a research trial or 
program. They advise study protocol teams 
and sponsors on aspects of protocol develop-
ment, adapt consent forms for local use, advise 
on community education needs, develop mes-
sages and study-related materials, inform strat-
egies for recruitment and retention, and assist 
in monitoring emerging issues. It may be help-
ful to hold some community working group 
meetings without research team leadership so 
members can freely express their concerns.

Community Advisory Boards. The Division 
of AIDS (DAIDS) of the National Institute of 
Allergy and Infectious Diseases (NIAID) 
defines a CAB as “an active group of individu-
als representing the local population(s) impacted 
by or at risk of acquiring HIV. The organization 
and composition of each CAB (or similar 
groups using different names) should reflect 
local community representation, promote com-
munity engagement, and provide local 
perspective(s) on the implementation of the 
NIAID clinical research plan(s).” DAIDS 
expects that every clinical research site (CRS) 
will have a minimum of one CAB, while multi-
ple CABs may be required to “…enable effective 
representation of the populations involved, for 
example, to represent geographically, culturally, 
or other distinct populations” (HHS 2019). 
These groups should meet regularly with the 
principal investigator and other members of the 
research team to build trusting relationships.

The central function of CABs is to repre-
sent the community of potential and enrolled 
participants and provide insight into what 
works best in their local culture and geogra-
phy. Members provide input into the research 
agenda, review protocols and informed con-
sent materials, serve as a focus group for 
development of new materials and messages, 
and advise on outreach and recruitment strat-
egies, events, and locations. They participate 
in community forums to provide research 
updates and in street and community out-
reach activities but do not recruit trial partici-

pants. A well-functioning CAB can go back to 
the communities it represents, discuss impor-
tant scientific issues, convey up-to-date infor-
mation on the research, bring community 
concerns back to the investigators, and build 
trust and transparency between the research 
site and the community. In successful CABs, 
about 40% of members represent the research 
population. Diversity in age, gender, race, eth-
nicity, and professional expertise should 
reflect the makeup of the community.

4.3.4  Early Warning Mechanisms
Resilient partnerships require flexibility to 
adapt to evolving outbreak dynamics and with-
stand crises (Donnelly et al. 2021). Establishing 
early warning mechanisms (e.g., a community 
liaison officer, social analytics) to monitor and 
quickly identify areas of misunderstanding 
and disagreement helps prevent crises.

5  Frequently Asked Questions

To be truly informed and able to participate in 
dialogue, partners in research and community 
members need to understand the key elements 
of clinical research. While not every study has 
all elements, these include (Singh and Mills 
2005):

 5 Randomization
 5 Placebos and control groups
 5 Standard of care
 5 Informed consent
 5 Safety and side effects
 5 Protection of research participants
 5 Use of data and samples
 5 Compensation for participation and for 

study-related injuries
 5 Post-trial benefits

Public forums, community group meetings, and 
other venues can provide useful avenues for 
identifying interests and areas of concern and 
building community understanding. Such 
meetings must be safe spaces where community 
members feel comfortable expressing views that 
challenge the status quo and powerful persons 
(Sayani et al. 2021). Critically, research teams 
must respond to issues identified and not 
engage with communities as mere tokenism 
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(Sayani et al. 2021). Teams should track com-
mitments made to communities and provide 
periodic updates on research progress. Con-
cerns expressed by the community should be 
addressed and resolved when possible. Devel-
oping a list of frequently asked questions and 
adding to it as additional questions are asked is 
a functional tool for dialogue with communities 
and stakeholders. Various stakeholders will 
require different types of information. While 
the community cannot be permitted to insist on 
changes that could threaten the scientific valid-
ity of the research, the research team should be 
sensitive to concerns and cultural norms of 
communities (CIOMS 2016) (. Fig. 5).

6  Drawing a Roadmap

As dialogue with stakeholders becomes an 
ongoing process, the next useful step is to 
draw a roadmap (. Fig. 1) or plan for ongo-

ing engagement through the course of the 
trial. As the course of a clinical trial can 
change unpredictably, the map must always be 
subject to revision. A roadmap or stakeholder 
engagement plan should cover the trial life 
cycle and include (AVAC 2014; WHO 2016):

 5 A budget including costs for dedicated 
GPP staff  and planned activities

 5 How to identify stakeholders
 5 Goals and objectives for engagement with 

stakeholders
 5 Plans for stakeholder meetings—how, 

where, and when
 5 Draft roles and responsibilities of stake-

holders and research teams, to be revised 
in dialogue

 5 Anticipated differences of opinion or con-
flicts with suggestions for resolution

 5 A communications plan harmonized with 
corresponding plans with local partners, 
healthcare providers, and national out-
break response authorities

       . Fig. 5 Simplified but accurate illustrated information can be useful for community understanding, as well as for 
ensuring individual study participants can provide informed consent. (Credit: NIAID/NIH)
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 5 Plans to track major issues and record dis-
cussions and resolution

 5 Methodology for strategy review and 
modification

 5 Monitoring and evaluation metrics

An SMC or GPP plan facilitates and organizes 
communications with stakeholders, describing

 5 Strategies to create supportive trial envi-
ronments

 5 How to identify and resolve issues
 5 Strategies to convey accurate, understand-

able trial information to broad audiences
 5 How to coordinate communication 

between research teams and stakeholders
 5 How research teams intend to manage 

issues or adverse developments

Building community support depends on culti-
vation and maintenance of relationships and 
partnerships between research teams and the 
wider community. Pre-existing relationships 
between a community and a research program 
carrying out non-emergency research of value 
to the community provide opportunities to 
cement community relations (G7 2021; WHO 
2022). In initial emergency response to an out-
break, however, researchers may not have had 
the chance to make such connections in advance. 
GPP is just as essential as ever—indeed more 
so. Work in partnership with trusted commu-
nity organizations needs to begin immediately.

The research team and its public sector 
health and governance partners should forge 
relationships and partnerships with:

 5 Social service providers
 5 Advocacy organizations
 5 Community-based organizations
 5 Tribal leaders
 5 Community leaders
 5 Physician and medical professional asso-

ciations
 5 Media and journalists
 5 Academic institutions
 5 Faith-based organizations
 5 Non-governmental organizations
 5 Organizations serving or representing 

marginalized communities

For example, outreach to essential worker orga-
nizations and corporations (such as nursing 

homes, assisted living facilities, and industry) 
was critical in COVID-19 prevention research 
efforts. Establishing partnerships opened 
important channels of communication and 
information dissemination, better enabling clin-
ical trial sites to recruit study participants. 
Reaching beyond the health system to an array 
of community leaders and traditional struc-
tures in West Africa was essential to the research 
response during the 2014–2016 Ebola outbreak.

7  GPP in Liberia During 
the 2014–2016 Ebola Outbreak

The 2014–2016 outbreak in West Africa of 
Ebola, a disease not previously seen in that part 
of the world, disrupted the lives of West 
Africans for more than 18 months. Individual 
and community liberties were constrained by 
movement restrictions while the Ebola virus 
spread. Very little clinical research had been 
conducted in Liberia before the Ebola out-
break, and most people were “research naïve.” 
As it began its work in October 2014, the 
Liberia-U.S. Partnership for Research on Ebola 
Vaccines in Liberia (PREVAIL) research team 
quickly identified community engagement as 
essential to the success of its planned Ebola 
vaccine trial, which was launched in February 
2015 (Kennedy et  al. 2016). The team devel-
oped and implemented a stakeholder engage-
ment strategy for ongoing dialogue and 
information exchange. It built trust and a foun-
dation for sustainable collaboration with com-
munity leaders and members who could 
influence or be affected by the study or its 
results. Instituting a genuine research partner-
ship in accordance with GPP standards and 
SMC practice resulted in rapid enrollment and 
98% compliance by trial participants with study 
requirements in the PREVAIL I Ebola Vaccine 
Trial (Doe- Anderson et al. 2016). Amid the fear 
and social disruption of a high-mortality public 
health emergency, rumors and misinformation 
seem to be much more transmissible among the 
human species than scientific knowledge with 
all its nuance and uncertainty.

In Liberia, the Ebola virus spread through 
the same networks that bind people most 
closely together. Liberian cultural norms 
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stress hands-on, compassionate care for the 
ill and ceremonial care for their bodies if  they 
die. The Ebola virus, generally transmitted 
through contact with bodily fluids, thus 
spread first within families and households 
via person-to-person transmission. 
Subsequently, transmission occurred among 
households (cluster transmission) and then 
from one cluster to another in community 
transmission (Skrip et  al. 2017). These rap-
idly expanding rings of  virus transmission 
stoked fear and many misconceptions among 
community dwellers. Fears escalated as mis-
information spread through everyday conver-
sations, promulgating disbelief  in the 
epidemiology and myths about Ebola and 
exacerbating lack of trust in an already mar-
ginal healthcare system and political leaders. 
“Ebola” evoked horror movies in the minds 
of  many Liberians. These beleaguering events 
resulted in social disruption, shuttered health-
care facilities, and the introduction of cur-
fews and quarantine measures, among other 
consequences.

The Liberian government quickly became 
overwhelmed and recognized that it lacked 
the capacity to respond to a severe, sustained, 
and unprecedented public health crisis (WHO 
2015). The government and its partners, 
including the World Health Organization 
(WHO), were overburdened with public 
health and medical demands complicated by 
cultural, geographic, and logistical challenges. 
These and other factors, including the behav-
ior of the virus, created a volatile situation 
that evaded conventional control measures 
and constantly delivered surprises.

However, the courage, resilience, and com-
mitment of communities in Liberia to combat 
this global health crisis gave birth to hope, the 
beginning of what turned out to be Liberia’s 
success story. Communities became the bed-
rock of response. Community leaders set up 
response teams to conduct contact tracing, 
case investigation, and reporting. The 
community- based Ebola task force also insti-
tuted quarantine measures and provided food 
and water for those confined to their homes. 
The Ministry of Health, realizing the suc-
cesses of these community-based efforts, 

decided to provide formal support to these 
informal response structures (Nyenswah et al. 
2016). The Community- Based Initiative (CBI) 
program was established to support commu-
nity volunteers. Today in Liberia, it is well 
documented that the success of the govern-
ment and people in overcoming Ebola was 
not primarily a result of international support 
but of the resilience and commitment of com-
munity members to free their society from 
Ebola. As several experts have noted, when 
technical interventions cross purposes with 
entrenched cultural practices, control efforts 
must work within the culture, not against it 
(7 Chap. 26).

The PREVAIL team developed and imple-
mented a broad social mobilization and com-
munity engagement strategy comprising four 
distinct but integrated pillars: (1) advocacy, 
(2) community engagement, (3) communica-
tion, and (4) monitoring and evaluation. This 
strategy provided the platform to understand 
community concerns, culture, traditional val-
ues, and social norms and to gain community 
support for conducting research.

Advocacy. Advocacy engagements are 
held with local and national leaders, influenc-
ers, and gatekeepers to solicit political will 
and build trust and support for research 
among key decision makers. These engage-
ments facilitate researchers’ understanding of 
cultural diversity, social norms, and decision- 
making dynamics within communities. 
Advocacy engagements include informative 
interviews and focus group discussions with 
key influencers and meetings with leaders at 
all levels.

Community engagement includes outreach 
activities and meetings with study popula-
tions, community leaders, and members of the 
communities affected by the research. These 
activities support community awareness and 
understanding of clinical research and enlist 
community support for research participa-
tion. Community engagement activities 
address concerns about stigma, confidential-
ity, risk and benefit, and strengthen commu-
nity ownership and sustainable partnerships.

Media engagement. Mass communication 
and engaging the media are very important 
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for research, particularly in an emergency 
response, because of the ignorance and conse-
quent gullibility that can characterize an 
unfamiliar situation. Media interactions allow 
researchers to build trust with local journal-
ists, editors, on-air personnel, and commenta-
tors and to strengthen their knowledge of 
science and clinical research and their scien-
tific reporting skills. Building research literacy 
among media institutions, journalists, and 
commentators is an effective way of prevent-
ing or countering rumors, negative propa-
ganda, misconceptions, and conspiracy 
theories from inundating public perception.

Monitoring & evaluation (M&E) frame-
works should be developed for the stakeholder 
engagement plan to document evolving 
beliefs; the impact of social mobilization on 
community awareness, rumors, and false 
beliefs; understanding of clinical research; 
community knowledge; attitudes and prac-
tices in epidemic response; and research par-
ticipation. Stakeholders can use the 
monitoring and evaluation data to assess 
stakeholder engagement efforts and ensure 
GPP guidelines are in alignment with the 
goals of outbreak response. It is important to 
document the effectiveness of these engage-
ment mechanism to better inform strategy for 
future programming and intervention.

Before Liberian communities were 
involved in PREVAIL, they tended to feel like 
objects of the research rather than partners in 
the process. This fueled distrust and miscon-
ceptions, which negatively impacted the pro-
cess and, ultimately, the outcome of the 
research. Building trust with potential study 
participants, community members, leaders, 
and other stakeholders is not an event; it is a 
process that requires extensive dialogue, trans-
parency, and bidirectional communication in 
a coordinated and involving manner. The 
PREVAIL SMC strategies employed during 
the 2014–2016 Ebola outbreak are a land-
mark example of successful implementation 
of GPP during a public health emergency. 
Continuing engagement with the communi-
ties where research participants live shows 
respect for them, their culture, the traditions 
and norms that bind them together as a peo-

ple, and the ethical principle of treating peo-
ple as means and not merely as ends to another 
goal (Kant 1785). Investigators and funders 
sometimes see GPP as taking time that cannot 
be spared in an emergency and can be tempted 
to make GPP a peripheral rather than founda-
tional requirement. On the contrary, commu-
nity engagement accelerated the conduct of 
the PREVAIL I Ebola Vaccine Trials in 
Liberia during the 2014–2016 Ebola out-
break. Although community engagement 
does take time and resources, clinical research 
without community engagement is more than 
likely to be hindered by unanticipated stum-
bling blocks. In Liberia, community engage-
ment played a cardinal role, first in the 
acceptance of an accelerated clinical research 
program in the community and then in the 
recruitment, retention, and overall response 
rate of study participants.

As we have noted, the PREVAIL I Ebola 
vaccine trial was conducted amid an epidemic. 
With public fear, misconceptions, and lack of 
trust in public officials and the healthcare 
delivery system, obtaining community accep-
tance of an Ebola vaccine clinical trial would 
have been a challenge for any investigator. 
Rumors about the vaccine trials as a means of 
infecting the local population with the Ebola 
virus had spread widely. Resentment of well-
equipped health responders and research sci-
entists stoked suspicion about their motives. 
Media published and broadcast misleading 
stories about vaccine trials, aggravating public 
fear and resistance. Nevertheless, the 
PREVAIL I study team achieved excellent 
study participant recruitment and retention 
rates, thanks to its well-planned community 
engagement strategies and to the hard work 
of team members who understood the social 
and cultural context because they were from 
the communities involved. Such integration 
between research program and community is 
a prerequisite for willing cooperation; respect 
for communities, their members, and their 
social norms; and protection of individual 
autonomy and well-being. What is more, it 
greatly improves the odds of successful trial 
implementation, sound research conclusions, 
and ultimate benefit to the community.
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8  Benefits of GPP

8.1  More Relevant and Better 
Designed Research

Stakeholder involvement in research design 
ensures that research is relevant to communi-
ties, trial procedures are culturally appropri-
ate, and greater equity exists in the eligibility 
criteria for study participation and level and 
duration of ancillary care. This promotes 
long-term sustainability of research capacity.

8.1.1  Better Understanding of How 
to Interact with Surrounding 
Cultures

Effective community engagement helps 
funders, sponsors, and research teams better 
understand and appreciate local cultures, 

norms, and values. This includes concerns of 
marginalized populations, local priorities, and 
community practices that may facilitate or 
prevent epidemic spread. Transparent, mutu-
ally respectful stakeholder engagement mini-
mizes misunderstandings and reduces chances 
for unnecessary conflict or controversy. 
Community representatives can suggest study 
procedure modifications to reduce friction 
and increase acceptance of the research; 
assure that public notices, educational materi-
als, and consent forms are culturally appropri-
ate; and advocate study participation.

8.1.2  Amelioration of Power 
Imbalances

Power imbalances between research teams, 
funders, and sponsors and communities where 
clinical trial participants live are common, 
often along global North-South lines. 

Box 1: An Example of Community Skepticism of Official Leadership
An example of  community skepticism of  offi-
cial leadership occurred early in the COVID-
19 pandemic. By September 2020, the Navajo 
Nation, the largest tribal nation in the United 
States, had reported nearly 10,000 confirmed 
COVID-19 cases and 530 deaths. The Office 
of  the Navajo Nation President and the Vice 
President’s Facebook page notified the Nation 
of  its participation in the Pfizer-BioNTech 
COVID-19 vaccine trial, which had received 
expedited approval from the Navajo Nation 
Human Research Review Board. In more than 
250 comments, many asked, “Why do this?” 
While others said, “No, thanks” (Walker 
2020). Ten days later, the Navajo Nation 
hosted a video town hall. In Indian Country 
Today, a nonprofit news organization, Dr. 
Christine Ami criticized the Navajo leadership 
and the town hall (Ami 2020):

Our own Navajo Nation government is 
now joining those calls to just get over the 
deep past of  dirty research conducted on Na-

tive lands. … Their adamant endorsement of 
this trial without demonstrating official com-
munity input, their clear avoidance of  any dis-
cussion about their failures to enforce the cur-
rent CDC guidelines, their focus on proselytiz-
ing instead of  consulting with traditional 
medicine people, and their unwillingness to 
present and discuss at length on local levels 
the very real side effects of  this trial—both 
biologically and culturally—demonstrate 
their complete disregard for the health and 
safety of  our Navajo people in the quest for a 
questionable solution. …

Many Native Americans live in rural areas 
with limited Internet availability, making on-
line events a poor choice for community inclu-
siveness. In looking at the public reaction in 
the Navajo case, Alec Calac et al. (2021) found 
that many people expressed suspicion, skepti-
cism, and concerns about safety. The virtual 
town hall event left many community mem-
bers dissatisfied.
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Moreover, marginalized groups (e.g., sex 
workers, infected individuals, and certain eth-
nic, cultural, social, or religious groups) are 
often disempowered. Meaningful engage-
ment, strengthened by social science, identi-
fies such imbalances, avoids reinforcing them, 
empowers the vulnerable, and increases aware-
ness of marginalized populations’ needs.

8.1.3  Community Empowerment
An essential component of stakeholder 
engagement is improving stakeholder under-
standing of research. When communities are 
educated and informed, their input is sought 
and respected, strengthening trust and over-
coming suspicions and misconceptions.

8.1.4  Reduction of Stigma 
and Risks

Community engagement can identify risks 
resulting from fear of the disease being stud-
ied (e.g., Ebola) and strategies to counter 
unfounded fears, promote scientifically sound 
precautions against infection, and prevent 
social ostracism of trial participants. For 
example, pregnant Ebola survivors were often 
turned away from hospitals in Liberia when 
they arrived for childbirth. The research team 
helped set up care centers able to take care of 
Ebola survivors. Fears of Ebola virus being 
reactivated peripartum and transmission to 
the infant or medical personnel during deliv-
ery or via breast milk to newborns led the 
PREVAIL research team to undertake a birth 
cohort study (Fallah et al. 2023). The results 
of this and other studies of Ebola survivors 
were funneled back to communities and 
helped allay fears and superstitions.

8.1.5  Understanding Community 
Perspectives

Community perspectives can help inform 
important research questions as well as prag-
matic operational issues, such as helping 
researchers determine:

 5 The compensation research participants 
should receive for their time and expenses

 5 Standard of  care (the level of  care pro-
vided for all patients enrolled in the 
study)

 5 Ancillary care (medical care for conditions 
unrelated to the study)

 5 A well-designed informed consent process 
to ensure participants understand essen-
tial elements of research and the risks and 
benefits of their participation

Early, in-depth interviews with community 
members and the target population can help 
researchers understand what is important to 
the participants. This early feedback helps in 
the design, implementation, and reporting of 
study results.

8.1.6  Enhanced Recruitment 
and Study Conduct

Community partnership helps stakeholders 
anticipate problems and agree on solutions. 
Incorporating local views into research plan-
ning, building community capacity to 
 understand the research and raise concerns, 
and ensuring that trial procedures and study 
outreach materials are culturally appropriate 
are essential components of GPP. These con-
tributions improve recruitment, informed 
consent, adherence to protocol, participant 
retention, and data quality.

8.1.7  Greater Uptake of Study 
Results and Likelihood 
of Future Research

When research teams and their studies are 
trusted, the credibility of researchers and 
research results increase. Participants and 
communities in partnership with researchers 
are more likely to understand and accept trial 
results and incorporate them into healthcare 
practice. Capacity building in conjunction 
with clinical trials paves the way for future 
research.
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Box 2: Mistrust of Research, Reluctance to Use Medical Countermeasures
The accelerated development, authorization, 
and approval of  multiple vaccines, therapeu-
tics, and diagnostics for COVID- 19 soon after 
the pandemic began was a demonstration of 
the capabilities of  modern medical science 
and technology. For a large minority of  the 
population in many countries, though, it in-
tensified or engendered mistrust, especially 
about vaccines. Vaccine hesitancy was listed by 
WHO as one of  ten major threats to world 
health even before the apparent deterioration 
of  global vaccine confidence during the 
COVID-19 pandemic (Eagan et  al. 2023; 
WHO 2019). Vaccines were the subject of 
prominent and often vehement public and pri-
vate discussion. Misinformation and disinfor-
mation ran neck and neck with accurate infor-
mation. Uptake of  COVID- 19 vaccines was 
lower than expected in many countries, de-
spite their well- demonstrated safety and effi-
cacy in most cases.

What do “vaccine hesitancy” and “vaccine 
confidence” mean? The definitions suggested 
by a WHO Strategic Advisory Group of  Ex-
perts in 2014 are a good starting point:

 5 Vaccine confidence is “trust in (1) the ef-
fectiveness and safety of  vaccines; (2) the 
system that delivers them, including the 
reliability and competence of  the health 
services and health professionals and (3) 
the motivations of  the policy-makers who 
decide on the needed vaccines.”

 5 Vaccine hesitancy “refers to delay in accep-
tance or refusal of  vaccines despite avail-
ability of  vaccination services. Vaccine 
hesitancy is complex and context specific, 
varying across time, place, and vaccines. It 
is influenced by factors such as compla-
cency, convenience and confidence” 
(WHO 2014).

Vaccine hesitancy may be motivated by wor-
ries about vaccine efficacy, safety, and side ef-
fects, as well as convenience and cost, though 
most governments undertook extraordinary 
efforts to make access to COVID-19 vaccine 
easy and cost-free. Fear about safety and effi-

cacy were often cited by those reluctant to be 
vaccinated against COVID-19, along with a 
belief  that the assessment of  the vaccines was 
rushed because of  the health emergency. 
Many other misconceptions lay behind suspi-
cions about the vaccines—that the severity of 
COVID-19 was exaggerated for financial gain 
or other nefarious ends, lack of  long-term 
safety follow-up, or that countermeasures 
were meant to control or harm the popula-
tion, by causing sterility, for example (Cascini 
et  al. 2021). Underlying such concerns in 
many countries is increasing mistrust in au-
thorities, from government officials to aca-
demics and healthcare practitioners (Jennings 
et al. 2021).

Whatever terms one uses (Dudley et  al. 
2020), misconceptions that decrease uptake of 
safe and effective medical countermeasures 
defeat the purpose of  emergency research re-
sponse—to save lives, accelerate the end of  the 
outbreak or pandemic, and develop measures 
to prevent and mitigate future outbreaks. The 
underlying causes of  mistrust and unfounded 
beliefs are many and can be based on  anything 
from individual disposition and subjective 
perceptions to economic and social insecurity. 
Skepticism about vaccines has led to out-
breaks of  measles in countries where it had 
been eliminated, hindered the eradication of 
polio, and led to many unnecessary deaths 
with COVID- 19 around the world.

What does this have to do with clinical re-
search and good participatory practice? As sug-
gested above, concerns about safety, efficacy, 
and side effects of  COVID-19 and other vac-
cines are often motivated by mistrust of  the 
research that found them to be safe and effec-
tive. Was it hurried? Were corners cut? Were 
the researchers honest and motivated by peo-
ple’s best interests? Were they only interested 
in profits, or did they have other hidden mo-
tives?

Community outreach or GPP may seem a 
puny tool for influencing mass public opin-
ion, but “retail” GPP has repeatedly proven 
effective with the communities involved and 
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9  Conclusion

GPP should be part of all clinical research, 
especially that conducted during epidemics 
and pandemics. Without community engage-
ment, research teams jeopardize the success-
ful completion of clinical trials. Without 
community support, there may be no trial 
participants, specimens, data, or acceptance 
of valid results. Response to public health 
emergencies will be inadequate without 
advance preparation. Clinical trials may still 
have to move rapidly in places where there has 
been no preparation. GPP is an indispensable 
element of emergency research response and 
can doom a trial to failure if  neglected.

As global population and consumption 
grow, people increasingly encroach on wildlife 
habitats, climate change shifts the ranges of 
disease vectors and melts the permafrost to 
expose ancient pathogens, and intensifying 
meteorological disasters leave fertile environ-
ments for disease transmission in their wake, 
we cannot respond adequately to outbreaks 
without making the people affected partners in 
the research response (David et  al. 2021; 
Lemieux et  al. 2022; Morand and Walther 
2020; Morens and Fauci 2020).

? Discussion Questions
 1. Define good participatory practice 

(GPP), also known as social mobiliza-
tion, communication, and community 
engagement (SMC) and risk communi-
cation and community engagement 
(RCCE).

 2. Discuss why active stakeholder engage-
ment must be part of  an emergency 
research response, and list possible con-
sequences resulting from lack of  trust in 
medical research.

 3. Explain how GPP can be integrated into 
the study life cycle.

 4. How are research stakeholders identi-
fied? Provide some examples of  stake-
holders.

 5. When laying the groundwork for GPP 
during an emergency research response, 
the following factors are critical. Why?
 (a) Dialogue: bidirectional communi-

cation, mutual respect, and reci-
procity

 (b) Genuine commitment to GPP
 (c) Community advisory mechanisms

 6. What are the key elements of  clinical 
research that research partners and 
community members need to under-
stand for successful dialogue?

 7. As dialogue with stakeholders is begun, 
a roadmap or plan for ongoing engage-
ment through the course of  the trial 
must follow. What needs to be included?

 8. When planning for an emergency 
research response, a budget for GPP 
needs to be developed (as part of  a fund-
ing plan/request). What needs to be 
included in the budget?

 9. Summarize the implementation of 
GPP in Liberia during the 2014–2016 
Ebola outbreak.

can provide a solid foundation for broader 
public understanding. Talking to people one 
knows who have direct experience as partici-
pants in clinical trials often carries more 
weight than secondhand reports. Public un-
derstanding would thus benefit from consis-
tent implementation of  GPP. In uncontrover-
sial clinical trials in developed countries, 
GPP may be ignored or considered merely a 
recruitment tool. Public understanding of 
and appreciation for scientific research have 

dropped in recent years (Kennedy et  al. 
2022), and community outreach and other 
measures to promote a closer acquaintance 
between researchers and those who benefit 
every day from the work they do should help 
build trust between communities that other-
wise seldom cross paths. GPP and similar 
outreach programs should help counter the 
mistrust that has led to countless preventable 
deaths from infectious diseases new and old.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 How good participatory practice (GPP) 
provides a framework for community 
engagement by clinical research teams

 5 The process of building community sup-
port and some examples of working with 
devalued communities

 5 Approaches to community involvement 
and increasing scientific understanding in 
the community

 5 Avenues for conveying accurate knowledge 
and correcting misperceptions and misin-
formation

 5 Difficulties encountered when applying 
GPP in public health and the need for 
implementation science

1  Good Participatory Practice 
as a Framework

Community members are the heart of all clin-
ical trials, particularly for prevention (includ-
ing vaccine) research where healthy individuals 
will be enrolled. Community engagement is 
the process of respectfully and honestly shar-
ing information and perspectives among com-
munity members, researchers, research 
sponsors, and other stakeholders to facilitate 
collaboration based on mutual trust with 
communities where clinical trials are imple-
mented. Community engagement via good 
participatory practice (GPP) is a feature that 
continues throughout the lifecycle of a clinical 
trial, from concept generation through dis-
semination of results (7 Chap. 18). It includes 
community education, study recruitment, and 
participant retention.

GPP guidelines were originally developed 
by UNAIDS and AVAC (Global Advocacy 
for HIV Prevention) (UNAIDS and AVAC 
2011) to improve stakeholder engagement in 
biomedical HIV prevention trials, following 
community protests in several countries 
against planned trials about which they had 
not been well informed (Allman et  al. 2014; 
Chua et al. 2005; Cohen 2005; Ditmore 2005; 
Duan 2005; Haire 2011; Lange 2005; Mills 
et al. 2005; Page-Shafer et al. 2005; Peterson 

and Folayan 2019; Singh and Mills 2005). 
“The GPP guidelines set global standard 
practices for stakeholder engagement. When 
applied during the entire lifecycle of a bio-
medical trial, they enhance both the quality 
and outcomes of research” (Broder et  al. 
2020). GPP guidelines have been foundational 
to developing global standards for engaging 
stakeholders in the design, conduct, and out-
comes of clinical trials. Since their genesis, the 
concepts embodied in GPP have been further 
refined. Below are a few of many examples:

 5 Good Participatory Practice Guidelines for 
Trials of Emerging (And Re-Emerging) 
Pathogens that Are Likely to Cause Severe 
Outbreaks in the Near Future and for which 
Few or No Medical Countermeasures Exist 
(GPP-EP) (WHO 2016)

 5 Good Participatory Practice for COVID-19 
Clinical Trials: A Toolbox (WHO 2020)

 5 Research in Global Health Emergencies: 
Ethical Issues (Nuffield Council on Bio-
ethics 2020)

 5 Good Participatory Practice Guidelines for 
TB Vaccine Research (AERAS 2017)

2  Building and Maintaining 
Foundational Relationships

Building community support depends on the 
cultivation and maintenance of relationships 
and partnerships between the research team 
and the wider community, including, but not 
limited to:

 5 Social service providers
 5 Advocacy and community-based organi-

zations
 5 Tribal leaders
 5 Medical professional associations and tra-

ditional healers
 5 Information media
 5 Academia
 5 Public sector health and governance part-

ners
 5 Faith-based organizations
 5 Organizations that serve or represent com-

munities that have been economically and 
socially marginalized

 5 Other non-governmental organizations 
(NGOs) and nontraditional partners
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Working in partnership with community 
groups that have established relationships of 
trust with the community is invaluable, espe-
cially in communities with devalued identities, 
e.g., men who have sex with men, sex workers, 
racial and ethnic minorities, and transgender 
people. Partnerships must incorporate bidi-
rectional communication and reciprocity, 
building capacity for all partners to work 
together. Anthropologists, local partners, and 
community leaders can provide essential 
knowledge, guidance, and direction to make 
partnerships work (7 Chap. 26). Effective 
partnerships recognize and integrate the 
expertise and experience of all partners, iden-
tifying roles and responsibilities for each part-
ner. Continued community engagement, even 
when a clinical trial site is not enrolling par-
ticipants, helps build an institutional reputa-
tion of trustworthiness and concern for the 
needs of the communities being served. It also 
demonstrates that the research team is com-
mitted to the community’s long-term health 
and is not merely engaged at times that benefit 
their own purposes.

Clinical research programs rely on such 
partnerships to communicate honestly and 
openly with communities and potential 
research participants. They can provide 
trusted individuals to answer questions and 
assuage concerns about safety and side effects, 
equitable inclusion in clinical trials, and prod-
uct development. The principal investigator, 
along with the clinic staff, must work continu-
ally to build trust and share information, act-
ing collaboratively with media and community 
leaders to do so. Listening to community con-
cerns, input, and feedback, translating science 
into understandable and accurate terms, and 
disseminating information through appropri-
ate community channels are all indispensable.

2.1  Real-World Examples

2.1.1  Rio de Janeiro, Brazil
In 2015, an art-focused program, known as 
Transcrições Art Project, was conceived to 
build bridges and foster relationships with 
transgender women (TGW) through art- 
related activities. The program was designed 

as a preparedness step for establishing a TGW 
referral center for healthcare and research at 
the Fiocruz clinical research site, a major pub-
lic health research institution in Rio de 
Janeiro. The project supported art activities 
centered on the principles of self-respect, 
empowerment, and community building 
among transgender women. Activities 
included classes (e.g., Afro dance, acting, 
make-up), movie exhibitions, capacity build-
ing and advocacy workshops. A TGW leader 
and two highly skilled art educators who were 
paid members of the site’s community engage-
ment team conducted these activities. From its 
inception through 2019, over 700 TGW par-
ticipated in workshops, museum tours, dra-
matic play attendance, and public 
presentations. During the COVID-19 pan-
demic, Transcrições moved to a virtual space, 
and weekly activities were organized through 
WhatsApp to maintain the connection 
between the TGW community and the 
research site. This was particularly important 
as the pandemic disproportionately impacted 
TGW across Brazil (. Fig. 1).

2.1.2  Buenos Aires, Argentina
For more than 20 years, the Balvanera clinical 
research site in Buenos Aires has focused on 
the care of people living with HIV. To enhance 
their community engagement, in October 
2001 Balvanera established CePAD,1 an HIV 
testing center providing confidential, anony-
mous, no-cost HIV testing, eliminating the 
need to go to a doctor’s office for a test refer-
ral. CePAD helped cultivate a strong and 
enduring relationship with the local lesbian, 
gay, bisexual, transgender, queer, and/or ques-
tioning (LGBTQ+) community. In 2012, 
CEPAD expanded its services through a proj-
ect focused on providing peer training to 
transgender community members. These 
efforts were further expanded in 2017 with the 
establishment of Clinsex, a sexual health 
clinic focused on preventing sexually trans-

1 Los Centros de Prevención, Asesoramiento y Diag-
nóstico (Centers for Prevention, Counseling, and 
Diagnosis). Website: 7 https://buenosaires.gob.ar/
salud/coordinacion-salud-sexual-vih-infecciones-
de-transmision-sexual/test-de-vih-y-sifilis-y.
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       . Fig. 1 Transcrições Art Project for fostering relationships with TGW in Rio de Janeiro, Brazil. (Courtesy Fred 
Hutch)

mitted infections by offering specialized, 
friendly, high-quality care. Clinsex facilitates 
access to safe sexual health services for people 
vulnerable to HIV, promoting the availability 
of preventive, diagnostic, and treatment tools. 

Clinsex has also conducted research aimed at 
responding to specific public health problems 
and facilitating training for health profession-
als to increase effective engagement with and 
care for vulnerable populations.
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3  Meaningful Community 
Involvement Throughout 
the Research Process

» Failure to properly and genuinely engage 
communities early in the stages of research 
planning may result in an inability to properly 
conduct and complete important trials. … 
Communities of people affected by research 
should … play an active, informed role in all 
aspects of its planning and conduct, as well as 
the dissemination of results.

(UNAIDS and WHO 2007)

Increasing community awareness and knowl-
edge to address and correct misperceptions 
and misinformation requires using 
community- based participatory research 
(CBPR) approaches that involve the commu-
nity meaningfully from the outset of any 
research program (Wallerstein et  al. 2017). 

Communication with community members 
and leaders must use respectful language (e.g., 
older adult vs. elderly, priority vs. target popu-
lations, transgender vs. transgendered), inclu-
sive identifiers (e.g., men who have sex with 
men and gay men), and materials that can be 
easily understood by priority populations 
(NIH 2023). Communities where various lan-
guages are spoken require special attention 
because preferred terms will vary, and some 
languages may not have words for specific sci-
entific terms. Even among those fluent in 
Western languages like Portuguese, French, or 
English, speakers will have varying levels of 
scientific literacy, requiring additional efforts 
to ensure understanding of the biomedical 
product development process. Challenges can 
be addressed by developing appropriate out-
reach materials (. Fig. 2), creating meaning-
ful and consistent metaphors for unfamiliar 
concepts, and using illustrated media.

       . Fig. 2 First page of  a “flipbook” produced by NIAID to explain a clinical trial to participants with little previ-
ous understanding of  the topic. (NIAID)
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The following approaches can help ensure 
meaningful community involvement:
 1. Establishing expert panels composed of 

scientists and community leaders whose 
members represent priority communi-
ties. In addition to working with the 
communities, members review protocols 
and offer guidance and direction on con-
siderations for their respective popula-
tions.

 2. Inclusion of community members on every 
protocol team as specific clinical trial con-
cepts are identified and developed.

 3. Establishing Community Advisory 
Structures, which may include:
 (a) Community working groups composed 

of experienced community educator 
staff  members and community advi-
sory board (CAB) representatives 
from participating clinical research 
sites, who ensure adherence to com-
munity involvement principles in a 
form suitable for the community. CAB 
members advise on specific projects 
that their sites are involved in.

 (b) Clinical Research Site community advi-
sory boards (CABs) represent the 
community of potential and enrolled 
participants. CABs are composed of 
community members who have insight 
into what works best in their local cul-
tural and geographic context.

 (c) Global CAB. As each site is advised by 
a local CAB, these local groups each 
designate a representative to serve on a 
Global CAB that advises the broader 
network. The group meets virtually by 
webinar, with simultaneous interpreta-
tion provided by professionals, facili-
tating the involvement of those whose 
primary language differs from the pri-
mary language used in the clinical 
trial. This advice can include, but is 
not limited to, consultation on poten-
tial scopes of research to be under-
taken, the naming of programs, 
recommendations for working groups, 
policy choices, etc. The group elects its 
chairpersons and designates members 
to serve on network governance com-
mittees.

3.1  Real-World Examples

3.1.1  USA, Peru, Brazil, South Africa
The COVID-19 Prevention Network 
(CoVPN) staff  at clinical research sites across 
the world recognized the need to enhance 
community awareness and education and 
reduce misinformation and disinformation 
circulating in communities about COVID-19 
and COVID-19 vaccines and broadly neutral-
izing antibody (bnAb) therapeutics.

To better understand how to convey accu-
rate information to local communities and to 
train clinical research site staff  in the impor-
tance of community understanding for suc-
cessful study conduct, the CoVPN conducted 
virtual consultations in partnership with site 
staff  and community stakeholders, identifying 
the need to develop educational videos. Site 
staff, community advisory board members, 
and other community stakeholders were 
engaged at each stage of video development—
content solicitation, concept sheet develop-
ment, script review, review of draft videos, 
review of translated scripts, review of finalized 
videos, and review of final videos in languages 
other than English. Videos were first devel-
oped in English and adapted into Spanish (for 
the USA and Peru) and Portuguese (for 
Brazil), resulting in 24 videos. In addition, vid-
eos were adapted into seven African languages 
for African clinical research sites. The videos2 
addressed the following themes:

 5 The importance of enrolling diverse par-
ticipants in COVID-19 studies

 5 How can vaccine and antibody studies 
move so quickly and still be safe?

 5 Using antibodies for the prevention of 
COVID-19

 5 Vaccines do not cause COVID-19!
 5 What happens during vaccine study visits?
 5 What happens if  I get COVID-19 while 

enrolled in a clinical study?

2 Playlist of  animated videos: 7 https://www.you-
tube.com/playlist?list=PLyV7_IecAhEqW6fWzX-
waN1g0U7IoYjF4u.

Prevent Covid 19 YouTube page with playlists for English, 
Spanish, and Portuguese: 7 https://www.youtube.com/@
preventcovid19.
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 5 Is one vaccine or antibody regimen against 
COVID-19 enough?

 5 Addressing nine COVID-19 myths and 
facts

4  Maintaining and Sustaining 
Engagement

Multiple NIAID-funded clinical trial net-
works were repurposed as the CoVPN to 
address the COVID-19 pandemic in March 
2020 (CoVPN 2021). CoVPN capitalized on 
existing HIV/AIDS research infrastructure 
and historic community engagement efforts. 
The effort was further supplemented by 
including other federally funded partners, 
such as other NIH institutes, the Veterans 
Administration, the Biomedical Advanced 
Research and Development Authority, and 
the Walter Reed Army Institute of Research 
(all in the United States). CoVPN successfully 
sustained community partnerships through 
continued support and focus on community 
engagement (Andrasik et  al. 2021). At the 
CoVPN, particularly at clinical research sites, 
community engagement continued to be a col-
lective responsibility shared by persons in all 
roles—investigators, community outreach, 
clinicians, and CAB members—and across 
the research lifecycle. Effective community 
engagement programs are characterized by 
the development of permanent teams of full- 
time staff  (two to four staff  members at each 
site) who lead and facilitate engagement 
efforts.

Each clinical research site must employ a 
minimum of one local, full-time community 
educator responsible for developing and 
implementing site-specific community engage-
ment work plans that outline goals, objectives, 
and the scope of work. Community educators 
collaborate with the CAB to assess commu-
nity education needs and identify appropriate 
educational strategies and materials. They 
also ensure that CAB representatives have 
input into study-specific issues, such as 
addressing community misconceptions, deter-
mining appropriate and non-coercive incen-

tives for trial participation and retention, and 
determining the package of services that make 
up the local standard of prevention. An effec-
tive community educator develops and main-
tains collaborative community partnerships 
and ensures that all clinical research staff  are 
involved in community engagement activities 
as appropriate.

CoVPN required its clinical research sites 
to develop annual work plans that outline 
their plans and objectives for community 
engagement. Work plans were reviewed and 
approved by the network’s Community 
Engagement Unit and developed in partner-
ship with site staff, including investigators, cli-
nicians, CAB members, and community staff  
members. The work plans described commu-
nity education, recruitment, and retention 
efforts, as well as how the CAB would be 
developed, educated, and utilized. CAB mem-
bers provided input into the community 
engagement work plans developed by their 
respective sites and were required to co-sign 
the final plan.

4.1  Real-World Examples (. Fig. 3)

4.1.1  South Africa
Even when they are not actively recruiting, 
clinical research sites across South Africa pro-
vide ongoing support for stakeholder pro-
grams through:

 5 Participation in activities planned by 
stakeholders.
 – Site staff  often participate as unpaid 

speakers to address health issues with-
out speaking about specific studies.

 5 Promoting and advertising activities tak-
ing place in the community.

 5 Site community educator participation in 
virtual and in-person community groups 
and dissemination of information regard-
ing new developments and scientific 
advances.

 5 Site participation in  local community 
radio station “healthy day” events, which 
reinforce the connection between the com-
munity and the research site.
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       . Fig. 3 Kagisho Baepanye conducting a community advisory board workshop on HIV at the Aurum Klerksdorp 
Clinical Research Site in Klerksdorp, South Africa. (Courtesy Fred Hutch)

       . Fig. 4 The Fundación Huésped clinical research site in Buenos Aires. (Credit: Gastón Devisich/Huésped)

4.1.2  Buenos Aires, Argentina
The Fundación Huésped clinical research site 
in Buenos Aires has long worked to develop a 
presence and reputation for transparency and 
trust in their local community, particularly 
during the sanitary crisis that resulted from 
the COVID-19 pandemic. The site staff  
sought funding through Coalition Plus (of 
which Fundación Huésped is a member) and 
implemented several economic assistance 
projects for the local community, working in 
collaboration with partners like the Argentine 

LGBTQ  +  Federation (FALGBT) and 
Migrantes  ×  Migrantes and La Garganta 
(Migrants  ×  Migrants and the Powerful 
Throat) (. Fig. 4).

Poderosa. Together they organized efforts 
to distribute basic food (e.g., milk, oil, rice) 
and disinfection (e.g., alcohol, facemasks, 
etc.) supplies for community members. They 
also successfully secured donations of kitchen 
and cleaning supplies for distribution through 
their partnerships with Hotel Gondolin (an 
institution where approximately 30 transgen-
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der people live) and Casa Trans. These institu-
tions were critical in the design, planning, and 
implementation of a home-care project, 
through which an interdisciplinary team pro-
vided HIV and STI prevention, care, diagno-
sis, and treatment services; COVID-19 
vaccination; training on active management 
of COVID-19 cases; and community mental 
health interventions. Additionally, the site 
offered its endocrinological clinic for hor-
mone therapy for transgender women, ser-
vices that were not provided at general health 
centers.

4.1.3  São Paulo, Brazil
Over the past few years, the Cerqueira Cesar 
clinical research site in São Paulo has achieved 
continuity of activity by using video and 
social media. Many social media posts have 
supported festive dates for the LGBTQ+ com-
munity and promoted information about 
health, human rights, and sexuality. The site 
also conducts live streams on its Instagram 
channel and through channels hosted by com-
munity partners. The site’s community 
 educator also participates in WhatsApp 
groups, maintaining direct, almost daily dia-
logue with community members. Additionally, 
site staff  participate in city and municipal 
committees where health policy issues are dis-
cussed and strategies are developed. In 2019, 
as part of an advanced course for post- 
graduate students and health professionals on 
HIV pathogenesis at a local university, the 
community engagement team facilitated dis-
cussions about the lived experiences of trans-
gender women, including bringing transgender 
women to engage in dialogue with the class 
(. Fig. 5).

4.1.4  Lima, Peru
The use of social networks became a strategic 
tool utilized by several Peruvian sites in 
response to COVID-19 restrictions to share 
information with participants and communi-
ties. Local teams were challenged to learn how 
to use various internet platforms to maintain 
contact with community-based organizations 
in such an expedited, short time. Clinical 
research sites in Lima and Iquitos have cre-

ated successful communication channels (i.e., 
Facebook, Instagram, TikTok) to convey 
research achievements, ensure that the local 
community is included in research, and allow 
community leaders to share their experiences 
and perspectives. For clinical research sites in 
Lima, the primary communication channels 
are social network apps (e.g., Facebook, 
Instagram, TikTok). For the Asociacion Civil 
Selva Amazonica (ACSA), covering clinical 
research sites in the Peruvian jungle region, 
face-to-face approaches remain the most 
important channel.

As COVID persisted in Peru, it became 
common to watch news about vaccine devel-
opment on TV, listen to discussions focusing 
on vaccines, and ask others what vaccines 
they had taken. As a result of this normative 
focus on vaccines, communities in Lima are 
more familiar with terms like vaccine, 
research, and protection. This is a window of 
opportunity to link this knowledge to benefit 
future HIV vaccine development and all the 
steps needed to achieve this goal (. Fig. 6).

4.1.5  Iquitos, Peru
The sanitary emergency caused by the COVID 
pandemic revealed the fragility of health sys-
tems, which in some cities became more evi-
dent than others. Iquitos, a city located in the 
northeastern part of Peru, was severely 
impacted early in the pandemic, challenging 
local community leaders to take extraordi-
nary actions in the face of the overflow of 
cases and the limited response of the local 
health system. In view of the health system’s 
limited ability to provide oxygen, for example, 
Raymond Portelli, a local priest and medical 
doctor, successfully led a national virtual fun-
draising campaign supporting two local oxy-
gen centers, partially alleviating the crisis that 
the most vulnerable populations were experi-
encing. Dr. Portelli has cared for people with 
HIV for many years and works with the 
ACSA, a vaccine research center in Iquitos, 
Peru. Having an authentic community leader 
as an ally for the development of HIV 
research, and now for COVID research 
response, is the kind of strength that research 
centers must identify and maintain (. Fig. 7).
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       . Fig. 5 Poster 
promoting a health 
information meeting for 
the transgender commu-
nity in São Paulo. (Credit: 
Regina Elias da Costa)

       . Fig. 6 A virtual 
community talk about 
COVID-19, Lima Peru
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       . Fig. 7 Raymond 
Portelli participating in 
one of  the TV shows 
broadcast locally with the 
support of  Asociacion 
Civil Selva Amazonica 
(ACSA CRS) in Iquitos, 
Peru. (Courtesy ACSA 
CRS)

5  Implementation Science: A Call 
for Support

The conduct of biomedical prevention and 
treatment studies, especially in the context of 
a global pandemic, needs to be guided by 
research into the best ways to implement new 
public health tools. This concept is grounded 
in lessons learned from the clinical trials of 
new vaccines, monoclonal antibodies, drugs, 
and/or other products that have been proven 
to be safe and effective in clinical trials, and 
that have received initial approvals by appro-
priate regulatory authorities. Such rational 
development of ways to use new technologies 
for the good of communities has been termed 
implementation research. While critical to 
ultimately taking ideas from the bench to the 
bedside, funding for this type of research has 
historically been very limited compared with 
funding for basic, translational, and other 
clinical trials research. GPP will remain diffi-
cult to implement in public health in the 
absence of public and philanthropic research 
support of implementation science (Holtrop 
et al. 2021; Proctor et al. 2009).

? Discussion Questions
 1. How does good participatory practice 

(GPP) help build community engage-
ment for clinical research?

 2. Community support depends on rela-
tionships and partnerships of  trust and 
mutual respect between the research 
team and various community groups.

 (a) List some of  these community 
groups.

 (b) Provide one or two examples of 
building bridges and fostering rela-
tionships with devalued communi-
ties.

 3. Meaningful community involvement 
must occur from the outset of  the 
research process and be sustained 
throughout.
 (a) Describe approaches to meaningful 

community involvement.
 (b) How can the research team increase 

community awareness and correct 
misperceptions and misinforma-
tion?

 (c) Provide examples of  efforts by 
CoVPN to enhance community 
awareness and reduce the impact of 
COVID-19 misinformation and dis-
information.

 4. What difficulties may be encountered 
when applying GPP to public health?

 5. What is implementation science and why 
is it needed in this context?
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 Social analytics and its holistic approach to 
available data

 5 Key capabilities of social analytics systems
 5 The mechanics of effective social analytics
 5 The role of social media in monitoring 

beliefs and public opinion during health 
emergencies

 5 Why social media data should be inter-
preted cautiously

 5 What determines the success or failure of 
social analytics in practice

 5 Examples from Liberia and the Democratic 
Republic of Congo (DRC) where social 
analytics was successful and why

 5 Examples of misinformation and recurring 
behaviors of information flow

1  Introduction

Ensuring accurate, real-time understanding 
of individual, community, and societal beliefs, 
levels of trust, attitudes, and understanding 
of interventions during health emergencies is 
fundamental to effective response efforts. 
Social analytics is a powerful tool enabling 
governments, responders, and researchers to 
gauge real-time, geographically specific beliefs 
during health emergencies.

Epidemics occur in the real world. The dis-
ease appears and spreads in cities, remote vil-
lages, and nations that long predate the arrival 
of a pathogen. Health emergencies cause 
enhanced fear and anxiety among popula-
tions (Dragioti et al. 2022). Health emergen-
cies often disrupt societal structures such as 
schools, hospitals, and businesses, including 
restrictions on individual and community lib-
erties such as quarantines and curfews. 
Societal disruption aside, there are fears about 
the disease’s threat to individuals and families. 
In many health emergencies, there is also a 
stigma associated with the disease (e.g., Ebola, 
mpox) that can result in social and employ-
ment ostracism. Moreover, in contrast to 
Western societies, which place relatively high 
emphasis on the individual, many cultures 

place greater emphasis on community or 
tribal identity. The ability to effectively 
respond to an infectious disease emergency 
requires individual, community, and popula-
tion cooperation in the case of pandemics. 
Ending an outbreak may require non- 
pharmaceutical public health interventions 
such as masks, hand washing, and physical 
distancing or medical countermeasures 
(MCMs) like vaccines, therapeutics, and diag-
nostics—in most cases both sorts of response. 
Uptake and application of these interventions 
are obviously necessary for them to be effec-
tive. Clearly for research response—for accep-
tance of the interventions assessed to be safe 
and effective by research—support and par-
ticipation by individuals and communities is 
critical to success.

Communities and populations are not 
monolithic. There are significant differences 
among individuals, communities, and groups 
that influence the acceptance of response 
interventions. Cultural practices, personal 
economies, politics, prejudices, education, reli-
gion, previous experiences, communal beliefs 
around who is trustworthy, and other factors 
intersect and can profoundly impact whether 
public health interventions, research responses, 
and response objectives are achieved. 
Marginalized and vulnerable groups may react 
differently than the dominant population.

An additional layer of complexity is that 
prevalent beliefs evolve over the course of 
health emergencies. In the beginning, disbelief  
or denial is common, e.g., Ebola is not real, 
COVID-19 is not that serious, etc. Over time, 
once the emergency is accepted as real, blame 
sets in, e.g., Ebola was created by industry, 
and the Chinese are responsible for SARS- 
CoV- 2. With medical countermeasures 
(MCMs), false beliefs and rumors can under-
cut acceptance and uptake, as seen clearly 
with vaccine hesitancy, refusal to seek care, 
use of “alternative” treatments, etc. (. Fig. 1).

The ability to conduct a research response 
requires dialogue with stakeholders. The most 
important are the individuals and communi-
ties directly participating in research (7 Chap. 
18). It is essential that responders, govern-
ments, and researchers have real-time data 
specific to the beliefs, attitudes, knowledge, 
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       . Fig. 1 Dynamics of  belief  systems may differ among 
societies that are more individualist as against those 
with a more communal orientation, but in all cases 

changing conceptions of  medical research and the 
MCMs it produces has an impact on compliance with 
public health and medical advice. (Elizabeth S. Higgs)

and social mores of communities and popula-
tions where they are working so the respond-
ers can communicate as effectively as possible 
with target populations.

A new obstacle, or at least a greatly 
enlarged one, is intentional misinformation by 
individuals and entities trying to advance 
agendas other than that of the emergency 
response, with motives ranging from mone-
tary gain to strategic calculation at the nation- 
state level (Toepfl et  al. 2023). Social media 
increase the volume and speed of rampant 
disinformation, rumors, and misinformation,1 
increasing the risk posed by unscientific beliefs 
and disruptive social behaviors and further 
amplifying fear and mistrust.

While at the data analytics company 
Novetta, authors Rhys O’Neill and David 
Cyprian developed sophisticated methodolo-
gies and technology processes to parse and 
analyze social media in conflict zones like 

1 As Bernard et al. (2021) explain, “It is important to 
distinguish between disinformation and misinfor-
mation: misinformation is typically classified as 
‘accidental falsehood,’ or wrong and misleading 
information shared without malice, while disinfor-
mation is ‘deliberate falsehood,’ or wrong or mis-
leading information shared in full knowledge of  its 
falsehood, often with malicious intent.”

Syria and Iraq for clients in the national secu-
rity domain. Innovative and pragmatic appli-
cations of modern technology, including 
machine learning (ML), natural language pro-
cessing (NLP), computer vision, and data sci-
ence tools, enable the processing of raw 
content at the scale required to discover, 
extract, measure, and analyze social data for 
narrative power and capacity to change 
behavior. During the 2014–2016 West Africa 
Ebola outbreak, the National Institute for 
Allergy and Infectious Diseases (NIAID) saw 
the potential to conduct real-time monitoring 
of beliefs, attitudes, and rumors to support 
social mobilization, communication, and 
community engagement (SMC) as part of its 
research response in Liberia.

Social Analytics became a valuable tool in 
the SMC efforts in Liberia and later in the 
eastern Democratic Republic of the Congo 
(DRC) during the large EVD outbreak 
between 2018 and 2020. The latter research 
response took place in near war-zone condi-
tions, and social analytics information was 
particularly valuable for characterizing risk. 
The value of social analytics for health appli-
cations is expanding rapidly, and it has now 
been used in the recent Sudan virus outbreak 
in Uganda and several locations in response 
to the COVID-19 pandemic.
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       . Fig. 2 Clinical trial site in Liberia. (Photo: Laura McNay)

Effective social analytics requires a holistic 
approach to available social data, including 
online content, news and broadcast content, 
and field research. It falls flat unless it includes 
data from the operational environment that 
can inform effective countermeasures and risk 
communications. The benefit and operational 
utility of the social mobilization, community 
engagement, and communications (SMC) 
structure that had already been established for 
the response and research in Liberia became 
the context for analysis.

Having the SMC in place allowed us to 
implement two adaptations from our conflict- 
zone work, which was more removed from in- 
country events because of security concerns. 
In the disease outbreak environment, espe-
cially in Libera, we could (1) include a rumor 
tracking process from in-country field research 
networks and (2) focus specifically on using 
the inputs from social analytics to inform 
SMC activities, including the determination 
of when to intervene with SMC messaging, 
followed by rapid assessment of the effective-
ness of these interventions. A critical element 
of social mobilization, communication, and 

community engagement (or good participa-
tory practice [GPP]) in support of research 
response is current information on commu-
nity beliefs, rumors, and attitudes toward 
both the viral threats and the medical and 
non-medical interventions intended to miti-
gate the outbreak, and toward the health per-
sonnel leading the response (. Fig. 2).

The two EVD environments were very dif-
ferent: In Liberia, we supported post-peak 
clinical research for treatments, vaccines, and 
survivor studies. In DRC, we supported the 
PALM2 randomized clinical trial of Ebola 
therapeutics at the height of the epidemic, 
with ongoing violence, regional instability, 
and open warfare raging in the region 
(Mulangu et al. 2019; Nguyen 2019). Working 
with the SMC teams, we had the opportunity 
to field test, refine, and apply an approach to 
social analytics to support the research 
response. The weekly social analytics reports 
developed during the 2018 North Kivu, DRC 

2 Pamoja Tulinde Maisha (PALM): “Together Save 
Lives” in Swahili.
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Ebola outbreak were provided to WHO, the 
government of the DRC, response groups, 
and other responders. The reports provided 
geographically precise feedback on evolving 
community beliefs and sentiments. They also 
enabled critical alerts and operational recom-
mendations for the epidemic response and 
clinical trial teams, as well as the social mobi-
lization teams responsible for risk communi-
cations and community engagement (RCCE). 
The process of providing accurate monitoring 
required the synthesis of information from 
many sources, both online and offline. Critical 
threats had to be rapidly extracted from the 
noise of low-risk chatter, processed for verac-
ity and threat level, and transmitted to those 
who could act to mitigate the threat of addi-
tional exposure to the Ebola virus or physical 
threats to clinical sites.

The global threat of coronavirus disease 
2019 (COVID-19) remains, even after more 
than four years. While EVD was largely con-
fined to distinct areas, with a few cases spread-
ing to other continents from the West Africa 
outbreak, COVID-19 is truly global. 
Nevertheless, social analytics insight frame-
works, observations, and tools apply in these 
very different situations in a great many 
respects. Social analytics collects real-time 
“fake news” and misinformation, localized 
economic, cultural, and political attitudes, 
and the influence of trusted voices on the pop-
ulation groups that trust them. The causes of 
counterproductive social behaviors, including 
refusal to comply with public health measures 
and vaccine hesitancy, can thus be better 
understood. The data sourcing, critical threat 
monitoring, and analytical frameworks 
refined for the EVD outbreak have also proven 
effective and relevant for COVID-19 manage-
ment. However, the application and response 
channels for COVID-19’s global reach require 
different messengers and mediums.

Effective social analytics for epidemic pre-
paredness begins with understanding and 
accounting for the predictable elements within 
the social context of disease outbreaks. Rapid 
adaptation of data collection tools, data pro-
cessing algorithms, and measurable indicators 
is possible within proven frameworks built on 
known factors that will occur, reoccur, and 

potentially disrupt global health response. 
What follows is a playbook for the resources 
and elements that should be included in social 
analytics cells to maximize the breadth and 
utility of support. We also include numerous 
examples from our work with EVD and 
COVID-19 to illustrate use cases where social 
analytics can make a positive difference in 
desired global health outcomes.

2  The Mechanics of Effective 
Social Analytics

Social analytics is a versatile and essential tool 
for epidemic response. As we learned, social 
analytics itself  must be constructed from a 
broad array of sources that includes social 
media and other online content, but offline 
conversations and traditional news and 
broadcast media must not be neglected. In 
addition, it must be acknowledged at the out-
set that this type of social data is inherently 
messy, difficult to collect consistently, and 
requires significant interpretation to derive 
value. It requires both technology tools that 
can convert unstructured text and media snip-
pets into structured data for pattern discovery 
and regional experts who can interpret the 
information in the local context.

The key capability of any social analytics 
system is to listen: to hear the motivations, the 
stories, the misinformation, and the fears that 
circulate and resonate among a target popula-
tion regarding specific public health interven-
tions, activities, and messaging. With this 
capability, a critical monitoring function is 
fulfilled. Early warnings of false beliefs, 
rumors, and the prevalence of narratives 
(harmful and helpful) are collected.

With the data in hand, the next step is the 
ability to extract, parse, and sort large streams 
of unstructured data to discover relevant or 
dangerous patterns. Categorizing circulating 
narratives to correlate with operational goals 
and adapting ML techniques to quickly 
 classify content according to this taxonomy 
provide critical context to SMC to determine 
which rumors need a response and which can 
be ignored. This process allows the SMC team 
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to craft appropriate social interventions. The 
monitoring capability then fulfills a spot eval-
uation role, indicating the degree of influence 
the intervention may have had in the narrative 
environment (. Figs. 3 and 4).

Typical technology would include social 
listening software (to extract social media 
conversations), a media monitoring service or 
software, and a data analysis system that 
allows for data manipulation and ML and 

       . Fig. 3 Alerted about an attack by militiamen against 
a civilian vehicle on National Road Number 2y near the 
northeastern DRC city of  Ituri, UN Stabilization Mis-

sion (MONUSCO) peacekeepers intervene in March 
2022 to repel the assailants and protect the civilian pop-
ulation. (Photo: MONUSCO/Force)

       . Fig. 4 Social analytics can become a vital part of 
the cycle of  community engagement, allowing social 
communications teams to better understand the results 

of  their efforts and refine their messaging to address the 
evolving concerns of  communities near research sites. 
(Elizabeth S. Higgs)
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       . Fig. 5 This virtuous loop 
depicts the lifecycle of  social 
analytics and interventions. The 
same process used to monitor 
the baseline environment 
becomes an assessment tool for 
the impact of  interventions. 
(Authors)

NLP data analytics modules. Social media 
monitoring provides nearly immediate and 
cost-effective access to a vast array of issues 
and narratives. ML and NLP techniques 
(including geolocation, bot detection, topic 
modeling, named entity recognition, and 
object recognition) can help to formulate clus-
ters of topics and clusters of users. Analysis 
techniques can also help determine whether 
social conversations are increasing in virality 
and intensity or waning (. Fig. 5).

However, social media data must be inter-
preted cautiously for several reasons. The 
availability of social media data for research-
ers to collect is limited by the platforms them-
selves. Companies like Meta restrict the 
availability of Facebook and Instagram data. 
Overreliance on Twitter (now X), the one 
major social media platform with relatively 
open access, is common and can be a poor 
substitute in many regions, including Africa, 
where daily Twitter usage is minuscule com-
pared to Facebook and WhatsApp. Another 
challenge is gathering an appropriate target 
audience sample, although diaspora popula-
tions and inorganic users (bots, troll farms, 
etc.) require that even the best analytic tech-
niques accept some imprecision.

Therefore, regional expertise and addi-
tional data sources can significantly improve 
confidence in findings. These experts can con-
duct media landscape research to determine 

what sources have the most active reach into 
the target populations. These experts can also 
tap local field networks to validate or disprove 
whether online narratives and misinformation 
are reaching or influencing target populations. 
This validation can also help uncover patterns 
and motivations causing behavior of interest 
that may not be apparent from the initial data 
discovered in social media or news (. Fig. 6).

Social analytics work for the Ebola 
response in DRC was a good example of com-
plementary regional expertise and social lis-
tening technology providing crucial 
information and informing interventions. In 
2019 in Beni and Butembo we identified influ-
ential public Facebook pages administered by 
youth groups (La Lucha, Veranda Mutsanga, 
etc.). Via social listening tools, we extracted 
and categorized hundreds of mischaracteriza-
tions of the Ebola response, e.g.: Ebola is not 
real, Ebola is fabricated by the international 
public health response, Ebola is a tool to use 
against the Congolese people. Due to the mis-
information consistently found on these 
pages, Facebook removed the pages from its 
platform. However, our regional experts sub-
sequently confirmed that removing these 
pages did not significantly curb misinforma-
tion spread online (as a social media monitor-
ing analysis of public data would suggest). 
The influencers spreading this misinformation 
quickly migrated to private communication 
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       . Fig. 6 Social analytics is most effective with a com-
bination of  human and machine analytic techniques 
and when the process is implemented with a field team 

capable of  using the findings to target effective interven-
tions. (Authors)

channels, principally WhatsApp. These pri-
vate channels produced echo chambers that 
potentially drove deeper distrust of EVD 
response without an appropriate opportunity 
for public health voices to respond. Our 
awareness of the channels allowed us to advise 
the risk communications team that the beliefs 
were still being widely shared among the tar-
get population.

3  Applying Social Analytics 
During Epidemics

A social analytics system for epidemic pre-
paredness and response should be organized to 
directly support key public health and health 
research objectives. Frequently, this includes 
building trust, respect, and communication 
pathways between the international commu-
nity and local populations. Large international 
organizations operate more effectively in a 
country when the staff of these organizations is 
aware of local context and biases causing bar-
riers to access and when local populations 
understand the organizations to be working on 
behalf of at-risk populations rather than to 
exploit, abuse, or harm their communities. 
Thus, social analytics can also inform pre-mis-
sion preparedness training for staff. The objec-

tive is to identify likely barriers to success that 
can be detected in social conversations.

Information from social analytics has a 
myriad of uses for response actors and gov-
ernments. For SMC and GPP efforts, truly 
understanding societal attitudes, beliefs, and 
understandings enables course correction. It 
can sometimes detect and provide valuable 
insights into unintended consequences of 
response actions. The SMC teams in NIH 
research partnerships—PREVAIL in Liberia 
and PALM in the DRC—used social analytics 
to monitor the effectiveness of SMC and 
research response efforts and received real- 
time reports, enabling the SMC team to adjust 
their activities accordingly. The information 
provided a great deal of geographic commu-
nity specificity, helping to inform actions on a 
hyperlocal scale.

Social analytics has value beyond the 
research response, extending to other ele-
ments of emergency response. For example, in 
the weekly social analytics report for March 
9–15, 2019 from North Kivu, DRC, the team 
received the following information (. Fig. 7):

One essential use of social analytics is to 
provide for the safety of health staff, health-
care workers, and patients. Political, military, 
paramilitary, economic, and other non- 
healthcare events can sometimes lead to rapid 
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       . Fig. 7 A weekly social analytics report on events related to the Ebola response in the eastern DRC, September 
2019. (NIAID)

destabilization. In our work for both EVD 
and COVID-19 responses, we have seen exam-
ples (see below) where social analytics discov-
ered or validated indications of deteriorating 
safety conditions and provided this context 
rapidly to operations teams.

3.1  Liberia

We supported the clinical trial response to 
Liberia’s West Africa Ebola outbreak from 
October 2014 to March 2019. We provided 
feedback on how the public viewed clinical tri-
als in focus regions, helping to ensure there 
were enough willing participants in EVD 
studies based on more than 200,000 social 
data points from more than 50,000 unique 
sources online and through in-country field 
research. Our work supported the Partnership 

for Research on Vaccines and Infectious 
Diseases in Liberia (PREVAIL), described 
elsewhere in this book; specifically, we sup-
ported the risk communications and commu-
nity engagement pillar (Higgs et  al. 2017). 
Our assessment of the social landscape, the 
discovery of barriers to success, and 
 recommendations for action were all con-
ducted in close, near-daily coordination with 
the PREVAIL SMC.  This allowed the find-
ings from our social analytics work to trans-
late directly into SMC activities to improve 
outcomes for trial enrollment.

One example was when a local disc jockey 
(DJ) on Radio Kintoma falsely alleged that a 
news story about the United States Agency 
for International Development (USAID)-
supported research into the origin of Ebola in 
bats meant that a novel Ebola strain was 
returning to Liberia in August 2018. Because 
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of the responsive and integrated framework 
we had built with social analytics and the 
PREVAIL SMC team (which had relation-
ships with local government officials), the 
misinformation was quickly identified, and 
just three days later, Radio Kintoma hosted a 
Liberian health official from the national 
health ministry who corrected the record. 
This prevented a potentially damaging drop 
in enrollment in PREVAIL’s ongoing local 
research trials.

Also in 2018, we discovered rumors on 
Facebook that the John F.  Kennedy (JFK) 
Hospital in Monrovia was secretly harboring 
patients with new Ebola cases. Since 
PREVAIL was operating a clinic at JFK, this 
rumor had the potential to be extremely dis-
ruptive to clinical studies. We notified 
PREVAIL SMC within 24 hours of discover-
ing the rumor, and PREVAIL immediately set 
to work correcting the misinformation in rep-
utable local news sources and the community.

3.2  The Democratic Republic 
of the Congo

The 2018–2020 outbreak of EVD in the east-
ern DRC, designated the tenth DRC out-
break, claimed over 2000 lives. One of the 
primary obstacles to controlling it was long-
standing, deeply rooted mistrust of authori-
ties—including medical response 
personnel—on the part of the local communi-
ties most heavily affected (Stearns 2012; Wells 
et  al. 2019; WHO 2020). While there was 
progress in combating stubborn resistance to 
EVD response teams, misinformation and 
damaging rumors continued throughout the 
response. Large-scale EVD information cam-
paigns by the international community were 

undermined by misinformation in the media, 
which was accepted and amplified among 
trusted community members. Understanding 
where and how such rumors and misinforma-
tion originated was essential for community 
buy-in, especially at the fringes of an outbreak 
spreading into regions that did not have pre-
paredness or support systems (Spinney 2019).

In an unstable and often dangerous region, 
social analytics enhances the security of oper-
ations through near real-time collection of 
threats of violence, often signaled on local 
social media. This also allows for rapid assess-
ment of public opinion and media in regions 
that are either seeing their first EVD cases or 
are at risk of the disease in the immediate 
future.

Social analytics played a crucial role, for 
example, in understanding community mem-
bers who carried out two separate raids on 
morgues in Beni. On June 24, 2019, several 
young men removed the body of an EVD vic-
tim from a Beni morgue. The body was that of 
the brother of one of the group members, 
who believed response team members would 
harvest organs from the cadaver. Multiple 
members of the group came into contact with 
the body with no protective gear. This mes-
sage circulated on WhatsApp immediately fol-
lowing the event:

» We entered the morgue. There we had seen 
Florice. He was there. We transported him 
to the outside. We have seen it. It was 
already cut by the response agents [Author 
comment: this is likely false]. There were five 
dead in the morgue, but we managed to go 
out with Florice. But the forces of  the police 
and the army came to us, and we had to 
throw the body and run away. There are 
many of  our friends who are arrested. The 
innocents are arrested (since the morning, 
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including the young people who are sus-
pected to be the authors of  the fire of  the 
responders’ jeep). They fired live ammuni-
tion and tear gas. We were already in the 
street with the body, but we could not go so 
fast because we were only 5 people carrying 
the body. The other people had fled, and we 
had to disperse. I should have beaten this 
young responder who insisted that our 
friend be brought here to the morgue for the 
test. But he managed to escape and flee. 
Fools, they eat the money behind the dead. I 
know they have already cut off  Florice’s 
organs.

Have you ever seen a dead person bleed-
ing as was the case with Florice’s body? This 
proves that they had already cut off  the pri-
vate parts like the testicles. And his sex is 
gone. They cut him everything off  I assure 
you because it was I who opened this place 
(the body bag). Florice should not be aban-
doned like this. (saved by authors)

On September 9, 2019 another body was 
removed from a morgue by members of  two 
civil society groups in Beni. Though the 
individual had died in a skirmish, the body 
may have contained the Ebola virus, and 
those in contact with the body may have ini-
tiated a new close contact chain of  Ebola 
infection. Moreover, civil society groups 
then called for a 2-day cessation of  all busi-
ness in Beni, including the Ebola response, 
to draw attention to inadequate government 
security measures—meaning the violence 
had direct and indirect impacts on prevent-
ing the spread of  EVD.  Local civic groups 

essential for securing support for the Ebola 
response instead became roadblocks to suc-
cess, fueled by a potent mix of  disaffection 
and misinformation.

Communities in the DRC were often 
unwilling to allow EVD response units into 
their neighborhoods based on a lack of trust, 
fearing community members would be wrong-
fully taken to a treatment center and not 
return, whether they had Ebola or not, and 
unwilling to let their family members be kept 
in a morgue rather than buried according to 
their own traditions. Fear and mistrust led to 
response teams being attacked as they entered 
these communities and turned Ebola treat-
ment centers into symbolic, stationary targets 
for expressing local disapproval of the Ebola 
response’s presence. Treatment centers were 
often attacked (shot at or burned), though 
these acts usually did not come without warn-
ing. Social analytics tools applied at the time 
highlighted offline written letters posted in the 
community (retrieved by field team networks) 
threatening violence, as well as online threats 
and warnings posted in more private social 
media channels. This allowed adequate threat 
assessment and warning to be provided to 
operational teams so they could be better pre-
pared for potential violence.

Throughout the PALM study, the Social 
Analytics team provided weekly updates. 
Since the SMC team included the DRC 
Ministry of Health, the MOH representative 
could provide the information to the Incident 
Management Team. With permission from 
the DRC MOH the information was provided 
to the WHO (. Fig. 8).
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       . Fig. 8 Results of an opinion survey during the Ebola outbreak in eastern DRC. Public attitudes matter not only for 
vaccine uptake but also for assessment of the threat environment health care responders and researchers face. (NIAID)

4  Information and Misinformation 
Flow During Epidemics

4.1  COVID-19

As of 2023, the world appears to be slowly 
emerging from multiple waves of the COVID- 19 
pandemic. Sharp application of social analyt-
ics in this framework has been essential, espe-
cially considering the global scale of the at-risk 
population and the storm of misinformation, 
disinformation, and dangerous rumors that 
have characterized the pandemic. Obviously, 
hyper-local field teams for RCCE do not scale 
as well in this environment. Still, countless 
information campaigns operated locally bene-
fit from social analytics tools for their own 
intake and analysis of public narratives in 
regional media and social media to measure 
their impact on local perceptions.

As we examine misinformation concerning 
COVID-19, we see significant patterns 
informed by our previous work on EVD. The 
intensity of feeling is very strong, specifically 
concerning the numerous COVID-19 vaccines 
that have become available since 2021. The 
vaccine question is, therefore, of particular 
interest since we expect cultural patterns that 
developed and hardened for COVID-19 to 
endure and repeat themselves when effective 
but novel and misunderstood vaccines are 
approved for future disease response. Vaccine 
skepticism, already classified as one of the top 
ten global health threats by WHO in 2019, 
seems to be growing in the wake of COVID- 19 
and may even be imperiling routine childhood 
vaccinations (Hotez 2022; WHO 2019). The 
next section will examine some of these high-
level themes and detailed examples we have 
observed from misinformation concerning 
EVD and COVID-19.
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4.2  The Velocity of Misinformation

“Falsehood flies, and the Truth comes limp-
ing after it” (Swift 1710). In a rapidly spread-
ing outbreak, rumors and misinformation 
may be the only thing that outpaces the 
pathogen. The specifics of  exactly what nar-
ratives are circulating among certain sub-
groups in a given week are extremely volatile. 
The WHO has introduced the term “info-
demic,” meaning “too much information, 
including false or misleading information in 
digital and physical environments during a 
disease outbreak” (WHO 2022). We have seen 
information echo chambers, splintered chan-
nels of  communication, large and urgent 
information gaps, and other difficult situa-
tions (Briand et al. 2021). This is a key appli-
cation for social analytics.

Patterns and themes in rumors and misin-
formation during disease outbreaks reoccur 
and mutate but are largely predictable in some 
form. This chapter focuses on disease misin-
formation in Africa, but it is reasonable to 
expect overlap with these patterns and themes 
anywhere an epidemic occurs, and experience 
confirms the assumption. As a hurricane 
picks up strength from warm water and winds, 
misinformation draws on novel facts and 
events that draw public and media attention 
but becomes much more dangerous when it 
feeds into preexisting stories, narratives, and 
attitudes that live within a culture. These 
include mistrust of authorities and experts, 
skepticism about public health measures and 
vaccines, and tales of vast conspiracies under-
lying apparent events. Social analytics helps 
us better understand how misinformation 
arises and spreads from small communities to 
runaway “viral” dissemination. And like a 
hurricane, while the lifecycle of the misinfor-
mation may have some predictability corre-
lated to epidemiological and pharmacological 
lifecycles, the exact path is uncertain and can 
cause great damage in unexpected places.

From our work on EVD and COVID-19, 
we observe two umbrella themes of  misinfor-
mation, each with multiple mature subthemes, 
which we expect to persist long past the 

COVID-19 pandemic. We also observe two 
recurring behaviors of information flow that 
can be but are not necessarily misinformation 
but should be expected to occur during epi-
demics and cause damage. We will examine all 
four in detail.

4.2.1  Global North to Global South 
Tensions

The first umbrella theme is framed by the 
Global North exploiting the Global South. 
This narrative framework is grounded in 
numerous historical paradigms with enduring 
economic and political consequences, includ-
ing emotional overtones. It has its own vast 
literature (Young 2016), ranging from sober 
historical analysis and Nobel-prize-winning 
fiction to unhinged conspiracy theories. The 
misinformation gathering social currency 
within this theme frequently draws on sub-
texts like resisting corrupting influence from 
Europe, the United States, and multinational 
corporations or formerly colonized people 
asserting their power and value by rejecting 
patronage.

One example, from June 2020, is the 
U.S.  National Institutes of Health (NIH) 
partnership with the University of 
Witwatersrand in South Africa to conduct a 
randomly controlled trial (RCT) for COVID-
19 vaccine for patients with and without HIV 
(Madhi et  al. 2021). Numerous voices on 
social media from central and southern Africa 
expressed outrage that such trials were not 
being conducted in the United States or 
Europe. The common tagline was that the 
West was treating Africans as guinea pigs for 
“their” new disease that was not harming 
Africans as significantly. Another example is 
the ubiquity of Microsoft founder Bill Gates 
in rumors and conspiracy theories about the 
disease, although such rumors are hardly con-
fined to formerly colonized countries (Islam 
et  al. 2021). A fixture of misinformation, in 
Africa and elsewhere, is that Bill Gates has 
worked with pharmaceutical companies to 
include computerized microchips in vaccines 
to monitor and control individuals who 
receive it (Ugwu 2021).
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4.2.2  Traditional Beliefs 
and Cultural Stigma

The second umbrella theme arises when pub-
lic health recommendations create tension 
with or are counter to traditional beliefs or 
cultural practices within a local community. 
Instances of resistance to health advice on 
such grounds (either by global health workers 
or local community health officials) can often 
be hyper-localized to small regions or villages 
and spread worldwide as well. Social analytics 
can be a very effective tool in deconstructing 
and addressing these issues because of its 
capability to monitor large-scale data from 
different media (social media, news, field 
research) and use analytic techniques to sur-
face problematic developments.

Many of these traditional beliefs are 
rooted in religiosity. During the COVID-19 
pandemic, one of the most consistent retorts 
to public health guidance shared online has 
been comments (e.g., from Facebook users) 
that elevate faith in religion above scientific 
medical advice. A sample of characteristic 
comments on Facebook in reaction to a fac-
tual video about the Omicron variant from 
December 2021 includes: (1) “GOD 
ALMIGHTY is in CONTROL…” (2) 
“COVID 19 pandemic is a created problem, 
let us wake-up and involve our Almighty God 
to make it disappear.” (3) “We have God, who 
is bigger than your viruses, keep digging deep 
and finding names to scare us Our God is well 
able” (WHO AFRO 2021).

The “mark of the beast” is another consis-
tent anti-vaccine epithet with Christian New 
Testament origins (NRSV Rev. 13:11–18), 
that has remained widespread in community 
conversations during both the Ebola epidem-
ics and the COVID-19 pandemic. The mark 
of the beast, in the biblical text a visible brand 
signifying collaboration with evil, has been 
equated with having received a vaccine that is 
somehow satanic. This and related ideas have 
been prevalent for experimental EVD vac-
cines still in research trials and fully vetted 
COVID-19 vaccines that have completed clin-
ical trials (Exline et al. 2022).

Another major category of misinformation 
on COVID-19 is the purported existence of 
effective herbal remedies, such as COVID 
Organics. This herbal product has been pro-
duced, marketed, and sold by the President of 
Madagascar and has become a very popular 
(unproven) therapeutic. Countries across Africa 
ordered and supplied the herbal treatment to 
such an extent that the Africa Centres for Disease 
Control and Prevention (AfCDC) ran clinical 
trials on its efficacy (Koigi 2021). Incidentally, 
the remedy contains artemisinin, which, when 
used improperly, could increase resistance by the 
malaria parasite to this widely used and proven 
malaria countermeasure (Nordling 2020). 
Moreover, when a head of state markets an inef-
fective medicine, trust in authorities is likely to 
suffer over the longer term. Misinformation can 
have many repercussions (. Fig. 9).

       . Fig. 9 Step right up, get your COVID oil! (Photo: 
Garreth Brown)
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4.2.3  External Content Resonating 
Locally

A characteristic of viral misinformation reso-
nating with local populations in Africa during 
the COVID-19 pandemic was the sharing of 
content generated elsewhere, particularly in 
the media-rich Global North. Social analytics 
can be extremely useful for anticipating this 
content as well. While global health opera-
tions are necessarily organized geographically 
for response, they can miss massive viral sto-
ries originating outside their area of responsi-
bility. Social analytics can detect these stories, 
measure their global virality, and prepare epi-
demic response teams to prevent or respond 
to any local belief  or behavior change the con-
tent may influence. This pattern was not as 
relevant during EVD outbreaks, as the disease 
had very little direct impact in most of the 
world and therefore did not generate as much 
misinformation outside of Africa. However, it 
was far from absent in the United States 
(Evans et al. 2016).

A recent example is the discussion of the 
therapeutic hydroxychloroquine. Several 
small clinical trials, in most cases not random-
ized, suggested that hydroxychloroquine had 
benefits for COVID-19 patients. Larger, 
better- designed trials found no significant effi-
cacy. Several leaders in the Global North nev-
ertheless promoted hydroxychloroquine, 
leading to widespread off-label use. The mas-
sive resources and media infrastructure of the 
Global North, combined with widespread 
mistrust of authorities by many in the popula-
tion, make it fertile ground for popular rumors 
and misinformation that are subsequently 
spread by target populations globally, includ-
ing in Africa (Equere 2020; Lee et al. 2021).

4.2.4  Lack of Information, Context, 
and Understanding

Another social behavioral pattern is how the 
lack of critical information and understand-
ing damages relations between at-risk popula-
tions and health providers. One might assume 
social analytics is not well equipped to make 
these observations, which may be true in some 
cases. With good social analytics practice, 

though, it can sometimes be obvious when 
two groups of people who should have aligned 
incentives for epidemic management are talk-
ing about wildly different priorities, with each 
group making assumptions about the other 
that are simply not true.

A frequent example of this pattern is that 
global health workers, who are intently 
focused on mitigating a specific health risk in 
a community, such as Ebola, may overesti-
mate the level of concern a local population 
has for that specific disease risk in comparison 
to other concerns (e.g., other diseases, pov-
erty, physical safety, etc.). Social analytics can 
play a crucial role in eliciting such informa-
tion via informed listening to local communi-
ties. Sometimes, this data can be misinterpreted 
to suggest that the target population is simply 
unaware of certain desirable health advice, 
but the strategic design of social data gather-
ing can provide insight that the population 
does know key facts (e.g., COVID-19 vaccines 
are safe and effective) but have chosen to pri-
oritize other needs.

In the previous section, we discussed how 
these mismatched perceptions manifested 
themselves in a chaotic, high-risk security situ-
ation in the DRC. There was a strong percep-
tion in the early stages that the response to the 
EVD outbreak in the DRC was disproportion-
ate given the many other hardships in the 
region. Casualties at the hands of local rebel 
factions or DRC security forces in the north-
eastern DRC region where the 2018–2020 
Ebola outbreak was centered were viewed as a 
matter for the DRC government and United 
Nations (UN) peacekeepers but largely ignored 
otherwise (MacLean 2017). Well- funded EVD 
response teams would test for new cases and 
hire security protection for treatment facilities 
while leaving citizens in harm’s way, leading to 
quickly developed anger and resentment 
toward the Ebola response, a disease about 
which many in the region had little or no real 
understanding. In fact, a 2019 measles out-
break in the DRC killed more than twice as 
many people as died of Ebola, while interna-
tional attention remained focused on the latter 
(Nachega et al. 2020).

497
18.2 In Practice: Adapting Social Analytics for Research Response



 

5  Conclusion

How can we counter damaging misinforma-
tion and rumors during health emergencies, 
given they are constantly changing and vary 
among populations and communities? Real- 
time, community-specific, frequently updated 
information is invaluable for research 
response and overall emergency response. 
During the age of  rapid misinformation and 
intentional disinformation, the value of 
social analytics in health is critical and 
expanding. Social analytics offers a versatile 
tool in places with little understanding or 
acceptance of  measures to prevent and 
respond to disease. It can rapidly identify and 
assess misinformation, rumors, and obstacles 
to response.

Tailored analysis of current, high- 
resolution data helps responders tailor mes-
saging and other interventions. Where 
unbiased reports are scarce, and misinforma-
tion is rampant, applying these lessons can 
make a real difference.

? Discussion Questions
 1. The benefits and operational utility of 

social analytics techniques to evaluate 
the social characteristics of  communi-
ties at risk enabled the authors to sup-
port the NIAID EVD research 
response in Liberia and the eastern 
DRC. In this context,
 (a) Define social analytics in terms of 

its holistic approach to available 
social data.

 (b) Discuss the mechanics of  effective 
social analytics.

 (c) What is the key capability of  any 
social analytics system?

 (d) Why must social media data be 
interpreted cautiously?

 (e) Under what circumstances may 
social analytics fall flat?

 2. One essential application of  social ana-
lytics is to monitor potential threats to 
the safety of  research staff, healthcare 
workers, and patients. When did social 
analytics discover, validate, and rapidly 
communicate signs of  deteriorating 

safety conditions to operations teams in 
Liberia and the DRC?

 3. Effective social analytics for outbreak 
preparedness begins with understand-
ing and accounting for predictable ele-
ments within the social context of 
disease outbreaks. When using social 
analytics to compare the flow of  infor-
mation, misinformation, and disinfor-
mation during EVD epidemics and the 
COVID-19 pandemic, the authors 
observed the emergence of  certain pre-
dictable, harmful patterns: umbrella 
themes of  misinformation and recur-
ring behaviors of information flow. 
Discuss an example of  each.
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 The stages, outcomes, and potential modifi-
cation of the natural history of an infec-
tious disease in patients

 5 The importance of understanding the natu-
ral history

 5 The intrinsic determinants of the natural 
history

 5 Common obstacles to conducting natural 
history studies in outbreaks

 5 Strategies to improve the natural history 
research response in outbreaks

1  Introduction

When a novel or reemerging pathogen begins 
to infect large numbers of people in a short 
period, a concerted emergency research 
response is required. Preclinical and clinical 
research to characterize and understand the 
natural history of a disease and its determi-
nants is critical for improving patient care and 
outcomes, including through the development 
of medical countermeasures (MCMs). For 
example, HIV/AIDS almost inevitably 
resulted in disability and death for many years 
after the first clinical descriptions (CDC 1981, 
1982; Fauci and Lane 2020; Lundgren et  al. 
2023). After an inexcusably slow start in the 
eyes of many patients, HIV/AIDS ultimately 
motivated collaborative, well- resourced 
research attention to understand the natural 
history in a broad global effort (Fauci 2021) 
that led to effective therapeutics. Persons 
infected with HIV/AIDS now generally enjoy 
a high quality of life for a near-normal span, 
provided they receive timely diagnosis and 
standard treatment. This represents a remark-
able redirection of the natural history of an 
infectious disease once correctly seen as a 
death sentence.

Four decades later, but far more rapidly, 
the natural history of COVID-19 after SARS- 
CoV- 2 infection has arguably received more 
clinical, research, and public health attention 
than any infectious disease in history. Well- 
resourced research at unprecedented scale, 

pace, and high level of resolution has made it 
possible relatively quickly to provide better 
care and improve clinical outcomes. A detailed 
understanding of the natural history of the 
human-SARS-CoV-2 interaction has been 
essential to the accelerated development of 
preventive and therapeutic countermeasures.

Until the COVID-19 pandemic response 
made it plain, the need to integrate research 
into infectious disease emergency response 
was slow to win broad acceptance, even as the 
scientific tools facilitating an accelerated 
research response were becoming increasingly 
powerful and available. Similar efforts were 
not normative in the past; with few excep-
tions, understanding and reporting the natu-
ral history of clinical disease caused by novel 
or new-variant pathogens lagged behind pub-
lic health response and other research efforts. 
An absent, incomplete, or at best low-resolu-
tion picture of the natural history of clinical 
disease in humans has historically been the 
rule for most emerging or reemerging infec-
tious diseases. We focus in this chapter on gen-
eral principles important to understanding 
and reporting natural history to improve 
patient outcomes, illustrating these using pro-
totypic examples of infectious diseases that 
have posed historical and may pose future 
challenges.

2  Framework

2.1  Defining Terms: The Natural 
History of an Infectious 
Disease

As articulated by the U.S. Food and Drug 
Administration (FDA), natural history refers 
to the “course a disease takes in the absence of 
intervention in individuals with the disease, 
from the disease’s onset until either the dis-
ease’s resolution or the individual’s death” 
(FDA/CDER 2019). Another description adds 
detail: the “natural course of a disease from 
the time immediately prior to its inception, 
progressing through its pre-symptomatic phase 
and different clinical stages to the point where 
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it has ended and the patient is either cured, 
chronically disabled, or dead without external 
intervention” (de la Paz et  al. 2010; Jewell 
2016). Although typically emphasized in the 
study of cancer and rare genetic diseases, fun-
damental concepts of the natural history are 
crucial to consider in understanding and treat-
ing diseases caused by infectious pathogens.

A distinguishing feature of the natural his-
tory of an infectious disease is that it emerges 
from an evolving host–pathogen interaction, 
including an exposure that leads to an infec-
tion (acute or persistent); the onset of a dis-
ease syndrome (acute or chronic); and 
outcomes traditionally captured at either indi-
vidual (as disability, dysfunction, or death); or 
population levels (as morbidity or mortality). 
We consider these stages in greater depth 
below, focusing on the clinical bedside and 
patient outcomes, the importance of under-
standing the natural history, factors determin-
ing the natural history, and how the natural 
history is optimally captured, understood, 
and reported to improve clinical outcomes.

2.2  Context: Infectious Disease 
Outbreaks

Effectively understanding and reporting dis-
ease natural history presents particular chal-
lenges for patients, clinicians, and researchers 
in infectious disease outbreaks.1 This chapter 
focuses on understanding and reporting natu-
ral history in the context of historic, current, 

1 There is no bright line distinction between ongoing 
infectious disease burdens and outbreak emergen-
cies, which can arise because of  a new genetic vari-
ant rather than a new pathogen, particularly in the 
era of  antimicrobial resistance. For example, the 
ancient global burden of  tuberculosis (TB) has in 
recent years produced an extensively drug-resistant 
strain considered a global health emergency requir-
ing urgent action (CDC 2007; Gandhi et  al. 2006; 
Raviglione and Smith 2007). Outbreaks of  artemis-
inin-resistant malaria in southeast Asia and Africa 
(Ashley et al. 2014; Balikagala et al. 2021; Dondorp 
et al. 2009; Raviglione and Smith 2007) or the threat 
of  other antibiotic-resistant bacterial pathogens 
also elide the distinction (Laxminarayan 2022; Mur-
ray et al. 2022).

and future infectious disease outbreaks of epi-
demic and pandemic potential, i.e., the infec-
tious diseases that have given rise to Public 
Health Emergencies of International Concern 
(PHEIC) since the International Health 
Regulations were revised in 2005 (WHO 2016) 
and those considered high risk for future 
emergencies. Past is prologue, and the research 
measures that have been most effective should 
carry forward into response to future out-
breaks, with improvements made possible by 
scientific and technological advances and 
organizational refinements (Simpson et  al. 
2020; Van Kerkhove et al. 2021). For example, 
virus families of concern are included in the 
prototype pathogen approach (7 Chap. 12) 
(Cassetti et al. 2022; Ford et al. 2023). A few 
selected examples—COVID-19, Ebola virus 
disease, Lassa fever, and mpox—will be 
explored here in more depth, with reference to 
other infectious diseases where relevant.

2.3  Target: Patient-Centered Care

The interplay between the natural history of 
the individual’s health and public or commu-
nity health cannot be disentangled, especially 
in infectious disease outbreaks. Though per-
spectives on the relative primacy of the indi-
vidual or the community vary dramatically 
among cultures, we focus here primarily on 
how an infectious disease evolves in individual 
patients. In the clinical and clinical research 
setting, natural history may be best character-
ized at the level of resolution of the individual 
patient (or larger groups of individual 
patients) as disease manifests, evolves, and is 
modulated. There is much to be said about 
how an infectious disease outbreak evolves at 
population and community levels, but these 
themes are covered elsewhere (7 Chaps. 21  
and 26, In Focus 21.1).

2.4  Approach: Principles 
and Practice

In considering the importance of understand-
ing and reporting the natural history of an 
infectious disease with the goal of improving 
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care for patients, each section will first con-
sider general principles broadly applicable 
across diseases and outbreaks, while recogniz-
ing that each infection, disease, and outbreak 
setting is unique. More concrete examples will 
follow, drawing predominantly from a few 
exemplary infectious diseases (COVID-19, 
Ebola virus disease [EVD], Lassa fever, and 
mpox). Practical examples may highlight 
disease- specific successes, but more often than 
not illustrate knowledge gaps, cautionary 
notes related to current uncertainty, research 
attention needed to remedy uncertainty, and 
suggested strategies to address these gaps in 
the future.

3  Stages of the Natural History 
and Outcomes in Outbreaks

3.1  Overview: Through the Lens 
of the Host–Pathogen–Care 
Interaction

The clinician working in emergency outbreak 
response usually interacts with patients pre-
sumed to be ill with the disease of concern, 
either presenting for care or having received 
some initial care. The provision of even the 
most basic clinical care is by definition an 
“intervention.” Despite the natural history 
definitions above, observation absent any 
medical intervention would be unethical in 
human clinical care or research (unlike animal 
modeling). We will consider the natural his-
tory and its outcomes through the host–patho-
gen–care framework, focusing specifically on 
medical aspects of clinical care. Effective redi-
rection of the natural history requires consid-
eration of the features of the host–pathogen 
interaction that determine infection, disease, 
and the outcomes of that disease in an infected 
individual. General considerations applicable 
to most infectious diseases will be illuminated 
by pathogen- and disease-specific examples.

As seen in . Fig.  1, the natural history 
can be considered in stages, beginning with an 
exposure (1A) of a human host to a virus that 
may lead to an infection. An infection may 

cause (1B) symptoms or signs of disease that 
vary across a spectrum of severity; those with 
significant disease are more likely to come to 
medical attention and receive clinical care 
(1C), eventually leading to immediate (acute) 
and longer-term outcomes (1D). 
Understanding the determinants of outcomes 
requires consideration of features intrinsic to 
the host, the virus, and the exposure. The 
interplay between these antecedents deter-
mines emergent features of the natural his-
tory. For example, peak viral load or viral 
load at admission, often among the strongest 
predictors of outcome, is not determined 
solely by the virus, the host, or the exposure, 
but emerges from their complex interaction, 
which in turn reflects increasingly complex 
interactions at multiple levels between a 
pathogen and human physiological systems, 
organs, tissues, cells, and so on. This host–
pathogen–care heuristic will anchor much of 
the subsequent discussion which focuses on 
the clinical bedside and outcomes. Later sec-
tions consider how intrinsic host, virus, and 
exposure characteristics might determine the 
natural history.

3.1.1  Distinguishing Between 
Infection and Disease

As defined epidemiologically (as distinguished 
from a molecular virological definition), 
“pathogenicity” describes the proportion of 
infected persons who develop signs or symp-
toms, while “virulence” refers to the propor-
tion who develop severe disease or death 
(CDC 2012). Characterization of the natural 
history is most important in hospitalized 
patients, who are at risk for the worst out-
comes, and on whom we focus in 7 Sect. 3.2. 
However, it is important to recognize the dis-
ease spectrum after most viral infections 
includes subclinical or mild disease in many if  
not most cases: failure to recognize this might 
impact the clinician or clinical researcher’s 
analysis of risk-benefit in decision making 
and research study design. For most viral 
infections, the longer-term natural history in 
infected patients with asymptomatic or only 
mild disease is unclear, but might reasonably 
be assumed to be less consequential. Whether 
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       . Fig. 1 Stages of  the natural history and outcomes. (Author, artwork by Jiro Wada)

the same is true for the public-health risks 
associated with asymptomatic or subclinical 
infection, namely, viral persistence that could 
cause new outbreaks, most likely depends on 
the specific viral infection.

3.1.2  Practice: Distinction Between 
the Infection Fatality Rate 
(IFR) and the Case Fatality 
Rate (CFR)

The COVID-19 pandemic has demonstrated 
the importance of distinguishing between 
outcomes in all those infected vs. those who 

come to medical attention. With rare 
 exceptions, this holds true for almost all viral 
pathogens. It has long been recognized, for 
example, that most serologically confirmed 
infections with Lassa virus (LASV) do not 
cause clinical disease, producing a very low 
IFR.  Hospitalization with confirmed Lassa 
fever, by contrast, is associated with CFRs 
>20 to 50% (Buba et  al. 2018; Grant et  al. 
2023; Okokhere et  al. 2018). Some of these 
distinctions have only become apparent when 
large outbreaks prompted careful research 
into the infection vs. disease spectrum. For 
example, the CFR of Ebola virus disease 
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(EVD) was presumed for many years to be 
>70 to 80% and to approximate the IFR. Since 
the first identification of EVD in 1976, the 
CFRs from the few larger outbreaks (of >100 
patients) corroborated this assumption (Jacob 
et al. 2020). More recent outcomes from much 
larger outbreaks in West Africa (2014–2016) 
suggest a lower overall CFR even in the 
absence of virus- specific therapeutics (Rojek 
et al. 2019), and a wider spectrum of disease 
that includes individuals who were exposed 
and infected but did not develop, recognize, or 
recall clinical symptoms (Gayedyu-Dennis 
et al. 2023; Glynn et al. 2017; Kelly et al. 2022; 
Timothy et al. 2019).

3.2  The Clinical Bedside 
and the Evolving Natural 
History

3.2.1  Overview
For obvious reasons, understanding the natu-
ral history of disease in the hospitalized 
patient is paramount: disease outcomes are 
typically modified here as the host–pathogen–
care interaction evolves. In that regard, effec-
tive clinical management redirects the natural 
history of an infectious disease on three fronts 
(. Fig. 1c):
 1. Safe and effective pathogen- targeted thera-

peutic intervention (e.g., antiviral thera-
peutics)

 2. Safe and effective disease- modifying thera-
peutic intervention (e.g., immunomodula-
tors)

 3. Provision of appropriate supportive care 
(e.g., intravenous fluids, organ support) 
across a spectrum of disease severity

The importance of a clear understanding of 
the natural history to inform tactics on each 
front will be further explored after outlining 
key principles that include several cautions. 
Inadequate characterization of the natural 
history is the rule early in infectious disease 
outbreaks and is inescapable with a novel 
pathogen. Timely capture and reporting of 
early clinical signals are crucial to urgently 

informing patient care, optimizing standards 
of supportive care (7 Chap. 20), and setting 
the stage for well-designed, well-conducted 
clinical trials to identify safe and effective 
medical countermeasures (MCMs). Accurate 
natural history begins to resolve key research 
questions to be answered in clinical trials:

 5 Is a specific intervention safe and effective?
 5 For which patient population?
 5 At what stage of infection or disease?
 5 At which dose and by which route?
 5 In which clinical setting?

3.2.2  Capturing Natural History 
Data at the Clinical Beside

After diagnosis, characterization of clinical 
disease should routinely capture:

 5 Host demographics
 5 Medical history (including clinical symp-

toms of presenting illness, antecedent 
treatment, and targeted review of systems; 
exposures; comorbid conditions; chronic 
medications; and vaccination history)

 5 Clinical signs (including vital signs; rele-
vant physical examination, including the 
presence of intravenous access)

 5 Clinical laboratory features (especially of 
organ dysfunction or disease-related com-
plications)

 5 Viral load (in blood and other relevant 
diagnostic samples)

 5 Clinical or postmortem pathology when 
available

Additional technical capacity, when available, 
captures more data, often at higher resolu-
tion. Electrocardiography and medical imag-
ing, for example, can be very useful but have 
typically not been available during most out-
breaks.

In addition to descriptive characterization 
of the presenting illness, investigation should 
also follow disease evolution over time and in 
response to intervention. Especially with the 
severe disease seen in outbreaks that become 
emergencies, a single snapshot at the clinical 
bedside cannot reliably predict disease course 
or outcomes. Indeed, accurately describing 
the natural history requires effectively map-
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ping dynamic interactions between the patho-
gen (load, location) and the host (response, 
damage), with the goal of illuminating how 
the interactions determine outcomes and if, 
how, and when the disease trajectory may be 
redirected. As observations accrue, clinicians 
and researchers are increasingly able to delin-
eate key phases of disease expression to 
inform therapeutic intervention.

3.2.3  Caution: Beware 
of Assumptions

Predictors of outcome may exist for diseases 
caused by some of these pathogens, but their 
reliability is often uncertain. Knowledge is 
often very limited; even in the rare cases when 
a relatively thorough understanding of the 
natural history is available, outcome predic-
tors generated in under-resourced clinical set-
tings may not be predictive in others. For 
example, the delivery of advanced supportive 
care, including extracorporeal support, to 
critically ill patients with Ebola virus disease 
had been considered by some clinicians to be 
futile prior to 2014. Albeit in a limited num-
ber of patients, the delivery of advanced care 
provided proof-of- principle that the natural 
history of EVD could be redirected even in 
patients with extremely high viral loads and 
multisystem organ failure (see 7 Sect. 3.2.5) 
(Uyeki et al. 2016b).

3.2.4  Caution: Beware of 
Magic-Bullet Thinking

Clinical and research attention in outbreak 
settings has historically focused first on 
pathogen- specific interventions; more recent 
attention during the COVID-19 pandemic has 
also focused on host-directed disease-modify-
ing therapies, e.g., immunomodulatory 
approaches. At times historically, supportive 
care efforts have lagged, and have often been 
under-emphasized during infectious disease 
outbreaks. Disease-specific therapeutics may 
be critical to success at the bedside, but are 
not “magic bullets” that can be uncoupled 
from effective supportive care as part of a 
complete bundle of optimized standard of 
care (SOC). With optimized SOC, all available 
strategies are deployed to prevent or mitigate 

clinical symptoms and signs, organ dysfunc-
tion and damage, severe disease and death, 
and clinical sequelae and pathogen persis-
tence in survivors. Effective use of available 
treatment strategies depends on efficient 
understanding and reporting of the natural 
history and rapid dissemination of findings. 
Increasingly, “living” clinical care guidelines 
(7 Chap. 20) that are regularly updated as the 
evidence base evolves provide clinicians in 
outbreak settings with near real-time access to 
the most current standard of care (SOC) rec-
ommendations.

3.2.5  Caution: Beware of Clinical 
Operational Gaps

Understanding the natural history and redi-
recting it effectively are resource-intensive 
endeavors, whether one relies on pathogen- 
directed interventions, disease-modifying 
interventions, or optimized SOC. Many clini-
cal operational challenges arise in outbreak 
settings, including shortages of requisite med-
ical staff, infrastructure, supplies, systems, 
and security. Renewed motivation and capac-
ity improvements to provide more advanced 
clinical care and clinical research support in 
resource-limited outbreak settings have been 
increasingly evident in recent years, and fur-
ther efforts are under active discussion at both 
national and international levels (GPMB 
2023; WHO 2022a, b). Nevertheless, chal-
lenges intrinsic to under-resourced settings 
are likely to hinder optimal SOC and clinical 
research for years to come. Even in well-
resourced settings, inadequate understanding 
of the natural history of a novel infectious 
disease, as in the early phase of the COVID-
19 pandemic response, can lead to suboptimal 
clinical care, flawed research study design, and 
unintended harm to patients.

3.2.6  Practice: The Evolving Role 
of Optimized SOC in EVD

Over many decades after Ebola virus was first 
identified in 1976, typical clinical care pro-
vided in “Ebola isolation units” consisted 
only of the most basic case management. 
Patients received limited supportive care tar-
geting the relief  of symptoms (fever, pain), the 
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prevention and treatment of dehydration 
(usually oral), and basic empiric treatment of 
possible bacterial or malarial coinfections. 
Delivery of even this minimal bundle of sup-
portive care was constrained by lack of well- 
trained staff  and supplies, suboptimal care 
environments, and uncertainty about protect-
ing caregivers from infection; even the use of 
intravenous fluid replacement was considered 
controversial. Clinical laboratory testing was 
often unavailable near treatment units. 
Recognition of the need to improve care, 
especially in the face of consistently high case 
fatality, led to calls from the community to 
refocus on the clinical bedside and patient 
(Bausch et al. 2007).

Early in the historically largest West Africa 
EVD outbreak (2014–2016), calls to improve 
supportive care continued, but progress was 
limited by frequent resource-mission mis-
matches as unprepared healthcare facilities 
and rapidly erected treatment units were over-
whelmed in a rapidly expanding outbreak. 
During the outbreak, a small number of EVD 
patients were cared for in well-resourced 
healthcare settings in the United States and 
Europe. Based on these few observations, the 
delivery of advanced supportive care that 
included extracorporeal organ support pro-
vided an important proof-of-principle that 
optimal SOC could be provided safely and 
effectively to critically ill EVD patients (Uyeki 
et al. 2016b). These observations also enabled 
the first high-resolution descriptions of multi- 
system organ dysfunction and “critical illness 
phenotypes” in EVD. The asymmetry in care 
provided and outcomes led to renewed empha-
sis on the need to develop the evidence base 
and improve delivery of optimal SOC in 
African settings (Lamontagne et  al. 2018). 
Though efforts continued to be limited by 
resource constraints, exemplary fit-for-pur-
pose EVD treatment units were able to pro-
vide advanced SOC to infected healthcare 
workers in West Africa by the end of the out-
break (Dickson et al. 2018).

Building on these initial steps, the delivery 
of optimal SOC took a major step forward 
during the 2018–2020 EVD outbreak in the 
eastern Democratic Republic of Congo. 
Significant advances during this outbreak that 

have become standard of care included key 
components:

 5 Novel care structures optimized to provide 
safe and effective patient-centered care 
and improve communications between 
providers, patients, and families (7 In 
Practice 40.1)

 5 Near-treatment unit diagnostic clinical 
laboratories using standard testing plat-
forms

 5 Specific guidelines for standardizing opti-
mal SOC in EVD that were rapidly devel-
oped, distributed, and trained during the 
outbreak (WHO 2019)

 5 Provision of well-trained staff, including 
in key specialty areas

 5 Procurement of requisite supplies to oper-
ationalize optimal SOC

The commitment to provide this capacity and 
facilitate the standard delivery of improved 
SOC was evident throughout this outbreak 
(Fischer et  al. 2019). Importantly, these 
advances also enabled optimal SOC as part of 
the PALM RCT that led to the first regulatory 
approval of two effective Ebola virus-specific 
therapeutics (7 In Practice 17.1, 23.1, and 
40.1) (Mulangu et al. 2019).

A continued commitment to maintain and 
improve these standards will be crucial to 
improve EVD outcomes in the future, partic-
ularly in patients with high viral loads and 
multi-system organ dysfunction, in whom 
case fatality remains high despite the receipt 
of effective, pathogen-specific therapeutics. 
For example, the presence of acute kidney 
injury (AKI) predicts poorer outcomes even 
in EVD patients receiving effective therapeu-
tics (Mulangu et al. 2019). Efforts to optimize 
prevention and management will require a 
more detailed understanding of the clinical 
presentation, evolution, risk factors, and 
pathogenesis of  AKI in EVD.  Building on 
prior lessons learned from the care of severely 
ill patients in the United States and Europe, 
characterizing the natural history of differing 
critical illness phenotypes in African patients 
will be crucial to future success. As illustrated 
in . Fig. 2, current SOC guidelines for EVD 
focus on a number of key features of illness 
and clinical management. Each of these areas 
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       . Fig. 2 Advancing optimized standard of  care for Ebola virus disease: key focus areas. (Author)

reflects key focus areas for further clinical 
research to understand the natural history of 
EVD.

3.3  Outcomes of the Natural 
History

Accurately describing and reporting out-
comes is crucial for clinicians and clinical 
researchers alike (. Fig.  1, 1d). Indeed, the 
optimal design of clinical studies to identify 
safe and effective interventions requires defin-
ing appropriate candidate interventions with 
clinical benefit, namely improving how a 
patient “feels, functions, or survives” (FDA 
2020). Clinical outcomes may be clinician-
reported, patient- reported, non-clinician 
observer-reported, or based on a performance 
assessment. Assessing both acute and longer-
term clinical outcomes is important, as is eval-
uating viral clearance or persistence.

3.3.1  Acute Clinical and Virologic 
Outcomes

Historically, the outcomes reported from the 
clinical bedside in outbreak emergencies have 
often been limited to death or survival. 

Caution is needed in extrapolation or com-
parison of historical or current outbreak case 
fatality ratios to individual outcomes. Each 
viral disease comes to be associated with an 
epidemiologically observed case fatality ratio 
(CFR); over time and multiple outbreaks, 
average CFRs are assumed to provide a good 
indicator for natural history. However, early 
in outbreaks, the proportion of poor out-
comes may seem high, since severe or fatal 
cases are usually the first to bring a new or 
re- emerging viral pathogen to attention. These 
early signals thus tend to exaggerate the sever-
ity of the disease based on a subset of the 
most severe cases. Furthermore, overall out-
break CFRs include all outbreak cases, many 
of whom may have died in the community 
rather seeking care at a treatment center.

In addition, accurate understanding of 
natural history requires characterization of 
the entire spectrum of clinical outcomes, 
ranging from full health and well-being to 
long-term disability or death, along with 
observed and laboratory-measured indica-
tions. Even in patients who fully recover, the 
individual and public health risks of viral per-
sistence argue for investigation and documen-
tation of pathogen clearance.
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3.3.2  Post-acute Clinical 
and Virologic Outcomes

The potential for acute severe viral infections 
to leave survivors with fixed (non-evolving) or 
ongoing (evolving) clinical sequelae has been 
long recognized, perhaps most famously in 
the encephalitis lethargica syndromes 
described after the 1918 influenza pandemic 
(Berger and Vilensky 2014). Given the emer-
gency response required in infectious disease 
outbreaks, often in challenging and under- 
resourced settings, and the difficulty in follow-
ing large numbers of survivors, it is perhaps 
not surprising that post-acute clinical sequelae 
of these diseases have not received a great deal 
of clinical or research attention until recently. 
Renewed interest was provoked by follow-up 
of survivors of the 2014–2016 West Africa 
EVD outbreak (see 7 Sect. 3.3.3), and more 
recently by “long COVID,” or post- acute 
sequelae of COVID-19 (PASC). Determining 
the causes of post-acute sequelae can be chal-
lenging. They may be a generic consequence 
of severe and prolonged critical illness, as in 
the increasingly recognized “post-intensive 
care syndrome” (Nakanishi et al. 2021; Quinn 
et al. 2023). They may be specific to the viral 
infection and disease of interest. Further con-
siderations include defining whether sequelae 
are a fixed consequence of organ dysfunction/
damage that occurred during acute illness or 
represent an evolving pathobiologic process—
either ongoing infection and/or host immuno-
pathology in the presence or absence of the 
pathogen. Understanding the natural history 
and longer-term outcomes accurately likely 
requires prospective, longitudinal, and well-
controlled observational cohorts of survivors.

Recent decades have highlighted the 
potential for viruses, even those once pre-
sumed to cause only acute infections, to per-
sist in tissues or bodily fluids considered to be 
“immune-privileged”. It is heuristically useful 
to consider viral persistence in terms of con-
sequences for individual and for public health. 
As illustrated below for EVD survivors, viral 
persistence poses risks for the individual 
patient, including recrudescent organ-specific 
inflammatory syndromes and potential 
“relapse” of systemic disease that may be clin-

ically indistinguishable from the primary 
acute infection syndrome. Persistent virus or 
viral antigens may also contribute to nonspe-
cific post-acute symptoms and signs (e.g., 
fatigue, arthralgia, and myalgia) or systemic 
inflammatory syndromes in survivors. Viral 
persistence may also pose a risk to public 
health, potentially reigniting human transmis-
sion months or even years after an outbreak 
has ended. For almost all the pathogens under 
discussion, the host–virus determinants of 
persistence and these individual or public 
health consequences remain underdeter-
mined. Viral clearance from blood and other 
bodily fluids during and after acute infection 
has become an important virologic outcome, 
even in clinically recovered patients.

3.3.3  Practice: Clinical Sequelae 
and Viral Persistence in EVD 
Survivors

Though long-lasting effects of EVD had been 
infrequently described since 1976, usually 
from patient self-report, no controlled obser-
vational studies had been published prior to 
the West Africa outbreak. In its aftermath, 
case reports and series initially called atten-
tion to the need to understand the natural his-
tory in EVD survivors in order to address 
their urgent care needs, and potentially to pro-
tect public health. Rapidly assembled small 
observational cohorts of EVD survivors con-
tributed to a growing understanding, but con-
clusions from these studies were often limited 
by the absence of physical examination and 
clinical laboratory findings. An array of clini-
cal symptoms and signs have been noted in 
case reports, case series, and observational 
studies that (at minimum) included physical 
examination (see . Fig. 2).

However, these data generally came from 
studies that did not include closely matched 
control groups, which are critical to determine 
whether particular sequelae are truly associ-
ated with EVD. Highlighted in . Fig.  2 are 
the clinical features that were significantly dif-
ferent between EVD survivors and a group of 
close contact controls at 1 year of the 5-year 
PREVAIL III longitudinal natural history 
study of EVD survivors (Sneller et al. 2019). 
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Notably, only two of these post-acute clinical 
syndromes (red dots in . Fig.  3) have been 
associated with Ebola virus (EBOV) persis-
tence. This result highlights the need to con-
sider both clinical and virologic outcomes and 
their rare but potential overlap.

Before the West Africa EVD outbreak, 
very limited data suggested that EBOV or 
EBOV RNA could persist in survivors, but 
individual or public health consequences had 
not been shown (Thorson et  al. 2016). It 
became clear during and after that outbreak 
that EBOV persistence in immune-privileged 
tissues and/or bodily fluids had consequences 
for both the individual survivor and public 
health (. Fig.  4). Emerging data indicated 
the longer-term persistence of EBOV RNA 
and in some studies infectious EBOV in the 
semen of male EVD survivors (Barnes et al. 
2017; Deen et  al. 2017; Diallo et  al. 2016; 
Fischer et  al. 2017; Sissoko et  al. 2017a; 
Sneller et al. 2019; Subtil et al. 2017; Thorson 
et  al. 2021; Uyeki et  al. 2016a) (. Fig.  4a). 
Viral persistence in semen was further associ-
ated with rare instances of sexual transmis-
sion that resulted in ongoing transmission 
(Diallo et  al. 2016; Mate et  al. 2015). Case 
reports of maternal-fetal transmission in 
pregnant EVD survivors, after resolution of 
acute EVD or absent previously recognized 
EBOV infection, signaled a similar public 
health risk, albeit a rare one (Bower et  al. 
2016) (. Fig. 4b). Finally, the relative risk of 
maternal-infant transmission of EBOV via 
breastmilk remains undetermined, but has 
been strongly suspected to lead to fatal EVD 
in at least one infant (. Fig.  4c) (Sissoko 
et  al. 2017b). Notably, in several of these 
reports, the mother was not known to have 
been infected with EBOV, presumably having 
survived an unrecognized, mild, or subclinical 
infection.

Individual consequences for EVD survi-
vors have included well-documented case 
reports of recrudescent organ-specific inflam-
matory syndromes (uveitis, meningoencepha-
litis) associated with infectious EBOV 
persistence (. Fig. 4d–e) (Jacobs et al. 2016; 
Varkey et  al. 2015). Though only rarely 
reported, the actual prevalence of viral persis-
tence and these inflammatory syndromes in 

the central nervous system (CNS) and eye is 
unknown. Uncertainty remains about whether 
such cases presented a public health risk: it 
had generally been assumed that survivors 
with viral persistence in the eye or CNS did 
not pose a threat outside of direct contact 
with intraocular fluid, cerebrospinal fluid, or 
associated tissues. During the 2018–2020 
EVD outbreak in the Democratic Republic of 
the Congo (DRC), however, a previously vac-
cinated patient who was diagnosed with acute 
EVD subsequently cleared EBOV RNA in 
blood after treatment with a monoclonal anti-
body-based therapeutic and recovered. Six 
months later, the same patient developed 
severe systemic “EVD-like” illness with 
detectable EBOV RNA in blood, rapidly 
decompensated, and died with what was con-
sidered an EVD “relapse” after genetic 
sequencing confirmed relatedness to his initial 
infection. Given the setting and the severity of 
illness, cerebrospinal fluid could not be sam-
pled, and relapse from a central nervous sys-
tem or similar source could not be ruled out. 
This case led to ongoing human-to-human 
transmission and more than 90 subsequent 
EVD cases over a wide geographic area 
(Mbala- Kingebeni et al. 2021).

Many open questions remain about the 
risks posed by EBOV persistence in EVD sur-
vivors. Routine outbreak genetic sequencing 
has demonstrated several outbreaks in the 
DRC to be related to transmission from an 
EVD survivor (likely from semen) rather than 
a new zoonotic spillover (Mbala-Kingebeni 
2022; Pratt 2021). In 2021, genetic sequencing 
suggested a new outbreak in Guinea was 
related to transmission from a survivor from 
the earlier West Africa EVD outbreak, though 
the epidemiology and mechanisms of trans-
mission remain unclear (Keita et  al. 2021). 
Open questions include:

 5 What are the determinants and risk factors 
for sexual (or other modes of) transmis-
sion from EVD survivors with viral persis-
tence?

 5 Does persistence of virus or viral RNA in 
semen, which poses a rare but consequen-
tial public health risk for sexual transmis-
sion, have any health consequences for the 
individual male survivor?
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       . Fig. 4 Individual and public health implications of  Ebola virus persistence in EVD survivors. (Author)

 5 Is EBOV or EBOV antigen persistence 
associated with very common generalized 
symptoms (e.g., fatigue, arthralgia/myal-
gia) seen in many survivors? (Thus far, 
other tissues or organs in which EBOV 
persists have not been identified.)

 5 Are EVD survivors of subclinical infec-
tion at risk for viral persistence?

 5 During acute EVD, what role could EVD-
specific therapeutics play in preventing, 
mitigating, or treating EBOV persistence?

 5 In EVD survivors, what is the role of 
EBOV-specific antivirals to clear EBOV 
RNA (e.g. from the semen of male survi-
vors as one signal suggests) (Higgs et  al. 
2021)?

Studies to date confirm the need to better 
understand the host-virus-therapeutic deter-
minants of viral persistence and its recrudes-
cent inflammatory or public health 

consequences at molecular, cellular, organ/tis-
sue, individual, and population levels. Answer-
ing these questions will require well-designed 
natural history studies of EVD survivors that 
enable longitudinal long-term follow-up and 
comparison with well-matched controls.

3.3.4  Viral Persistence in Other 
Diseases of Interest

Lassa fever virus (LASV) and LASV RNA 
have recently been shown to persist in the 
semen of male Lassa fever survivors; thus far, 
any association with human transmission or 
any clinical sequelae have not been described 
(Thielebein et  al. 2022). Longer-term viral 
persistence after acute infection has been doc-
umented with SARS-CoV-2, though not in 
immune- privileged sites in particular. Rather, 
prolonged detection of virus or viral antigen 
has been most commonly associated with 
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immunodeficient hosts and with ongoing clin-
ical signs and symptoms. The clinical signifi-
cance of viral antigen in autopsy tissues from 
patients who died with COVID-19, even long 
after the resolution of acute illness, remains 
unclear (Stein et al. 2022). The relationship of 
SARS-CoV-2 viral or antigen persistence to 
post-acute sequelae of COVID-19 (PASC) is 
also unclear, but it is a hypothetical contribu-
tor (Davis et  al. 2023; Proal et  al. 2023). 
Similarly, prolonged, severe acute clinical dis-
ease associated with mpox (monkeypox) virus 
(MPXV) has been described in immunodefi-
cient people living with HIV/AIDS, but has 
not so far been associated with typical 
immune-privileged sites (Fink et  al. 2023; 
Govind et al. 2023).

4  Why Is Understanding 
and Reporting the Natural 
History Important?

4.1  Informing and Optimizing 
Patient Care and Care 
Guidelines

Rapid characterization of disease in extremely 
important to inform the urgent development 
of standards for clinical care in an outbreak, 
epidemic, or pandemic. It requires both the 
experience  of clinicians directly caring for 
patients in the field who are qualified to char-
acterize disease processes as well as expertise 
capable of gathering and considering evidence 
as it emerges to develop evidence-based  con-
sensus guidelines. In recent infectious disease 
outbreaks, curation of this development has 
been managed through globally supported 
outbreak response networks and rapidly 
established local, national, and global clinical 
discussions and guidelines panels. Early 
results should  be published or otherwise dis-
seminated as soon as possible. The widespread 
use of pre-print servers in medicine since the 
COVID-19 outbreak began has accelerated 
access to information before peer review is 
complete. This has contributed to the ability 

of emergency clinical guideline panels to 
gather needed evidence but has also made 
their expertise essential to weigh that evidence, 
determine any consensus, and identify out-
standing questions. Such expert panels have 
become a key feature of recent large outbreaks 
(EVD, mpox, COVID-19) and have produced 
“living” clinical guidelines that can be updated 
frequently as new evidence emerges (7 Chap. 
20). These efforts are just the beginning of 
more careful research efforts to characterize 
the natural history. A subsequent section will 
consider how to best continue characteriza-
tion in the research environment typical of 
ongoing outbreaks. Early clinical character-
ization not only informs SOC guidelines but 
also supports the design of interventional 
clinical trials to evaluate medical countermea-
sures (MCMs).

4.2  Informing Rational Design 
and Implementation of Clinical 
Trials

Accurate characterization of the natural his-
tory is crucial to the rational design of clinical 
trials to identify safe and effective interven-
tions. Indeed, insufficient or inaccurate under-
standing of the natural history may lead to 
clinical trials that are poorly designed, poorly 
stratified, over- or under-powered, or cannot 
be generalized to meaningfully impact out-
comes. Though clinical trial design and imple-
mentation is a focus elsewhere in this volume, 
a few rational design implications merit men-
tion in this chapter (7 Chaps. 12, 14, and 22).

4.2.1  Who: Selecting Study 
Populations

Accurate natural history information is impor-
tant to identify, define, and select study popu-
lations most likely to benefit or at higher risk 
of harm from an intervention. In clinical trials 
of a candidate dengue virus vaccine, recogni-
tion that excess hospitalizations for dengue 
fever were observed among vaccine recipients 
2–5 years of age who had not had prior den-
gue virus exposure/seropositivity was an 
instructive lesson (Sridhar et  al. 2018). Prior 
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understanding of the natural history may be 
valuable to risk stratification in designing ran-
domization strategies. For example, previously 
described associations between EBOV load at 
admission (as proxied by the RT-PCR cycle 
threshold value) and survival informed ratio-
nal allocation of randomization in the context 
of the PALM randomized trial of EVD thera-
peutics (Mulangu et al. 2019).

4.2.2  When: Timing Therapeutic 
Interventions

High-resolution characterization of the natu-
ral history can help distinguish key phases of 
an infectious disease that may have implica-
tions for the best timing of an intervention. 
For example, early recognition an early “viro-
logic” phase of COVID-19 (driven by viral 
replication), and a later, “hyperinflammatory” 
phase (driven by host immunopathology) 
informed the design of therapeutic trials of 
antivirals and disease-modifying immuno-
modulation (Horby et al. 2021; RECOVERY 
Collaborative Group 2021, 2022).

4.2.3  How: Adequate Statistical 
Power for Meaningful Clinical 
Trial Results

The natural history informs selection of 
meaningful primary and secondary outcomes 
in clinical trial design. Outcomes of the natu-
ral history are discussed, but the identification 
of meaningful measures of how a patient 
“feels, functions, or survives” help determine 
the statistical power and generalizability of 
study findings (FDA 2020). Such information 
is especially valuable in clinical trials of emer-
gency therapeutics with survival as the pri-
mary endpoint. Calculating statistical power 
is especially fraught early in outbreaks, when 
the typical disease course is not yet clear and 
CFRs may be biased toward the severe end of 
a disease spectrum.

4.2.4  How: Identifying Biomarkers 
of Disease

As defined by the FDA-NIH Biomarker 
Working Group, a biomarker is a “defined 
characteristic that is measured as an indicator 
of normal biological processes, pathologic 

processes, or biological responses to an expo-
sure or therapeutic intervention” (FDA 2023; 
FDA-NIH Biomarker Working Group 2021). 
Well-designed natural history studies can 
identify key biomarkers that, when validated, 
serve as useful endpoints for clinical trials (as 
proxies for outcomes that may be more diffi-
cult to measure). Biomarkers can be catego-
rized based on their utility for understanding 
and intervening in disease history, and include 
susceptibility/risk, diagnostic, monitoring, 
predictive, prognostic, response, and safety 
biomarkers. Clear criteria have been defined 
to determine when a biomarker might be a 
surrogate for clinical benefit (Institute of 
Medicine 2010).

4.2.5  Practice: The Kole Nat Hx 
of Mpox Study and Clinical 
Trials of Tecovirimat

After the first human case of mpox (then 
monkeypox) was described in the Democratic 
Republic of the Congo (Ladnyj et al. 1972), 
endemic disease was described over the next 
decades (Breman et al. 1980; Ježek et al. 1987) 
(Breman et  al. 1980; Ježek et  al. 1987). Two 
decades later, an increasing incidence of mpox 
was observed, thought in part to be related to 
waning cross-reactive immunity after the ces-
sation of smallpox vaccination (Rimoin et al. 
2010). Though smaller case series had been 
published, more detailed studies of the natu-
ral history of mpox were lacking. An impor-
tant prospective observational natural history 
study conducted in Kole, DRC from 2007 to 
2001 provided detailed clinical, virological, 
and pathologic characterization of the natu-
ral history of disease (Pittman et  al. 2023). 
Findings from this pivotal natural history 
directly informed deliberations around ratio-
nal design and selection of primary outcomes 
in an ongoing randomized, placebo- controlled 
evaluation of the safety and efficacy of 
 tecovirimat in pediatric and adult patients 
with clade I mpox in DRC (The PALM007 
trial; NCT05559099). Furthermore, after the 
global spread of clade II mpox was detected 
in 2022, the design of the PALM 007 DRC 
trial subsequently served as an important pro-
tocol template to inform the design of a num-
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ber of international randomized clinical trials 
to evaluate tecovirimat in the treatment of 
clade IIb mpox (Rojek et al. 2023).2

4.2.6  Practice: The LASCOPE Study 
of Lassa Fever to Inform 
Clinical Trials

Much of the limited natural history data on 
Lassa Fever are retrospective and preceded 
the availability of reliable diagnostics and 
clinical laboratories. LASCOPE 
(NCT03655561) was a prospective observa-
tional cohort study to more fully characterize 
the natural history of Lassa Fever, standard-
ize case management, and set the stage for 
clinical trials. In addition to characterizing 
disease and identifying risk factors for poor 
outcomes, the study helped define a reference 
mortality rate to inform future clinical trials; 
furthermore, results suggested that the need 
for dialysis should also be considered an 
important outcome in any evaluation of ther-
apeutics. (Duvignaud et al. 2021).

4.3  Informing Preclinical 
Development of Novel 
and Repurposed 
Pathogen-Directed 
and Disease-Modifying 
Therapeutics

Especially in outbreaks of understudied infec-
tious diseases, early description of the natural 
history in humans can rapidly inform the 
development of in  vitro assays and animal 
models enabling studies of pathogenesis and 
the evaluation of novel or repurposed coun-
termeasures. This needs to be considered for 

2 These trials include:
STOMP (NCT05534984) (USA)
PLATINUM (NCT05534984) (UK)
PLATINUM-CAN (NCT05534165) (Canada)
EPOXI (EUCT 2022-501979-10-00) (Europe)
UNITY (NCT05597735) Brazil, Switzerland.

both pathogen-targeted therapeutics and 
host-targeted interventions. Early and accu-
rate characterization of severe disease clinical 
phenotypes may also provide insight into spe-
cific sub-phenotypes within the larger clinical 
disease presentation.

4.3.1  Practice: Characterizing 
Pathophysiologic Stages 
in COVID-19

As the first natural history signals began to be 
reported early in the COVID-19 pandemic, 
poor patient outcomes were associated with 
hyperinflammation, including increased 
C-reactive protein and interleukin-6 (IL6) lev-
els. Further understanding of the pathophysi-
ologic signatures of this inflammation led to 
the study of broad (e.g., corticosteroids) and 
targeted (e.g., tocilizumab and baricitinib) 
immunomodulation to improve outcomes in 
particular subsets of COVID-19 patients 
(Horby et al. 2021; RECOVERY Collaborative 
Group 2021, 2022).

4.3.2  Practice: Characterizing 
Severe Illness Phenotypes 
in EVD

The care of  severely ill EVD patients in well- 
resourced settings provided the first higher- 
resolution characterization of  previously 
undescribed multi-organ dysfunction syn-
dromes and critical illness phenotypes, 
including acute kidney injury, acute respira-
tory failure, circulatory shock, and central 
nervous system dysfunction (Uyeki et  al. 
2016b). Though based on a small number of 
observations, these case reports/series pro-
vided important insight into pathogenesis 
and the first proofs-of-principle that extra-
corporeal organ support could be safely and 
effectively provided to EVD patients. Deeper 
exploration of  the mechanisms of  organ 
dysfunction is needed to improve supportive 
care in the outbreak setting. Further study 
of  severe EVD in some of  these patients also 
suggested shared features between EVD and 
hyperinflammatory macrophage activation 
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syndromes seen in other infectious diseases 
and autoimmune syndromes (McElroy et al. 
2019), leading to further research in non- 
human primate models (Liu et  al. 2023). 
Whether this shared “sub-phenotype” is 
truly a shared “endotype” reflecting com-
mon pathobiology and thus shared opportu-
nities to modify disease is not yet clear 
(Reddy et al. 2020); nonetheless, higher-res-
olution characterization of  the natural his-
tory of  disease may generate hypotheses 
useful in the search for effective MCMs, 
including immunomodulatory approaches.

5  Determinants of the Natural 
History

As illustrated above (. Fig.  1, 1a), the true 
natural history of any infectious disease, 
absent intervention, is ultimately determined 
by intrinsic characteristics of the host, the 
virus, and the exposure that are antecedent to 
the development of infection and disease. 
Though we focus much of the prior discussion 
on the natural history of clinical disease (and 
its emergent features), these host, viral, and 
exposure factors merit consideration in under-
standing how the natural history is deter-
mined.

5.1  Host Determinants

5.1.1  General Principles
Several host factors have been identified or 
hypothesized to contribute to susceptibility or 
resistance to infection and disease and to 
short- and long-term outcomes. Host risk fac-
tors (. Fig. 1a) include, but are not limited to 
age; sex; immune status, including prior expo-
sures (i.e., vaccinations, previous infections) 
and immunodeficiency states; nutritional sta-
tus; pregnancy; co-morbidities; co- infections; 
host genetic factors; and host microbiome. 
Individual host factors may impact the risk 
and progression of infection and disease with 
similar effect, or they may influence each stage 
differently; therefore, a determinant of the 
risk for infection may or may not be a deter-

minant of disease severity or outcomes. For 
many of the diseases under consideration, 
data on host contributory factors have been 
limited to what is easiest to capture (e.g., host 
demographics like age and sex, pregnancy, 
and basic nutritional status). Determining 
risk related to less easily measured host fac-
tors has been more challenging in outbreaks, 
especially in low-resource areas where more 
complex clinical or research laboratory capac-
ity may be unavailable. Missing capabilities 
may include diagnostics for co-infections or 
comorbidities, the measurement of non-rou-
tine biomarkers, DNA characterization, and 
the absence of large data sets.

5.1.2  Practice: COVID-19
Recent experience with COVID-19 suggests 
that focused, well-resourced research on large 
datasets can expeditiously define the complex 
host determinants of a novel disease. Early in 
the COVID-19 pandemic, it became evident 
that age, sex, and certain comorbidities were 
associated with severe disease and death 
(Russell et  al. 2023). Large, collaborative, 
multi- center international studies identified 
inborn errors in Type I interferon (IFN) 
responses (Zhang et al. 2020) or autoantibod-
ies (Bastard et al. 2020; Reynolds et al. 2006b) 
against components of the Type I IFN 
immune response as major genetic or immu-
nologic determinants of COVID-19 severity. 
As the pandemic progressed, these studies 
have continued to identify new genetic factors 
critical to understanding risk, elucidating 
pathophysiology, and informing immuno-
modulatory strategies for antiviral therapy 
(Covid-19 Host Genetics Initiative 2023; Kalil 
et  al. 2021; Pairo-Castineira et  al. 2023; 
Recovery Collaborative Group 2022; 
Reynolds et al. 2006a). More recently, genetic 
associations between human leukocyte anti-
gen type and asymptomatic SARS-CoV-2 
infection have emerged (Augusto et al. 2023). 
Finally, genome-wide association studies are 
beginning to describe host genetic variants in 
large cohorts of patients with PASC (Vilma 
et  al. 2023). For almost all the other patho-
gens and diseases under discussion in this 
chapter, we still have a limited understanding 
of how host genetic factors influence the risk 

518 I. Crozier



of infection and disease severity. In the future, 
similar efforts to define host genetic risks 
could inform clinical care and improve patient 
outcomes.

5.2  Viral Determinants 
of the Natural History

5.2.1  Viral Toolkits, Infection, 
and Disease

Each virus (as a member of a conceptual virus 
species) has its own molecular tools enabling 
infection, replication, local or systemic dis-
semination, and possible transmission to 
another host. Viral toolkits evolve to evade 
both innate and virus-specific adaptive 
immune responses in an ongoing host–patho-
gen evolutionary arms race (Crespo-Bellido 
and Duffy 2023; Ploquin et al. 2018). En route 
to replication and forward transmission, viral 
infection may cause dysfunction of or damage 
to cells, tissues, and organs or organ systems 
by direct (cytopathic) or indirect (noncyto-
pathic) mechanisms and may provoke immu-
nopathologic responses; clinical symptoms 
and signs of disease result. Detailed discus-
sion of virus-specific molecular mechanisms 
of infection and disease is outside the scope 
of this chapter.

5.2.2  Within-Outbreak Viral 
Evolution and the Natural 
History

Sustained human-to-human transmission and 
replication enables viral evolutionary explora-
tion of the human host. Theoretically, viral 
evolutionary trajectories should be oriented 
toward enhanced replication, transmission, 
and avoidance of host immune responses. The 
effects of ongoing evolution on pathogenicity 
are less clear, though they are generally 
thought to trend toward more transmissible 
and immune- evasive variants rather than vari-
ants that cause more severe disease. Sustained 
SARS- CoV- 2 transmission over time has pro-
vided a clear example: early SARS-CoV vari-
ants (e.g., Alpha, Delta) appeared to cause 
more severe disease in humans and animal 

models than later variants (e.g., Omicron) 
(Nyberg et  al. 2022); whether this trend will 
continue is unclear. The capacity for rapid 
genetic sequencing to provide near real-time 
molecular epidemiologic information during 
an outbreak is a recent phenomenon, having 
been deployed for the first time at scale during 
the 2014–2016 EVD outbreak in West Africa. 
During that relatively long period of human- 
to- human transmission, certain mutations 
became dominant in circulating EBOV, sug-
gesting some fitness benefit to the virus. 
Efforts to determine any impact on the natu-
ral history, however, even in animal models, 
have not been revealing (Marzi et  al. 2018). 
We do not have such detailed sequence data 
for most viral pathogens that infect and trans-
mit among humans.

5.2.3  Intra-Species Viral Strains 
and the Natural History

In general, differentiation of virulence among 
viral variants (within a viral species) is limited 
to epidemiologically derived CFRs associated 
with different variants. Determining whether 
increased CFRs are caused by a more virulent 
virus strain (or isolate) typically requires 
in vitro and animal modeling studies that do 
not provide a complete picture of human 
infection and disease even when they can be 
conducted. For some viruses, animal models 
have not identified significant differences in 
virulence between specific outbreak strains; 
for example, EBOV-Mayinga, EBOV-Kikwit, 
and EBOV-Makona variants associated with 
different outbreaks do not appear to differ in 
severity in animal models (Yamaoka and 
Ebihara 2021). Subspecies differences in dis-
ease severity have been identified for other 
viral infections. Observations of higher CFR 
with mpox virus clade I (CFR 5–11%) versus 
clade II (CFR 1–3%), for example, suggest 
viral genomic variance contributes to an 
altered natural history of mpox. However, 
these observations may be confounded by 
other variables, including geographic origin, 
host genetic variation, and the availability and 
quality of care (Gessain et  al. 2022). 
Comparisons in nonhuman primate models 
suggest differential lethality, viral loads, and 
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organ- tropism between mpox virus clade I 
and clade II (Saijo et al. 2009). Similar obser-
vations have been made in Lassa fever caused 
by different clades of the Lassa virus in 
humans and in animal models (Grant et  al. 
2023; Stein et al. 2021).

5.3  Exposure Determinants 
of the Natural History

5.3.1  Dose, Route, Sample Matrix, 
Environment

Exposure to a larger quantity of infectious 
material is generally presumed to increase the 
likelihood of infection. A similar correlation 
with disease severity is likely, though simple 
exposure dose–response relationships (to 
either infection or disease severity) are chal-
lenging to demonstrate in either animal-to-
human or human-to-human transmission and 
must rely instead on proxy animal modeling. 
In general, dose-ranging of viral exposure in 
animal models suggests that increased expo-
sure increases either the disease severity or its 
progression. Determining the impact of the 
route of exposure generally must also rely on 
animal modeling. It is likely that infectivity 
and transmission also depends on the expo-
sure matrix (e.g., blood versus bodily fluid 
versus semen) but this is not well understood 
beyond epidemiologic observations. It is also 
likely that the exposure environment affects 
infectivity and secondary attack rates given 
the differential stability of viruses in particu-
lar environments (e.g., relative humidity and 
air flow for viruses transmitted by aerosol par-
ticles or respiratory droplets) (Thornton et al. 
2022).

5.3.2  Practice: Monkeypox Virus 
(MPXV) Exposure 
and the Natural History 
of Mpox

It has been long recognized that the route or 
site of initial exposure to orthopoxviruses 
directly impacts the clinical presentation. The 
cowpox pustules on the hands of infected 
milkmaids observed by Edward Jenner are per-

haps the best-known example (Cowpox and 
paravaccinia 1967; Jenner 1798). In the context 
of endemic mpox (caused by Clade I MPXV 
infection) in the DRC, the route of exposure 
has been previously associated with more 
severe disease, though this may be confounded 
by a dose effect (Pittman et al. 2023; Reynolds 
et  al. 2006b). During the global spread of 
mpox through human-to-human transmission 
in 2022–2023 (caused by Clade IIb MPXV 
infection), atypical clinical presentations were 
frequently described after high-risk sexual 
exposures, including localized skin lesions and 
regional lymphadenopathy, anogenital lesions, 
and proctitis. Clinical comparison to the dis-
seminated skin lesions more typical of endemic 
mpox, and more often associated with animal-
to-human or human-to-human transmission 
without high-risk sexual contact (clade I or II 
MPXV), suggests an important contribution 
of the exposure route to the natural history 
(Mitjà et al. 2023). Recently reported descrip-
tions of mpox cases after likely heterosexual 
transmission of the virus (clade II MPXV) in 
Nigeria suggest a similar route dependence 
(Ogoina and James 2023).

5.3.3  Practice: Ebola Virus (EBOV) 
Exposure and the Natural 
History of EVD

Human-to-human transmission of EBOV is 
thought to occur predominantly from muco-
sal exposure to blood or body fluids from 
symptomatic or deceased patients (Vetter 
et  al. 2016). Though an exposure dose 
response has not been confirmed in human 
studies, animal models suggest dose- 
dependent differences in the severity, charac-
ter, or pace of illness after mucosal (oral or 
conjunctival) versus intramuscular inocula-
tion (Cross et al. 2023; Johnson et al. 2023). 
However, dose-ranging studies have also dem-
onstrated 100% lethality even after very small 
inocula after intramuscular or aerosol expo-
sures. Limited observations after accidental 
laboratory exposures suggest that intravenous 
or intramuscular exposure (via a needlestick 
injury, for example) poses a high risk of infec-
tion and severe disease in humans (Vetter 
et al. 2016). Uncertainty remains around the 
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effect of bodily fluid matrix on EBOV trans-
mission, though its influence is very plausible. 
In comparison to human-to-human transmis-
sion of acute EVD, the paucity of cases asso-
ciated with exposure to the semen of male 
EVD survivors (with high viral loads in 
semen, especially early in convalescence) sug-
gests a matrix effect that lowers sexual trans-
mission risk among other potential 
bottlenecks (Jacob et al. 2020).

6  Natural History Studies: Optimal 
Design and What Can 
Be Achieved in Outbreaks

6.1  Outbreak Realities: Challenges 
to Natural History Studies

Historically, the realities of outbreak settings 
have limited opportunities for well-designed 
natural history studies. Outbreaks occur 
unpredictably, often in remote, under- 
resourced settings. The immediate urgencies 

of outbreak response are not well suited to 
pre-planned, prospective studies, so under-
standing and reporting the natural history 
often proceeds as shown in . Fig. 5. It is per-
haps understandable that true natural history 
studies have typically only been established 
during prolonged outbreaks and are often 
focused on survivors rather than acute disease.

6.1.1  Rapid Communication via 
Existing Clinical Networks

As described above, the first signals of the 
natural history typically come from discus-
sions of the clinical disease from providers 
caring for patients in the outbreak setting. In 
recent outbreaks (e.g., COVID-19, mpox, and 
filovirus disease outbreaks), connecting exter-
nal subject matter experts to in-field clinicians 
has been invaluable to discuss emerging clini-
cal challenges, begin to inform or update clin-
ical guidelines, identify research questions, 
and rapidly inform preclinical and clinical 
research strategies.

       . Fig. 5 Understanding the 
natural history in infectious 
disease outbreaks: typical 
progression. (Author)
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6.1.2  Early Observational Studies 
of Natural History

During an outbreak, observational data is 
often first published as descriptive case reports, 
series, or small cohort studies. In these cases, 
data is derived retrospectively from already 
available clinical charts and medical records. 
Typically, these are also cross-sectional (col-
lected during a specified limited time period). 
While this enables rapid design, analysis, and 
publication, these studies are susceptible to 
biases and limitations, including:

 5 Missing or inconsistent data or methods 
of data collection from existing records 
not designed to reliably capture all relevant 
data

 5 A bias toward a particular patient popula-
tion may limit generalizability of findings. 
This is particularly true of case and series 
reports early in outbreaks, in which 
unusual or particularly severe clinical pre-
sentations may be more likely to be pub-
lished

 5 Limited cross-sectional observation peri-
ods may not capture evolution of disease 
over time

Nonetheless, in most novel outbreaks, early 
descriptions of clinical disease play an impor-
tant role in informing care and in shaping clin-
ical research. For example, the first reports of 
clinical disease from China early in the 
COVID-19 pandemic critically set the stage to 
describe phases of disease, begin to identify 
risk factors for poor outcomes, and suggest 
strategic approaches for interventional redirec-
tion of the natural history (Guan et al. 2020).

6.1.3  Optimal Design of Natural 
History Studies: Prospective, 
Longitudinal, and Controlled 
Observations

Prospective studies evaluate events based on a 
prespecified study design. Longitudinal studies 
collect data from all patients in a pre- defined 
cohort over a defined period and are more 
likely to yield information about the onset and 
evolution of disease. Prospective, longitudinal 
observational cohorts with well- matched con-
trols (where relevant) provide the most com-

prehensive, reliable, and generalizable 
information about the natural history of an 
emerging infectious disease. Optimally, over 
the outbreak period, these studies would pro-
vided an increasingly resolved picture of the 
natural history. However, the time, resources, 
and effort required to implement such studies 
during an emergency have limited their use in 
infectious disease outbreaks. Conducting effec-
tive natural history studies in infectious disease 
outbreaks likely requires alternative strategies.

6.2  Strategies to Improve 
Understanding of Natural 
History During Outbreaks

6.2.1  Early Identification of Research 
Gaps

The identification of key research gaps for any 
disease often requires systematic reviews—
efforts that require considerable expertise, 
effort, and time, limiting their utility in emer-
gency research response. For recognized pri-
ority pathogens with pandemic potential, 
formulation of a research agenda should 
emphasize understanding natural history to 
inform development of diagnostics and 
MCMs. A “rapid research needs appraisal” 
(RRNA) protocol aiming “to identify impor-
tant gaps in evidence and knowledge in a 
robust, systematic, and replicable manner to 
rapidly inform clinical research prioritization” 
within five days is under development. It was 
recently piloted using a Lassa Fever outbreak 
scenario, with online rapid-review software, 
and evaluated in comparison with an expert 
Lassa fever panel (Sigfrid et  al. 2019). This 
and analogous efforts to accelerate identifica-
tion of key research gaps are needed.

6.2.2  Standardized Clinical 
Characterization Protocols 
(CCP) for Specific Diseases or 
Disease Syndromes

Another obstacle to urgently and widely col-
lecting data for understanding natural his-
tory is the lack of  standardized data collection 
protocols to enable harmonized collection 
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from multiple sites and independent out-
breaks of  the same disease. “Prototype 
pathogen” approaches to help understand 
viral families should be paralleled by the 
development of  “prototype protocols” that 
could be pre-positioned to understand the 
disease caused by those pathogens. 
Developing disease- specific or syndrome-spe-
cific clinical characterization protocols 
agreed upon by stakeholders in advance 
would help resolve this issue. Depending on 
the syndrome, these CCPs are easily adapted 
to novel diseases presenting with similar syn-
dromes. For example, generic International 
Severe Acute Respiratory and Emerging 
Infection (ISARIC) CCPs have proven useful 
in understanding the natural history of 
COVID-19 from large international datasets, 
including in disease characterization (Drake 
et al. 2021; Millar et al. 2022; Sullivan et al. 
2021; Swann et  al. 2020), risk assessment 
(Knight et al. 2022), and evaluation of  clini-
cal care. In addition, proposed “perpetual 
observational studies” could become stan-
dard for characterization of  the natural his-
tory of  disease across outbreaks 
(Hassoun-Kheir et al. 2022).

6.2.3  Prepositioned Clinical 
Research Networks (and 
Researchers)

Establishing and strengthening clinical 
research networks (and researchers) across 
geographic areas susceptible to the same 
infectious diseases is a valuable strategy to 
improve understanding of novel diseases or 
endemic infectious diseases with significant 
knowledge gaps. These networks might be ini-
tiated in response to specific disease threats 
but maintained during inter-outbreak periods 
and able to pivot to new threats. For example, 
at the national level, the PREVAIL, PREGUI, 
and PALM collaborative efforts (in Liberia, 
Guinea, and the DRC, respectively) had ori-
gins in research responses to EVD outbreaks 
but have pivoted to other emergence research 
needs. Regional examples include The African 
Coalition for Epidemic Research, Response 
and Training (ALERRT), and the Pan-
African Network for Rapid Research, 

Response, Relief  and Preparedness for 
Infectious Disease Epidemics (Pandora- ID- 
Net) as well as focused training networks like 
the Clinical Research During Outbreaks 
(CREDO) initiative (ALERRT 2023; Kayem 
et al. 2019; PANDORA 2022).

6.2.4  Global Clinical Platforms
To enhance the understanding of the natural 
history in emerging infectious diseases, the 
WHO has proposed the use of “Global 
Clinical Platforms” (GCP) in which secure 
web- based databases could capture individ-
ual-level anonymized clinical data from 
patients around the world, providing large 
datasets for analysis. Platforms are to be dis-
ease or syndrome- adapted and focused on 
understanding natural history. For example, 
the aims of the WHO GCP for Viral 
Hemorrhagic Fever (WHO 2023) are to:

 5 Describe the disease course, its natural his-
tory, and severity.

 5 Identify the association of clinical charac-
teristics of viral hemorrhagic fevers with 
outcomes.

 5 Inform strategies for use of clinical 
resources to provide high-quality support-
ive care.

6.2.5  Core Protocols: Integrating 
Natural History Studies into 
Clinical Trials of Medical 
Countermeasures

The challenges of conducting interventional 
clinical trials in unpredictable outbreak set-
tings have led to calls to implement core (or 
master) protocols that could make it possible 
to continue a study across successive indepen-
dent outbreaks (Dean et al. 2020). In addition 
to evaluating the safety and efficacy of a can-
didate therapeutic, the standardized clinical 
characterization collected during interven-
tional studies could provide important 
insights into the natural history of disease. 
For example, platform adaptive randomized 
core trial protocols under discussion for the 
evaluation of new and repurposed treatments 
for filovirus diseases likely could also valuably 
improve our understanding of natural history.
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7  Conclusion

Understanding and reporting the natural 
history of  infectious diseases is an important 
but challenging component of  emergency 
research response. A clear understanding of 
natural history not only informs clinical care 
but also sets the stage for better design of 
preclinical and clinical research to evaluate 
medical countermeasures. Recent experience 
in the COVID-19 pandemic suggests that 
unprecedented research goals can now be 
accomplished, albeit with exceptional collab-
orative effort and resources. Characterization 
of  the evolving host–pathogen–care interac-
tion has been much more limited for diseases 
caused by most priority pathogens. Any dis-
ease caused by a novel pathogen will require 
new characterization efforts to begin as soon 
as possible. As we plan for better prepared-
ness for and response to future infectious dis-
ease emergencies, we must devise and 
incorporate strategies to rapidly and effec-
tively characterize, understand, and redirect 
disease natural history.

? Discussion Questions
 1. Why is it important to develop an 

early, detailed understanding of  the 
natural history of  a novel disease in 
patients when there is a novel infec-
tious disease outbreak?

 2. What are the intrinsic determinants of 
the natural history of  a disease in a 
human patient?

 3. Name some obstacles to conducting 
natural history studies during out-
breaks.

 4. Suggest some ways of  better preparing 
to conduct future natural history stud-
ies of  novel infectious diseases.
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Learning Objectives
This chapter will help readers and describe:

 5 The typical process for developing clinical 
practice guidelines (CPGs)

 5 How the CPG process has been modified 
during public health emergencies

 5 Conflicts of interest that may arise for panel 
members

 5 The kinds and reliability considerations of 
evidence used to formulate CPGs

 5 How clinical practice guidelines (CPGs) are 
conveyed to health care practitioners dur-
ing an emergency when the providers are 
under stress and the guidelines may be sub-
ject to rapid changes

1  Overview and Role of Clinical 
Practice Guidelines

1.1  Clinical Practice Guidelines 
Background

Clinical practice guidelines (CPGs) are a vital 
tool to provide clinicians with recommenda-
tions for medical decision making for patient 
care, including diagnosis, prevention, and 
management of medical conditions. CPGs are 
generally designed specifically to provide clin-
ical guidance but are not intended to be man-
dates or directives. They are written with 
health care practitioners as the intended audi-
ence but are frequently consulted by patients, 
payers (insurance companies or health sys-
tems), and public health authorities, among 
others; they may also be used in judicial pro-
ceedings like malpractice litigation (Ruhl and 
Siegal 2017). CPGs are not designed to set 
reimbursement policies or to replace a health-
care professional’s clinical judgment about an 
individual patient’s unique circumstances. 
Such distinctions are often lost on healthcare 
systems or insurance companies that see a 
benefit in measurable uniformity in practice 
by their clinicians. CPGs in well-established 
areas of medicine can usually rely on rich 
sources of definitive data, like reports of 
properly conducted randomized trials pub-
lished in the peer-reviewed scientific literature, 

to comprise the evidence base from which the 
recommendations are made. Many, but not 
all, questions might be answered with avail-
able rigorous evidence.

This chapter addresses CPG development 
for emerging and urgent diseases for which 
evidence accumulates rapidly and may be of 
varying quality, particularly in a public health 
emergency. Examples with human immuno-
deficiency virus (HIV), hepatitis, and espe-
cially the National Institutes of Health (NIH) 
coronavirus disease 2019 (COVID-19) guide-
lines are described, and suggestions for creat-
ing a CPG are provided.

1.2  How CPGs in New 
and Emerging Diseases Are 
Different from more 
Established Diseases

When a new or emerging disease rises to the 
level of a public health emergency, such as 
Zika or COVID-19, clinicians often find 
themselves in unfamiliar clinical situations for 
which adequate published data and estab-
lished treatments are lacking. As more infor-
mation about the pathogenesis of the new 
disease is understood, patient risk factors for 
disease progression become clear, clinical tri-
als provide results, and new clinical manage-
ment strategies evolve, clinicians need a way 
to access information from a reliable, impar-
tial source that balances the need to stay cur-
rent with rapidly evolving knowledge with a 
careful critique of new studies for rigor, reli-
ability, and generalizability. (A summary of 
elements of a CPG for emerging diseases is 
provided in . Table 1).

1.3  CPGs for Public Health 
Emergencies Before COVID-19

1.3.1  HIV
The response to HIV is a prime example of 
how CPGs informed clinicians about best 
management practices for a new disease in the 
pre-internet era. HIV (CDC 1981, 1982) had a 
rapid evolution in terms of understanding 
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       . Table 1 Sample steps for developing clinical practice guidelines (CPGs) in public health emergencies 
(authors)

Sample steps for developing a CPG

Establish trust Ensure the sponsoring organization(s) is well-respected

Appoint panel leadership and members with strong scientific reputations, leadership 
skills, and experience in developing CPGs

Establish a transparent recruitment process

Empanel a CPG 
committee

Appoint panel members with expertise in the subject area, from an array of scientific 
disciplines based on the condition being addressed, who are committed to investing the nec-
essary time needed

Consider including members from affected communities and regulatory agencies

Include members with sex/gender, racial, ethnic, institutional, and geographic diversity

Educate members on the processes and requirements, including evidence to be considered, 
decision-making process, rating the recommendations, confidentiality, and dissemination

Ensure disclosure and management of any financial or scientific conflicts of interest

Bring in some prior experience in managing CPGs

Establish an 
administrative 
support team

Generate and manage ongoing literature reviews and other information sources

Manage communications among panel and with stakeholders

Provide operational support for leadership and members

Prepare minutes, agendas, and working materials

Manage the CPG document

Generate and manage timelines and assignments to optimize workflow and deadlines

Organize panel into teams as needed with designation of team leadership

Generate 
recommendations 
and create the 
“document”

Review all relevant data with systematic and regular information searches

Develop recommendations that are concise, clear, unambiguous

Rate each recommendation (e.g., for strength of the recommendation and quality of 
evidence), with clear definition of rating system (see . Fig. 4)

Generate text that supports the recommendations

Include key citations that support the recommendation, rather than an exhaustive listing 
of all supporting evidence or a review of the literature

Design length to be appropriate for a CPG (vs. a review article or book chapter)

Create tables, figures, and boxes to communicate recommendations in a clear, concise, 
and readily accessible fashion

Update the document as dictated by the emergence of new data and availability of new 
diagnostic technologies or therapeutic interventions

Consider the best format for the presentation of a “living document” that can be updated 
as needed and is widely available and accessible

Review the content regularly for currency, accuracy, readability

Terminate online CPG when the need for immediately updated recommendations has 
diminished and the information is available from other sources such as print and online 
textbooks and journals
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pathogenesis, and in terms of recognizing 
evolving diagnostics, preventive strategies, 
and therapeutics for the primary viral disease 
and for the HIV-associated comorbidities. In 
the early 1980s, HIV was recognized as a pub-
lic health emergency. Information about natu-
ral history, diagnosis, and therapy evolved 
rapidly. There was much controversy in the lay 
press and medical literature about best prac-
tices for management. Clinicians needed help 
understanding the new data, new claims in the 
mass media, and actions supported by advo-
cacy groups.

From 1982 to 1987, as the type and nature 
of HIV-related opportunistic diseases were 
recognized, data about diagnosing, prevent-
ing, and managing these complications were 
beginning to become available. Given how 
rapidly information emerged, the number of 
journals that were publishing important infor-
mation, and the delay in getting information 
to clinicians, NIH initiated a CPG for manag-
ing individual opportunistic infections (e.g., 
Pneumocystis carinii [now P. jirovici] pneumo-
nia and Mycobacterium avium complex infec-
tions) in 1989 and 1993. This guidance was 
expanded to a CPG for all HIV-related oppor-
tunistic infections in 1995 (CDC 1989; Kaplan 
et al. 1995). The initial CPGs were published 
in Morbidity and Mortality Weekly Report as 
an attempt to reduce the time from comple-
tion of the CPG to publication of the recom-
mendations, compared with publication in 
print journals and reviews in books. Clinical 
trials were being conducted that required 
experience and expertise to interpret. Book 
chapters and journal review articles lagged the 
release of emerging data about therapies that 
patients were desperate to access. Online 
resources like UpToDate® and the online ver-
sion of the Sanford Guide did not exist at that 
time.

The U.S.  Department of Health and 
Human Services (HHS) published recommen-
dations on the use of azidothymidine (AZT, 
zidovudine) from a state-of-the-art conference 
of experts in 1990, nine  years after the first 
patients with acquired immunodeficiency syn-
drome (AIDS) were described (NIH 1990). 
This document was updated three years later 

as clinical trial data were emerging about sin-
gle agents and combination regimens (Sande 
et  al. 1993); however, any further updates 
would need to await new clinical endpoint 
(e.g., survival) data.

In December 1995, as data on more com-
bination antiretroviral therapy emerged based 
on studies with viral load endpoints rather 
than survival or progression to AIDS, the 
International AIDS Society-USA (IAS-USA, 
now the International Antiviral Society-
USA) assembled an expert panel of  physician 
scientists and developed a CPG that was pub-
lished in a high-impact journal within 
8  months of  the panel being appointed. 
Subsequent revisions initially were published 
annually and later biannually, based on the 
emergence of  new evidence (Carpenter et al. 
1996; Saag et al. 2020). By the mid-2000s, the 
pace of  new, practice-changing developments 
had slowed, and country-specific, HIV CPGs 
were becoming available. IAS-USA continues 
to publish its CPG in the mainstream litera-
ture because of  the credibility associated with 
publication in the peer-reviewed literature 
and the journal’s ability to publish the CPG 
within 3–4 months of  submission. The impact 
of  the worldwide dissemination via publica-
tion in a respected, multi-specialty journal is 
clear; the IAS-USA CPGs have consistently 
reached Web of Science’s highly cited status 
(meaning that they are in the top 1% of 
papers cited in the field of  clinical medicine 
overall for the publication year). However, 
CPGs published in the literature will be 
quickly outdated if  new major developments 
emerge.

In 2003, HHS began reissuing its CPG as a 
web-based resource, which improved its time-
liness and accessibility. This transition to a 
web-based document required an increased 
budgetary commitment to support additional 
staff. The supporting team was expanded to 
include individuals with experience creating 
and maintaining a website, and editorial sup-
port was expanded. Furthermore, the panel 
leadership and members shifted their process 
to ongoing attention to new data and more 
frequent updates of the CPG.
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1.3.2  Hepatitis C
After the discovery of the hepatitis C virus 
(HCV) in the late 1980s, newly available diag-
nostic testing began to reveal the unexpect-
edly high prevalence of hepatitis C in the 
United States and worldwide. As the link 
between hepatitis C and morbidity and mor-
tality became more evident, clinicians and 
patients were eager to learn how to treat the 
infection and prevent or halt the progression 
of associated liver disease. A new generation 
of drugs entered clinical trials around 2012 
and showed dramatic rates of “cure”—elimi-
nation of virus from the body—that were 
more than twice that observed with the previ-
ous, more toxic alfa interferon-based regi-
mens, reaching success rates of more than 
95%. The new drugs escalated the demand for 
treatment even more (Wang et  al. 2016). 
However, most clinicians were unfamiliar with 
hepatitis C and needed guidance about host 
factors and viral factors that would influence 
therapeutic choices. Clinicians also needed to 
learn how to monitor treatment. Between 
2012 and 2016, more than a dozen individual 
direct-acting antivirals (DAAs) were approved 
by the U.S. Food and Drug Administration 
(FDA) for use in the treatment of hepatitis C 
(FDA 2017). Clinical trial results were pub-
lished frequently in various journals.

Clinicians clearly needed guidance about 
using the new, highly effective drugs for 
HCV. Historically, hepatitis C was diagnosed 
mostly by liver specialists, who also managed 
the limited treatments available to patients. 
With the new treatments, an expanded cadre 
of practitioners was required to ensure treat-
ment was available to the many patients with 
HCV infection. The Infectious Diseases 
Society of America (IDSA), the American 
Association for the Study of Liver Diseases 
(AASLD), and the IAS-USA cosponsored a 
web-based HCV CPG targeted to liver spe-
cialists, infectious disease physicians, and gen-
eral practitioners. The IAS-USA had the 
necessary expertise in developing CPGs, oper-
ational infrastructure, and website develop-
ment, as well as special experience effectively 

managing a panel of experts and creating a 
web-based document quickly, one that was 
accessible, appropriately focused, credible, 
and nimble enough to be frequently updated 
as new clinical trial data emerged. The HCV 
CPG was initially updated 6–12 times a year 
as new DAA drugs and combinations were 
released. In some instances, the AASLD/
IDSA/IAS-USA CPG was updated within a 
week of formal FDA approval of a new DAA, 
regimen, or indication. Such updates required 
an extensive volunteer effort and a substantial 
administrative support organization.

The HCV Guidance is an example of three 
professional organizations working together 
to cosponsor a CPG format that was enthusi-
astically received by its target audience of 
internet-familiar clinicians and was a marked 
advance from how CPGs for HIV-related 
opportunistic infections and antiretroviral 
therapy were initially developed and deployed.

2  CPG for COVID-19

At the end of January 2020, a month after 
China reported a cluster of unusual pneumo-
nia cases in the city of Wuhan, the WHO 
declared a Public Health Emergency of 
International Concern (WHO 2020). The 
novel coronavirus, subsequently named severe 
acute respiratory syndrome coronavirus-2 
(SARS- CoV- 2), had been identified as the 
cause of the disease now called coronavirus 
disease 2019 (COVID-19). The disease quickly 
became a public health emergency and spread 
to virtually every corner of the world. As with 
HIV/AIDS, SARS-CoV-1, hepatitis C virus 
(HVC), and other emerging or re-emerging 
infectious diseases, clinicians urgently needed 
to understand the natural history, transmis-
sion, diagnosis, treatment, and prevention of 
this often lethal virus, which caused nearly 
two million deaths worldwide in the first year 
(Masur 1993; Ravelo and Jerving 2021). As of 
January 2023, the global death toll is esti-
mated at more than 6.7 million. As so often 
with a new disease, or with an established but 
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intractable one, untested, poorly investigated, 
unproven, and sometimes harmful and fraud-
ulent therapies and preventives were soon 
being touted in social media by celebrities and 
politicians and, in some cases, by physicians 
(Grimes 2021). Internet sites, social media, 
and the 24-hour news cycle bombarded 
healthcare practitioners with unverified, often 
inaccurate, information and opinions. 
Volumes of preliminary clinical trial results 
and anecdotal observations were reported on 
websites, many of which were picked up and 
often exaggerated or distorted in mass media. 
Even the number of peer-reviewed articles 
published in conventional medical journals 
soon rose well beyond the capacity of any one 
physician or practice team to follow (CROI 
2021; Stevenson 2021) (see . Figs. 1 and 2).

With the rapid spread of COVID-19 
worldwide and the lack of reliable, evidence- 
based guidance for clinicians, NIH began to 
assemble the information needed for a panel 
of experts to prepare a CPG that would be 
universally available online and updated as 
often as deemed necessary.

The COVID-19 CPG Panel published its 
first set of recommendations on April 21, 
2020, 30  days after its first meeting (NIH 
2020). As of August 2022, it continues to meet 
as a full panel every week and in subgroups at 
least four more times each week to update the 
guidelines, publishing changes 25 times in its 
first year to ensure that recommendations 
reflected careful review of rapidly accumulat-
ing knowledge about SARS-CoV-2 and were 
based on the most recent evidence.

107698

1
2
4
8

16
32
64

128
256
512

1024
2048
4096
8192

16384
32768
65536

131072

20222020201820162014201220102008200620042002200019981996199419921990198819861984198219801978

Se
ar

ch
 C

ou
nt

 (L
og

ar
ith

m
ic)

Year

HIV Results in PubMed 1982 to 2022 SARS-CoV-2 Results in PubMed 2020 to 2022 Hep C Searches 1978 to 2022

       . Fig. 1 Publications in PubMed for HIV, HCV, and 
COVID-19 from the first recognition of  the disease enti-
ties through December 31, 2022, illustrating the relative 

volume and rate of  new information for clinicians to 
consider around COVID-19. (Authors’ work)
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       . Fig. 2 Ongoing clinical 
studies listed in 7 ClinicalTrials. 
gov for HIV, hepatitis C virus, 
and SARS-CoV-2 as of 
December 31, 2022. (Authors’ 
work)

3  Creating a Credible CPG

3.1  Getting Started: Sponsoring 
Organization(s) 
and Leadership

A CPG will have little impact if  stakeholders 
do not have confidence in its accuracy, objec-
tivity, and timeliness. Trust in a CPG is essen-
tial and depends on many factors, including 
the reputation(s) of the sponsoring 
organization(s), the expertise of the individu-
als comprising the CPG panel and its leader-
ship, and the usefulness of its 
recommendations. Government health agen-
cies may often be able to quickly deploy the 
resources, expertise, and relative freedom 
from commercial conflicts of interest neces-
sary to produce a credible CPG.  Healthcare 
practitioners often relate best to members of 
their specialty or subspecialty and medical 
societies typically have leadership and exper-
tise within their organization to sponsor 
CPGs that engender trust of their members. 
Other organizations with a reputation for 
high-quality information or continuing medi-
cal education that also have broad resources 
and trust may have the scientific expertise, 
operational experience, and administrative 
resources necessary to produce a CPG rapidly.

Once the decision is made to develop a 
CPG in response to a public health emer-

gency, a panel and operational plan need to be 
developed. Use of an existing CPG infrastruc-
ture will expedite the process. The obvious 
challenge of redeploying an existing adminis-
trative team or individual employees is that 
such staff  are often already consumed with 
their existing responsibilities and commit-
ments to their other CPG activities. Leadership 
may have to make a well communicated and 
strategic decision to have targeted staff  defer 
some of their ongoing obligations and focus 
on responding to the public health emergency.

Ideally, the CPG leader(s) will have prior 
CPG experience, management capabilities, a 
vision for the CPG, and broad professional 
recognition in pertinent areas of expertise. 
The leader(s) must have the commitment to 
devote sufficient time to the project to make it 
successful, the objectivity to determine 
whether they will have the time to follow 
through, and if  such a commitment is realis-
tic. Some degree of flexibility in the time com-
mitment is required with the understanding 
that the initial assessment of time required 
likely is underestimated. Experience with HIV, 
hepatitis C, and COVID-19 CPGs indicates 
that many busy professionals will respond to 
volunteer roles for CPG leadership and mem-
bership if  they see a national or global need, a 
high likelihood of having a major impact, and 
adequate infrastructure support. Confidence 
in the sponsoring organization and the named 
leaders is important to recruiting appropriate 
expertise.
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Candidates for CPG leadership include 
well-respected subject-matter experts; govern-
ment health ministry or research institute 
leaders; professional society or association 
leaders; and persons with CPG experience.

Each public health emergency is likely to 
require a different skill set. The initial IAS- 
USA CPG for HIV treatment benefitted from 
choosing well-known and well-respected aca-
demic leaders with experience in HIV CPG 
development (Carpenter et  al. 1996). Panel 
members were national and international 
leaders in HIV research and active HIV prac-
titioners. Members were recruited from out-
side the United States as well as domestically 
because, unlike some other CPGs, the docu-
ment was intended for an international (devel-
oped world) audience.

For the HIV-related CPG sponsored by 
NIH, leaders largely came from NIH but with 
major contributions from academic leaders, 
the FDA, and the U.S.  Centers for Disease 
Control and Prevention (CDC). All members 
were recruited from the United States because 
the target audience was intended to be domes-
tic rather than international. For the IDSA/
AASLD/IAS-USA HCV Guidance, academic 
authorities chosen by the collaborating CPG 
organizations provided leadership. For the 
NIH COVID-19 CPG, a mix of government 
and academic leaders, all of whom had 
worked together on other CPGs, accelerated 
the development of the CPG to respond to an 
urgent public health emergency that had dis-
rupted virtually every aspect of day-to-day 
life. The resulting acute need for credible, 
science- based guidelines was complicated by 
political, social, and economic factors.

3.2  Assembling the Panel

Assembling the panel requires a strategy for 
identifying potential members from a variety 
of scientific and medical disciplines: research 
scientists, clinicians, clinical trialists, patho-
gen and disease experts, pharmacists, biostat-
isticians, regulatory scientists, and others. In 
the case of COVID-19, nursing and respira-
tory therapy expertise was essential. Panel 
membership should be diverse to be credible 

to all stakeholders, especially groups dispro-
portionately affected by the emergency. 
Leadership needs to determine what scientific 
or financial biases would make resolving any 
conflicts of interest unmanageable and apply 
those criteria consistently (see below). Sex/
gender identity, race/ethnicity, geographic 
location, specialty, institutional affiliation, 
and prior history of scientific advocacy are 
important considerations.

Representatives of patient advocacy 
groups and communities at risk can provide 
important perspectives. For the HHS/NIH 
HIV CPGs, there were well-developed advo-
cacy groups with members who were eager to 
join the panel and who made important con-
tributions. For the NIH COVID-19 CPG ini-
tially, the lack of well-defined advocacy 
groups made the identification of candidate 
community members difficult.

In a rapidly evolving public health emer-
gency, there may not be time for an initial 
public request for applications, a methodical 
search for panel members, or careful vetting 
of applicants. Relying on experts identified by 
panel leadership from their professional con-
tacts may be the most practical approach to 
launching the CPG quickly. Accepting nomi-
nations from other relevant organizations 
allows other groups to add their credibility to 
the process and to provide outside perspec-
tives to the selection of panel members.

The selection process for CPG  membership 
should be transparent and the criteria used for 
inclusion should be described in the methods 
section of the CPG. For the panel to operate 
effectively, panel member selection must con-
sider personal and professional behavior and 
conduct. Panel members must have a history 
of reliability in expectations of participation, 
commitment to attending the majority of 
meetings, diligence in studying the relevant 
materials, and must contribute to panel work 
products. They must comply with expecta-
tions for confidentiality and timely disclosure 
of potential conflicts of interest and recuse 
themselves from discussions that are deemed 
to represent a conflict.

Importantly, members must have a record 
of working collegially in groups. Although 
candid discussions and differences of opinion 
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       . Fig. 3 When getting a CPG panel up and running, there are a lot of  disparate inputs to place in some sort of 
rational order. (Giovanna Giuliano)

are expected and necessary aspects of the 
CPG process, members must be able to listen 
as well as speak, accept group decisions or 
votes without perseverating, consider differ-
ences as professional rather than personal 
issues, and publicly support the panel consen-
sus recommendations.

Once the initial CPG is empaneled, addi-
tional expertise may be identified and new 
members added as necessary. CPG member-
ship should be a flexible process with mem-
bers added or retired as expertise needs change 
and as member performance may suggest that 
some choices were not a good match for the 
panel.

3.3  Administrative Support Team

Most CPG panels have administrative profes-
sionals who support the panel in a variety of 
ways, including organizing meetings, setting 
deadlines, holding members accountable for 
assignments, producing cogent summaries of 
meeting minutes and panel decisions, and 
ensuring that that the decisions of the panel 
discussions are accurately reflected in the revi-
sions of the CPG in progress. The administra-
tive team also includes members who support 
technical aspects of preparing the versions of 

the document, such as proper referencing, 
preparation of visually appealing tables and 
figures, and for online CPGs, website posting 
that includes initial document linking from 
text to graphics and vice-versa. Skills they 
need include medical editing, medical or 
health-related experience, and strong project 
management experience. Prior experience in 
managing a team of volunteer members and 
holding them to deadlines, scheduling panel 
and subcommittee meetings, overseeing the 
budget, and managing contractors is useful 
(Saag et al. 2018, 2020) (. Fig. 3).

4  Sources of Information

In CPG development for well-established dis-
eases, evidence is generally drawn from data 
published in well-regarded peer-reviewed 
journals selected by the panel. Abstracts from 
scientific conferences and expert opinions are 
often considered too preliminary, brief, and 
variable to be acceptable, and such informa-
tion may change after submission and review 
by academic journals.

In public health emergencies, healthcare 
practitioners and patients need to have access 
as quickly as possible to information that is as 
reliable as possible given the early state of 
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knowledge. In addition to published articles, 
then, CPG panels may seek access to confer-
ence abstracts, unpublished manuscripts, 
safety reports, and government communica-
tions, and in some cases, they will consider 
press releases, news stories, blogs, and social 
media posts. The latter sources, of course, 
must be used carefully. CPGs need to develop 
a systematic method to collect information 
from credible sources, starting with conven-
tional literature searches in databases like 
PubMed or Embase (Institute of Medicine 
2011). Finding a way to monitor and review 
all other sources of information, particularly 
those that are not usually peer reviewed, like 
preprints, is a challenge without an easy 
answer. Some new pathogenetic, epidemio-
logic, or clinical trial data are so striking that 
a responsible CPG should not wait for a jour-
nal to publish the data, or even until the data 
are published online. Some panels perform 
their own peer review of unpublished manu-
scripts and other evidence, especially when the 
research team is willing to present the data, 
answer questions, or both. These CPGs need a 
well-defined, comprehensive process for 
obtaining and analyzing data, but they may 
also be flexible when information comes to 
them in various formats, if  the panel is able to 
satisfy itself  that the data are reliable and rel-
evant (Canadian Task Force on the Periodic 
Health Examination 1979).

4.1  Decision-Making Process

The CPG sponsor(s) and leadership needs to 
determine how decisions for recommendations 
will be made. Recommendations are best made 
by consensus of the full panel, based on initial 
recommendations from subcommittees if appli-
cable. Some CPGs have a formal voting process, 
with or without publication of the actual voting 
tally. How decisions are made should be 
described in the methods, but the discussions 
among members leading up to the recommen-
dation should be confidential to allow frank 
discussions and encourage members to be open 
minded about changing their minds in the face 
of convincing arguments or evidence.

4.2  Rating the Recommendations

An important part of developing a CPG is 
determining a rating scale for the recommen-
dations. All recommendations are based on 
some sort of evidence, which can range in 
assumed rigor from numerous, well- conducted 
RCTs down to biologic plausibility or the 
panel’s analysis of accumulated experience 
(expert opinion).

Various systems for rating recommenda-
tions have been used, from the relatively 
restrictive GRADE (Grading of Recommen-
dations, Assessment, Development, and Eval-
uations) system (Guyatt et al. 2008) to those 
unique to specific CPGs that provide ratings 
for the strength of the recommendation and 
separately for the quality of the evidence sup-
porting that recommendation (see . Fig. 4). 
Rating the quality of the evidence is relatively 
straightforward from the data used to support 
the recommendation and cited in the docu-
ment. Rating the strength of the recommenda-
tion, however, is not so simple. Some of the 
most robust discussion at CPG meetings 
involves how to rate the strength of a recom-
mendation, often related to the difficulty of 
distinguishing between the strength of the rec-
ommendation and strength of the evidence. A 
recommendation may have high-quality evi-
dence (e.g., from numerous well-designed 
RCTs) but still have a weak recommendation 
from the panel. Likewise, the evidence may be 
based on biologic plausibility or expert opin-
ion (low quality) but have a strong recommen-
dation from the panel, such as a strong 
recommendation for the use of a parachute 
for jumping from an aircraft with only weak 
supporting evidence (Yeh et  al. 2018). Panel 
leadership and members need to apply the 
designated recommendation rating system 
consistently.

In an emerging public health crisis, a CPG 
panel may need to adapt previous rating sys-
tems to address the unique circumstances of 
the disease and the available evidence used to 
formulate the recommendations. Regardless 
of which system is used, it should be described 
in the methods section and summarized in a 
table or box.
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       . Fig. 4 Examples of  a strength of  recommendation and quality of  evidence rating scale. (Adapted from 7 https://
www. covid19treatmentguidelines. nih. gov/about- the- guidelines/guidelines- development/) (USG public domain)

4.3  Mitigating Financial 
and Scientific Biases

Panel members must be able to make deci-
sions that are not biased by their individual 
financial or professional commitments. 
Organizations should determine in advance 
what financial relationships will be permitted 
and how potential conflicts will be managed 
(e.g., abstain from certain discussions or rec-
ommendations vs. exclusion from the panel), 
and maintain full transparency regarding the 
panel members’ and the sponsoring organiza-
tion’s relevant financial relationships. The 
panel leadership and members’ relevant finan-
cial relationships should be reviewed fre-
quently and updated in the CPG as necessary.

Scientific bias of members must also be 
considered. Principal investigators of studies 
and funded investigators might be perceived 
as having a conflict of interest in terms of 
interpreting their own trial data or the data of 
competing studies when formulating a treat-
ment recommendation. Although there are no 
absolute rules on when panel members with 
such potential conflicts should recuse them-
selves or be excluded, potential commitments 
to specific scientific approaches need to be 

considered to ensure a balanced and rational 
decision process about recommendations.

Decisions to exclude individuals with cer-
tain potential conflicts from panel member-
ship, or to recuse them from certain 
discussions, often involve detailed consider-
ation of the exact nature of the financial or 
scientific conflict. Such decisions are often 
based on qualitative assessments that not all 
adjudicators will necessarily agree on. There 
should be clear standards on what kind of 
relationships and over what period (e.g., in the 
past 3 years) are permitted or require absten-
tion from panel deliberations to help with 
managing potential conflicts.

4.4  Sources of Evidence

In the earlier era of CPG development and 
still with some CPGs for well-established dis-
eases, data usually had to be published in a 
peer-reviewed journal to be considered as 
acceptable evidence for developing CPG rec-
ommendations. In some of these cases, data 
from abstracts presented at scientific confer-
ences are considered too preliminary and too 
brief  to be acceptable.
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Especially during public health emergen-
cies, healthcare practitioners and patients 
need to be aware of new information and all 
pertinent evidence as quickly as possible. As a 
result, CPG members may want to review 
abstracts, preprints, government communica-
tions, safety reports, unpublished manu-
scripts, press releases, news stories, and social 
media posts, as well as published medical lit-
erature. A crucial source of trial result infor-
mation before it is publicly available may be 
the trial team itself.

CPGs need to develop systematic meth-
ods to collect information from credible 
sources that start with conventional literature 
searches from databases such as PubMed or 
Embase. Finding a way to monitor all the 

other releases of  information in a compre-
hensive way is a challenge without an easy 
solution. Some new clinical trial data are so 
striking that a responsible CPG should not 
wait for a journal to publish the trial, even 
online. Many panels feel that they can pro-
vide their own peer review of  unpublished 
manuscripts, especially if  amplified by pre-
sentations of  the data with opportunities to 
question the research team. CPGs need a 
well-defined process for obtaining and ana-
lyzing data, a process that is flexible enough 
to accommodate circumstances in which 
information comes in various formats if  in 
fact the panel is confident in the reliability 
and validity of  such data (Institute of 
Medicine 2011) (see . Fig. 4).

Box 1: Elements to Describe in the Methods Section of Clinical Practice Guidelines
 5 Type of  evidence to be considered (or ex-

cluded)
 5 Evidence identification
 5 Literature search
 5 Other sources that are considered, such as 

abstracts presented at peer- reviewed scien-
tific conferences, unpublished manu-
scripts, safety reports, personal communi-
cations, press releases, social media

 5 Selection process for the panel members, 
including

 5 Subject matter experts
 5 Representation of  the biologic systems af-

fected

 5 Representation of  the communities af-
fected

 5 Representation of  other stakeholders
 5 Expertise
 5 Management of  potential conflicts of  in-

terest
 5 Decision-making process: consensus, vot-

ing, etc.
 5 Process for rating the recommendations
 5 Strength of  the recommendations and 

quality of  the supporting data
 5 Other rating system relevant to the condi-

tion or disease

4.5  Readability: Format, Text, 
and Supplemental Materials

It is imperative that the CPG be user-friendly. 
For web-based material, because of the per-
ception of unlimited space, there is a tempta-
tion to provide extensive details. This can 
make the writers’ tasks a bit easier but not 
necessarily so for the CPG users. Excessively 
long documents are unlikely to be read thor-
oughly by most of the intended audience. 
Readers are usually most interested in the rec-

ommendations and the details primarily for 
the studies that were pivotal to make the rec-
ommendations. In some cases, discussion of 
the subtleties that are not apparent from read-
ing the literature may be included if  they had 
a major impact on a particular recommenda-
tion. Some other relevant studies can be 
included in references, but a CPG should not 
attempt to be a comprehensive review article 
or compendium of references that are simply 
confirmatory or are not relevant to specific 
recommendations.
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The discussion for each recommended 
approach or treatment needs to describe the 
benefits and any risks and include discussion 
of any circumstances that require particular 
attention (e.g., the presence of comorbidities, 
age- sex/gender- or race-related differences, 
pregnancy, and socioeconomic factors). 
Recommendations should be clearly articu-
lated, using the term “recommended,” even if  
panel members assume the recommendation 
should be implicit to the reader. Use of lan-
guage that suggests the user “consider” a spe-
cific intervention is generally not helpful and 
should be avoided. It is more useful for the 
statement to clarify under what circumstances 
a modified recommendation would not apply 
or to recommend an alternative. For example, 
“XYX is recommended in adults with HIV 
(rating AIa). However, XYZ is not recom-
mended for adults with HIV who are receiving 
treatment for active tuberculosis infection 
(rating BIIa).”

As to editorial style, the CPG sponsor may 
have its own in-house style or use one of the 
established style manuals such as the Chicago 
Manual of Style or the AMA Style Guide. The 
panel members charged with drafting sections 
and recommendations should have a general 
overview of the style and format so there is 
some consistency across the document. In 
terms of terminology, each sponsor usually 
has preferred terminology, although some 
general suggestions are as follows.
 1. Use “people first” language such as “peo-

ple with HIV” rather than “HIV- infected 
people.”

 2. Similarly, avoid characterizing people by 
their conditions. “People with diabetes” is 
preferred over “diabetics”; “patients with 
cirrhosis” rather than “cirrhotics”; “peo-
ple who inject drugs” rather than “drug 
abusers.”

 3. Out of respect and gratitude to the indi-
viduals who agree to participate in scien-
tific studies that advance knowledge in the 
field, the individuals should be referred to 
as study “participants” or “volunteers” 
and not “subjects.”

Tables, boxes, and figures, especially those 
that summarize the recommendations (with 

ratings) are particularly useful to the reader, 
recognizing that many readers have neither 
the time nor the focus to read detailed analy-
ses. Over time, as the online CPG becomes 
more detailed and complex, it is increasingly 
important to harmonize and update recom-
mendations across all relevant sections, 
including tables, figures, and references. Sim-
ilarly, as the document evolves, the outdated 
and less useful sections and graphics need to 
be retired. Drugs that were widely consid-
ered and discussed at one time may be com-
pletely irrelevant a short time later 
(Henderson 2021). Summarizing the most 
recent updates in a table and at the begin-
ning of  the CPG, prominently showing the 
date of  the update, and in some cases high-
lighting updates (with the date) are extremely 
helpful for the user to rapidly locate any new 
recommendations or  ratings. Some CPGs 
maintain a separate table of  all updates over 
time, by date.

4.6  Publication and Dissemination 
of CPG

Publication of a CPG in a respected peer- 
review journal has been the traditional 
approach to CPG dissemination and still has 
considerable value for the reader, the field 
overall, and the sponsoring organization. 
However, for public health emergencies, there 
is a need for a CPG that is accessible to a wide 
audience beyond one journal’s audience, in a 
format that can be updated quickly and regu-
larly, as needed.

In urgent diseases, publishing a CPG in a 
traditional journal runs the risk of providing 
outdated information as soon as the CPG is 
published. Several organizations created 
online platforms for their CPGs with specific 
web addresses that can be easily searched for 
and accessed. Examples include Clinical Info 
HIV Clinical Guidelines (7 https://
clinicalinfo. hiv. gov/en/guidelines), the NIH 
COVID-19 CPG (7 https://www. 
covid19treatmentCPGs. nih. gov/), and the 
IDSA/AASLD/IAS-USA- HCV (7 https://
www. hcvguidelines. org/). These web 
addresses can also be publicized by media 
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outreach via journals, press releases, Twitter 
(now X), and Facebook, as well as on organi-
zational websites.

4.7  Managing a Web-Based Living 
Document

For web-based CPGs in urgent and rapidly 
evolving areas, updates need to be done as 
often as required to maintain currency of the 
CPG. The CPG needs ongoing surveillance to 
ensure that the organization of the CPG site is 
logical and easy to access and use.

Sections of the web-based CPG can 
quickly become out of date. In addition, panel 
membership may change, new potential con-
flicts of interest may arise, references may 
need updating, and tables, boxes, and figures 
may need harmonization with updated text. 
Harmonization is particularly important as 
the CPG grows in complexity overtime. A 
simple change may well require updates in 
several parts of the document as well as in 
tables, figures, boxes, and supplementary 
material. It is essential to ensure that all mate-
rials and statements in the CPG are consis-
tent. Maintaining the CPG so that it is 
accurate, consistent, and current requires ded-
icated support and attention to detail.

4.8  Lifespan of a CPG

The goal of all CPGs is to serve their target 
audience to improve patient outcomes. 
Success, therefore, is best measured by utiliza-
tion data and user feedback. For a web-based 
CPG utilization data typically includes the 
number and type of users who access the 
CPGs. Beyond simply recording the number 
of “hits” or downloads from the website, met-
rics such as length of time on the webpage, 
visitation to linked sites, table viewing, and 
number of pages viewed per visit can be use-
ful. User feedback can be solicited formally 
on the live website or can be sought via sur-
veys. Letters to the editors or other forms of 
direct communication from the end users 
serve as an effective quality assurance service. 

Feedback from other stakeholders is another 
way to measure success. Federal agencies and 
funders, such as insurance companies, along 
with the public, all have an interest in the 
effectiveness, accuracy, and efficiency of 
CPGs.

Based on feedback from the CPG leader-
ship and panel members as well as these other 
sources, the CPGs can be kept updated and 
relevant. The feedback also can indicate when 
the CPG may not be needed any longer. In 
certain instances, the clinical disease state is 
either no longer a problem or has become 
straightforward in approach to management, 
making the web-based, frequently updated 
CPG and urgent attention of the volunteers 
panel no longer necessary. In such instances, 
the CPG should be “sun-setted” and put out 
to pasture, or, if  appropriate, published only 
as needed in the more traditional literature. If  
the website is left online for historical pur-
poses, notice that the CPG is not being actively 
updated and the date of last update should be 
displayed prominently on the website.

5  Conclusion

CPGs are especially important in improving 
care outcomes in the setting of new and rap-
idly evolving medical conditions and require 
innovative approaches in development and 
distribution. The lack of an existing base of 
knowledge of effective treatment, along with 
rapid explosion of new information, much of 
which is conveyed before the peer-reviewed 
standard of medical literature takes place, 
makes it difficult to ensure care is optimal. 
CPGs in this setting can be developed by tak-
ing lessons from prior instances of creating 
CPGs during other emerging diseases. CPGs 
for HIV, HCV, and COVID-19 can be used as 
current exemplars; future CPGs can adopt 
approaches used in prior public health emer-
gencies to develop, update, and communicate 
effective recommendations to healthcare 
practitioners.

Appointing leaders and representative 
panel members with expertise in the field and 
prior CPG development experience who are 
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able to collaborate under the pressure of rapid 
change, along with experienced staff, are key 
to this effort. Transparency in the process and 
instituting standards for mitigating any poten-
tial conflicts of interest are essential as well. 
Finally, defining methods of collating and 
reviewing all relevant evidence, which may 
include abstracts, preprints, and other early 
data, along with a process of rapid dissemina-
tion such as that afforded by internet-based 
platforms, can enable successful implementa-
tion of this crucial activity. At the time of this 
writing, dissemination of recommendations 
via a web-based platform—something not 
imagined possible even 30 years ago—allows 
immediate updates with free and widespread 
access to all users worldwide. With the rapid 
advances in new technologies, however, GPG 
sponsors need to continue to evaluate the best 
ways to disseminate their CPGs.

As we can anticipate continued rapid 
change in the current COVID-19 pandemic 
and in future ones, applying the lessons 
learned and implementing new strategies as 
necessary is vital to our field.

? Discussion Questions
 1. Conflicts of interest: Financial rela-

tionships between commercial entities 
and panel members and leaders may 
include research support, consultancy, 
stock options or ownership, payment 
for speeches, employment, and pay-
ments for work on data and safety 
monitoring boards (DSMBs), among 
other possibilities.
 (a) How should such relationships 

and possible financial conflicts of 
interest be managed for a CPG 
panel: Is disclosure enough? Are 
any financial relationships accept-
able? Are there some relationships 
that are more allowable than oth-
ers are? Should there be a dollar 
amount threshold? Should panel 
leadership be held to a different 
standard than members?

 (b) How might conflicts of  interest 
unduly influence CPG discus-
sions? (Same discussion points as 
above.)

 2. Evidence used in creating CPGs: In 
urgent public health crises, new infor-
mation emerges quickly but not always 
reliably.
 (a) What types of  review and validation 

might be important for including 
data that are not peer reviewed? 
Create a rating scale for the strength 
of  the recommendations, quality of 
the evidence, and other parameters 
that can be used in this setting.

 3. Delivering CPG Content in Urgent 
Public Health Crises: Although the 
World Wide Web was only launched in 
the early 1990s, it did not begin to be 
the everyday tool we know today until 
about 2000. The internet has made 
instant access to information available 
to almost anyone with access to a com-
puter, which as discussed in this chap-
ter, has been essential for CPGs in 
urgent public health crises.

 (a) Discussion: Look forward to 
20  years from now. In what ways 
might technology have evolved to 
deliver credible CPGs that are 
widely accessible and user friendly 
to their various audiences?
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V

Methodology for 
Research Response
Peter G. Smith  

Overview of Book Section V: The major methodologies applicable in 
research response to an infectious disease outbreak are described, 
illustrating that effective response is by necessity an interdisciplin-
ary endeavor.

Arthur Reingold (7 Chap. 21) emphasizes the crucial role of the 
rapid implementation of observational epidemiologic studies, 
often done in conjunction with laboratory, environmental and 
behavioral investigations. Well-designed epidemiologic studies are 
crucial, particularly, but not only, in the early stages of an out-break 
or epidemic, and may guide the development and implementation 
of both non-pharmaceutical interventions and medical counter 
measures (MCMs) that can ameliorate or put a stop to the outbreak.

Bjarke Frost Nielsen et al. (7 In Focus 21.1) emphasize the impor-
tance of very early studies to estimate the percentage of infected 
individuals responsible for most (80%) of transmissions. The so-
called “super- shedders” are a characteristic of many infectious dis-
eases, including SARS-CoV-2, for which about 10% of those 
infected were responsible for 80% of transmissions. Knowledge of 
their role is important, not only in designing control strategies but 
in modeling the likely development of an epidemic.

Rebecca Kahn et al. (7 Chap. 22) outline design considerations for 
trials of vaccines as part of epidemic response, including classic ran-
domized controlled trials and adaptive and other designs tailored 
to the nature of the epidemic. In this regard, Natalie Dean and Ira 
Longini (7 In Focus 22.1) discuss the advantages and disadvantages 
of the “ring trial” design, illustrated through the first use of the 
design for the “Ebola Ça Suffit” ring trial successfully implemented 
in Guinea to evaluate the first vaccine against Ebola disease.
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Michael Proschan and Birgit Grund (7 Chap. 23) review the very 
important role that Data Safety and Monitoring Boards (DSMBs) 
have in trials of interventions, including vaccines and therapeu-
tics, especially with respect to early identification of efficacious, 
non-efficacious or unsafe interventions, so that further research 
and/or rapid deployment of the intervention can be considered. 
Proschan and David DeMets (7 In  Practice 23.1) illustrate the 
demanding, complex task of the DSMB for the PALM trial of four 
potential therapeutics in the DRC, which was conducted despite 
minimal basic infrastructure, widespread popular suspicion and 
hostility, and outbreaks of violence.

Mathematical modeling has increasingly become an essential 
component of planning for and responding to infectious disease 
outbreaks. Bradford Greening and Martin Meltzer (7 Chap. 24) 
introduce the principal types of mathematical models used to 
inform infectious disease response, along with best practices for 
communicating conclusions to decision makers. Modeling, though 
limited in the early stages of an epidemic by fragmentary data, can 
provide early insight into possible futures, including best- and 
worst-case scenarios, which may inform intervention strategies 
and can provide increasingly reliable guidance on likely outcomes 
as more data become available. With respect to mathematical 
modeling of the COVID-19 pandemic, Natsuko Imai et al. (7 Chap. 
25) summarize some of the advanced analytics and mathematical 
modeling used, focusing on key retrospective analyses and pro-
spective modeling approaches. Joseph Wu and Corey Peak (7 Case 
Study 25.1) describe how mathematical modeling was used to 
rapidly assess a proposed yellow fever vaccination campaign with 
reduced vaccine dosage to ameliorate supply shortages—cor-
rectly predicting the strategy would prevent more infections than 
using the available vaccine at standard dosage.

Finally, Nina Gobat and colleagues (Chap. 7 26) note that infectious 
disease outbreaks are social events as much as biomedical ones and 
review principles and practices for rapidly generating evidence 
about social and behavioral dynamics in health emergencies. 
Credible and robust social and behavioral studies contribute to a 
holistic understanding of the social complexities involved in disease 
transmission, prevention, and control. Their rapid initiation and 



I

analysis is likely to be relevant to both policy and response, includ-
ing providing guidance for messaging and avoiding potential 
missteps with stakeholder communities.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 What observational epidemiological study 
designs can be employed to quickly assess 
the effectiveness of public health, clinical, 
or medical countermeasure intervention 
modalities in reducing disease transmission 
and the need for hospitalization

 5 How well-designed and efficiently executed 
observational studies guide the develop-
ment and implementation of effective inter-
ventions

 5 Major threats to the validity of such studies 
and how to minimize these threats

 5 The prerequisites for carrying out studies 
that evaluate the impact (or lack thereof) of 
policies and what study designs can be 
employed

1  Introduction

The subject of  this chapter is observational 
epidemiology in the context of  investigating 
and responding to an outbreak, epidemic, or 
pandemic. Laboratory and environmental 
studies (7 Chap. 9); behavioral, anthropo-
logical, and other social science studies 
(7 Chap. 26); mathematical modeling 
(7 Chap. 24); and experimental studies (i.e., 
randomized trials of  therapies and vaccines) 
(7 Chap. 22) may also be critically impor-
tant components of  the research carried out 
in the context of  an outbreak or epidemic/
pandemic. Because those topics are all 
addressed in other chapters, they will not be 
covered here, although the observational 
epidemiological studies discussed here are 
almost invariably conducted in conjunction 
with, benefit from, or provide benefit to such 
studies.

Modern-day epidemiological investiga-
tions of  outbreaks of  infectious diseases 
typically involve the collection and testing 
of  specimens from patients, the environ-

ment, or both, as well as the application of 
sophisticated laboratory methods for patho-
gen discovery, identification, or subtyping, 
in an earlier era, epidemiological studies 
alone often provided important insights 
into the epidemiological features of  infec-
tious diseases and informed prevention 
efforts. Thus, John Snow’s well-known nine-
teenth-century research on cholera in 
London (. Fig.  1) identified water as the 
source of  illness and helped lay the founda-
tions for epidemiology as a discipline (Snow 
1854).

Perhaps less well known to many is the 
work of  Peter Panum, who investigated an 
epidemic of  measles on the Faroe Islands in 
1846 and showed that the incubation period 
was 10–14 days; patients are infectious dur-
ing the prodromal stage (after the first symp-
toms appear but before the diagnostic 
features of  the disease appear) and early in 
the course of  their illness but not at the time 
of  desquamation (i.e., subsequent peeling of 
the skin); the immunity produced by measles 
is lifelong; and there is little or no transmis-
sion by fomites (Panum 2018). Similarly, in 
1846, Ignaz Semmelweis observed that puer-
peral sepsis, an almost universally fatal post-
partum group A streptococcal infection, 
occurred at a much higher rate among women 
delivered by medical students and doctors, 
who often came to the delivery suite straight 
from the autopsy suite, than among women 
delivered by midwives (Carter and Carter 
2019). He then showed that having medical 
students and doctors wash their hands with 
chlorinated lime between the autopsy theater 
and the delivery room reduced the mortality 
rate from puerperal sepsis by 90%, to a rate 
comparable to that among women delivered 
by midwives.

Thus, while modern investigation of out-
breaks and epidemics of infectious diseases 
almost invariably benefits from close collabo-
ration with the laboratory and often benefits 
from the results of a parallel environmental 
investigation, observational epidemiological 
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       . Fig. 1 John Snow’s famous map, centered on the Broad Street pump in London and displaying recorded cholera 
cases as black bars. (Snow 1854) (Public domain)

Box 1: Confounding
Confounding provides an alternative 
explanation for an observed association 
between an exposure (X) and an outcome. 
It occurs when the observed association is 
distorted because the exposure is also cor-
related with another risk factor (Y). This 
risk factor Y is also associated with the 
outcome, but independently of  X, the 
exposure under investigation. As a conse-
quence, the estimated association is not 
the same as the true effect of  exposure X 
on the outcome.

studies, when well-designed, conducted, and 
analyzed, can guide control and prevention 
efforts. A somewhat more recent example, 
that of Brainerd diarrhea, reinforces this 
point (Mintz 2003). Despite multiple attempts 
by modern laboratories to identify the etio-
logic agent that causes this severe, often 
chronic watery diarrhea, the etiologic agent 
has never been identified. Nevertheless, in 
multiple outbreaks, a common source (e.g., 
untreated water or raw milk) has been identi-
fied by an observational epidemiological study 
and appropriate interventions developed and 
implemented.
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Because of  the ever-present threat of  various 
forms of  bias, especially confounding, obser-
vational epidemiological studies are seen as 
inferior to and to produce a lower quality of 
evidence than randomized trials. Everyone 
who has taken an introductory epidemiology 
course or read an epidemiology textbook will 
be familiar with the axiom “correlation does 
not prove causation” or a variation of  that 
phrase. While the concept is valid, it remains 
the case that many important epidemiologi-
cal questions about a disease can never be 
subjected to a randomized trial, for either 
practical or ethical reasons. Fortunately, well-
designed and carefully implemented observa-
tional studies can often provide useful and 
reliable answers to such questions, particu-
larly in the context of  an outbreak or epi-
demic.

2  Types and Sequence 
of Observational 
Epidemiological Studies

2.1  Types of Observational 
Epidemiological Studies

Epidemiological studies that do not involve 
randomly assigning individuals or groups to 
one or more treatment groups can be classi-
fied into six broad types in terms of their 
design, although these types comprise impor-
tant subtypes and hybrids. While it is beyond 
the scope of this chapter to provide the detail 
concerning various study designs that are 
found in standard epidemiology textbooks 
(e.g., Essentials of Epidemiology in Public 
Health; Aschengrau and Seage III, Third Edi-
tion and Modern Epidemiology, and Roth-
man, Greenland, and Lash, Third Edition), 
the key attributes of the various types of 
observational epidemiological studies are 
summarized in . Table 1. With the exception 
of descriptive epidemiological studies, all of 

these study designs are used to test hypotheses 
concerning the relationship between one or 
more exposures and one or more outcomes of 
interest, as well as to quantify such relation-
ships. In the context of an outbreak, epidemic, 
or pandemic, the outcome(s) of interest might 
include transmission of the infectious agent; 
infection, whether symptomatic or asymp-
tomatic; illness; and severity of illness, as 
measured by signs and systems, the need for 
hospitalization or intensive care, or death. 
The choice of an appropriate study design 
may be influenced by many factors, including 
the time needed to complete the study, the 
resources available, and ethical consider-
ations, among others.

2.2  Sequence of Observational 
Epidemiological Studies

Several factors are likely to influence the 
sequence and timing of various epidemiologi-
cal studies in the context of an outbreak or 
emerging epidemic, particularly the state of 
knowledge about the etiologic agent—
unknown, suspected, newly identified, a new 
variant (especially germane to influenza and 
SARS-CoV-2), or relatively well understood. 
However, the relative priority for some types 
of information (e.g., response to various treat-
ment regimens) and the timeframe in which 
needed data will be available will often dictate 
when various studies can and should be con-
ducted. Other types of studies, including labo-
ratory investigation to identify the causative 
agent, randomized trials of therapeutic 
modalities and of vaccine candidates, and 
modeling studies, will inevitably proceed 
along their own timelines (these topics are 
covered elsewhere in this volume), but expe-
dited information sharing among investiga-
tors pursuing different disciplinary approaches 
to an emergency is an oft-noted area of weak-
ness in emergency response (Degeling et  al. 
2015; International Vaccines Task Force 2018; 
Lees et al. 2020).
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All epidemiological studies depend on 
having one or more case definitions, whether 
laboratory confirmed or based on clinical or 
epidemiological criteria. Similarly, such stud-
ies depend upon some form of case detection 
or reporting. Given one or more case defini-
tions and a means of identifying cases, case 
reports, and case series can be quickly assem-
bled, often within a few weeks, starting with 
the first steps below and continuing with fur-
ther research.

 5 Development of case definition(s) and 
case finding/case reporting mechanisms

 5 Case reports and case series
 5 Descriptive epidemiologic and clinical 

studies
 5 Studies of risk factors and protective fac-

tors for infection or illness, hospitaliza-
tion, or death, including treatment 
effectiveness and route(s) of transmission/
sources of infection

 5 Studies of the impact of prevention mea-
sures and policies

 5 Studies of vaccine safety and efficacy (clin-
ical trials)

 5 Studies of vaccine effectiveness, duration 
of vaccine-induced protection, and factors 
influencing them

The collation of cases, particularly if  a stan-
dard, unbiased case definition can be 
employed, can quickly (within a few weeks or 
months) enable implementation of descriptive 
epidemiological studies describing the per-
sonal, temporal, and geographic features of 
the cases, as well as clinical information, such 
as signs, symptoms, laboratory test results, 
and outcomes. Concurrently or soon thereaf-
ter, analytic studies of the factors that increase 
or reduce the risk of infection, illness, hospi-
talization, and death are of high priority to 
help guide prevention, control, and treatment 
efforts; the study designs most often employed 
are case-control studies and either retrospec-
tive or prospective cohort studies. These stud-
ies also are critical to determining the route(s) 

and source(s) of infection; secondary attack 
rates; and the reproductive number, R0 (i.e., 
the expected number of new infections directly 
generated by one infected individual in a pop-
ulation where all individuals are susceptible to 
infection), among other epidemiological fea-
tures of the disease.

As prevention and control measures tar-
geting individuals and communities are imple-
mented and revised, their impact and 
effectiveness can be assessed, using either 
case-control or cohort studies to measure 
interventions targeting individuals, and using 
ecologic and modeling studies to assess the 
impact of community-level interventions. 
Finally, once a vaccine against the responsible 
etiologic agent has been deployed, many 
dimensions of vaccine effectiveness can be 
examined: effectiveness in various subgroups; 
effectiveness of varying schedules or numbers 
of doses of the vaccine; and effectiveness over 
time or against diverse strains of the etiologic 
agent. Again, the most common study designs 
employed are case-control and cohort studies 
of different types. At the same time, vaccine 
safety, as reflected in adverse events following 
immunization, can be monitored and investi-
gated, again, using case-control or cohort 
studies or one of the case-only study designs. 
These studies, even under the best of circum-
stances, have rarely been feasible until at least 
12–18 months after the onset of an outbreak 
or epidemic caused by a novel agent has 
begun, although they can be undertaken more 
rapidly if  a vaccine against the causative agent 
is already in existence at the time the outbreak 
begins, or if  the ambitious preparedness plans 
currently being considered come to fruition 
(Pandemic Preparedness Partnership 2021).

In any event, it is clear that there will be 
considerable investment, at least in the short 
term, in accelerating outbreak response 
research, including its epidemiological dimen-
sions. Assuring that such research is thought-
fully designed and carefully implemented is of 
high priority.
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3  Case Reports, Case Series, 
and Descriptive Studies

3.1  Case Definitions and Case 
Finding or Reporting

Early in the course of studying any outbreak 
or epidemic (or, for that matter, any illness or 
disease), it is essential to develop one or more 
case definitions that can be employed to clas-
sify individuals as having or not having the dis-
ease under study, so that cases can be tabulated 
and described. Case definitions may or may 

not include laboratory confirmation of the role 
of a specific etiologic agent. In many instances, 
it may be useful to develop and deploy multiple 
case definitions, including definitions for labo-
ratory- or culture- confirmed cases; clinical 
cases; suspect or probable cases; epidemiologi-
cally linked cases; etc. Standardization and 
publication of these definitions allow for 
meaningful comparisons of data collected by 
diverse investigators in equally diverse settings 
and time intervals. See 7 Box 2 for an example 
of an epidemiological case definition formu-
lated for a newly recognized disease that was 
developed for toxic shock syndrome (TSS) 
caused by Staphylococcus aureus.

Box 2: Criteria for Staphylococcal Toxic Shock Syndrome (TSS)
Clinical Criteria
An illness with the following clinical manifes-
tations:

 5 Fever: temperature greater than or equal 
to 102.0 °F (38.9 °C)

 5 Rash: diffuse macular erythroderma
 5 Desquamation: 1–2 weeks after onset of rash
 5 Hypotension: systolic blood pressure less 

than or equal to 90  mmHg for adults or 
less than fifth percentile by age for chil-
dren aged less than 16 years

 5 Multisystem involvement (three or more 
of  the following organ systems):

 – Gastrointestinal: vomiting or diarrhea 
at onset of  illness

 – Muscular: severe myalgia or creatine 
phosphokinase level at least twice the 
upper limit of  normal

 – Mucous membrane: vaginal, oropha-
ryngeal, or conjunctival hyperemia

 – Renal: blood urea nitrogen or creatinine 
at least twice the upper limit of  normal 
for laboratory or urinary sediment with 
pyuria (greater than or equal to 5 leuko-
cytes per high-power field) in the ab-
sence of  urinary tract infection

 – Hepatic: total bilirubin, alanine amino-
transferase enzyme, or asparate amino-

transferase enzyme levels at least twice 
the upper limit of normal for laboratory

 – Hematologic: platelets less than 
100,000/mm3

 – Central nervous system: disorientation 
or alterations in consciousness without 
focal neurologic signs when fever and 
hypotension are absent

Laboratory Criteria for Diagnosis
Negative results on the following tests, if  ob-
tained:

 5 Blood or cerebrospinal fluid cultures 
(blood culture may be positive for Staphy-
lococcus aureus)

 5 Negative serologies for Rocky Mountain 
spotted fever, leptospirosis, or measles

Case Classification
Probable
A case which meets the laboratory criteria and 
in which four of  the five clinical criteria de-
scribed above are present.
Confirmed
A case which meets the laboratory criteria and 
in which all five of  the clinical criteria de-
scribed above are present, including desqua-
mation, unless the patient dies before desqua-
mation occurs.
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At the same time, feasible approaches to 
identifying and reporting possible cases of the 
disease in question are essential prerequisites 
for conducting surveillance for that disease, 
including either passive or active surveillance 
systems. Passive reporting systems tend to be 
faster and less expensive to establish and 
maintain but often lead to incomplete, vari-
able, and biased identification and reporting 
of cases. Active surveillance systems are typi-
cally more expensive to establish and main-
tain, but produce more complete and unbiased 
data. Surveillance systems, whether active or 
passive, may be laboratory-based or clinically 
based (or both) and may or may not be legally 
mandated—that is, there are certain diseases 
that must be reported to public health author-
ities by law in a given jurisdiction. 
Development of a standardized case report or 
case investigation form is also essential to the 
data- gathering process.

3.2  Case Reports and Case Series

In the earliest phase of an outbreak or epi-
demic, case reports and case series can be 
invaluable sources of information about the 
clinical manifestations of and laboratory find-
ings in individuals with the disease. Such case 
reports and case series, which typically are 
generated by those involved in the diagnosis 
and management of the illness in a clinical 
setting, can be used in the development and 
refinement of one or more case definitions. 
They can also be very useful in the generation 
of hypotheses about risk factors and the etiol-
ogy of the disease. As an example, the fact 
that the earliest cases of AIDS occurred in 
sexually active men-who-have-sex-with-men 
and in injection drugs users and hemophiliacs 
led to the development of hypotheses related 
to sexual practices, drug use practices, and 
exposure to blood as possible risk factors for 
the disease (De Cock et al. 2012). At the same 
time, case reports and case series typically 
cannot be used to test such hypotheses, unless 
the risk factor exposure distribution among 

the cases can be meaningfully distinguished 
from the exposure distribution in the popula-
tion from which the cases originated, for 
example by using data from a recent, repre-
sentative population survey. Case series are 
often used to assess the correlation of under-
lying co-morbid conditions or other factors 
(e.g., age, sex, and race/ethnicity) with the 
severity of illness (as measured by the need for 
mechanical ventilation, admission to the 
intensive care unit, or case fatality propor-
tion). In addition, the beneficial or harmful 
effect of a given treatment (e.g., a medication) 
on such outcomes among those with the dis-
ease can sometimes be estimated (see below).

3.3  Descriptive Epidemiological 
Studies

Descriptive epidemiological studies, which 
typically have less clinical information but 
more epidemiological information than case 
series, generally provide details about the per-
sonal (e.g., age, sex, race/ethnicity, occupa-
tion, and socio-economic status), geographic 
(distribution of cases by location of resi-
dence), and temporal (distribution of cases 
over time) characteristics of the cases. Such 
early descriptive studies have been central to 
the early (and subsequent) investigations of 
SARS, Ebola in West Africa, and COVID-19, 
among other epidemic diseases (Aylward et al. 
2014; Novel Coronavirus Pneumonia 
Emergency Response Epidemiology Team 
2020; Zhong et  al. 2003). Beyond providing 
information about the “who, where, and 
when” characteristics of the disease, descrip-
tive studies can help generate hypotheses 
about risk factors for the disease (e.g., if  a dis-
proportionate share of the cases are in health-
care workers). In addition, they may provide 
information about the incubation period (the 
time period between infection and the onset 
of symptoms), the mean serial interval (the 
time period between the onsets of symptoms 
in successive cases in a chain of transmission), 
and other parameters. Descriptive studies can 

561
21 Epidemiologic Research in the Setting of Outbreak Response



 

also provide vital information for modeling 
the likely future course of the outbreak 
(Aylward et al. 2014).

4  Analytic Epidemiological Study 
Designs

While epidemiologists have at their disposal a 
limited number of analytic observational 
study designs, as summarized in . Table 1, all 
of them have been and can be used success-
fully in the context of an outbreak or epi-
demic to answer important questions 
concerning individual-level risk factors for 
infection, illness, hospitalization, and death; 
the effectiveness and safety of various treat-
ment regimens; the effectiveness at the indi-
vidual level of interventions, including diverse 
non-pharmaceutical interventions and vac-
cines; and the effectiveness or impact of group 
level policies.

4.1  Risk or Protective Factors 
for Infection, Disease, 
Hospitalization, or Death

Early in the course of an outbreak or epi-
demic, analytic epidemiological studies are 
almost invariably used to examine the role of 
various factors in determining the risk of 
infection, illness, hospitalization, or death; 
such studies can also be useful subsequently. 
Cohort, case-control, and cross-sectional 
study designs are all used, depending on the 
circumstances. Case-control studies are often 
deployed first. Because of the speed with 
which they can be designed and carried out, 
the results can be used to inform early devel-
opment and subsequent refinement of preven-
tion and control measures, as well as to assess 
their effectiveness. For example, case-control 
studies of the factors related to development 
of SARS in the community setting in 2003 in 
China, Hong Kong, and Vietnam found that 
exposures associated with an increased risk of 
SARS included having visited a fever clinic; 
eating outside the home; taking taxis fre-
quently; and providing care for a symptom-

atic individual with laboratory-confirmed 
SARS (Lau et al. 2004; Tuan et al. 2007; Wu 
et  al. 2004). Factors associated with a 
decreased risk of SARS included frequent 
mask use in public, frequent handwashing, 
and disinfecting living quarters (Anderson 
et al. 2004). In the COVID-19 pandemic, case- 
control studies in diverse countries found that 
factors such as recent close contact with 
someone with confirmed COVID-19, eating 
or drinking at a restaurant or bar, carpooling, 
and having a child in daycare were associated 
with increased odds of contracting COVID- 19, 
while teleworking, wearing a mask at all times, 
and physical distancing of 1 m or more were 
associated with decreased odds of COVID-19 
(Chu et  al. 2020; Doung-Ngern et  al. 2020; 
Fisher et al. 2020; Galmiche et al. 2021).

Cohort studies of various designs (i.e., ret-
rospective, prospective, and ambi-directional) 
have also been used to study the factors asso-
ciated with the risk of transmission or acqui-
sition of the etiologic agents responsible for 
epidemic diseases. For example, studies of 
hemorrhagic fever viruses, such as Ebola, 
have demonstrated that an increased risk of 
infection is related to direct physical contact 
with patients or the cadavers of those who 
had died of Ebola, with exposure to body flu-
ids conferring additional risk (Aylward et al. 
2014; Brainard et al. 2016; Dowell et al. 1999; 
Robert et  al. 2019; Tiffany et  al. 2017). An 
exceptionally large cohort study (12 million 
adults) in England assessing risk factors for 
acquisition of SARS-CoV-2 infection and the 
development of COVID-19 has, interestingly, 
found that among adults ≤65 years of age, liv-
ing in the same household with children was 
associated with a small but statistically signifi-
cant increased risk of reported SARS-CoV-2 
infection and COVID-19 outcomes during the 
second wave of the epidemic there, but not 
during the first wave (Forbes et al. 2021).

Cross-sectional studies have been used in 
the context of a pandemic to measure the 
prevalence of current infection, serologic evi-
dence of past infection, and risk factors for 
infection with SARS-CoV-2. One such study, 
in San Francisco, California, found an esti-
mated prevalence of current infection of 2.3% 
and an estimated cumulative incidence of 
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6.1% (Routledge et al. 2021). Risk factors for 
infection included Latinx ethnicity, inability 
to shelter in place and maintain income, front-
line service work, unemployment, and house-
hold income <$50,000/year (Rubio et  al. 
2021). Similarly, a multistate study in the U.S. 
demonstrated that the prevalence of SARS- 
CoV- 2 infection was higher in adolescents 
(10–19 years of age) and youth (15–24 years 
of age) than in older adults (≥60 or ≥65 years 
of age) during a surge in cases (Rumain et al. 
2021).

4.2  Case Contact Investigations

Case contact investigations, which are a form 
of cohort study, can be invaluable in defining 
a number of features of an epidemic or pan-
demic disease, providing essential inputs into 
mathematical models and projections. A good 
example of such studies was an assessment in 
Taiwan of transmission of SARS-CoV-2 
infection by laboratory-confirmed index cases 
to their close contacts. Through follow-up 
and testing of 2761 contacts of 100 individu-
als with COVID-19, investigators were able to 
measure the overall secondary attack rate 
(0.7%), show that only exposures to the index 
case within 5  days of symptom onset led to 
transmission of SARS-CoV-2, and estimate 
the median incubation period (4.1 days) and 
the median serial interval (4.1  days) (Cheng 
et  al. 2020). They were also able to demon-
strate transmission to contacts whose expo-
sure to the index case was exclusively before 
the onset of symptoms in that individual.

For infections that can be transmitted 
from patients to healthcare workers providing 
care to them or working in a healthcare set-
ting, analytic epidemiological studies are 
often employed to assess what factors are 
associated with either an increased or 
decreased risk of acquisition of infection in 
healthcare workers. Case-control studies have 
been employed to examine factors associated 
with acquisition of Ebola, SARS, and 
COVID-19 by healthcare workers (Barakzaie 
2021; Doshi et al. 2020; Lau et al. 2004; Lentz 
et al. 2021; Reynolds et al. 2006). Factors such 
as inconsistent use or availability of personal 

protective equipment (e.g., gloves, masks, eye 
protection, and gowns) and fewer hours of 
infection control training have been associ-
ated with an increased risk of infection among 
healthcare workers for one or more of these 
diseases, while respirator use during aerosol- 
generating procedures has been associated 
with a decreased risk. Interestingly, and per-
haps not surprisingly, some studies of health-
care workers have found substantial evidence 
that extra-occupational (i.e., community) 
exposure may account for many SARS-CoV-2 
infections and COVID-19 cases in healthcare 
workers, rather than occupational exposures 
(Lentz et al. 2021).

4.3  Effects of Treatment Modalities

As noted above, observational analytic studies 
are often used not only to summarize the clin-
ical and descriptive epidemiological features 
of a disease when it first appears but also to 
assess the impact of one or more treatment 
modalities (e.g., antimicrobial or antiviral 
drugs and corticosteroids) on outcomes (e.g., 
mortality). While it is widely recognized that 
in the absence of randomization, such analy-
ses are subject to various sources of bias, par-
ticularly confounding by severity of illness, 
they can nevertheless be informative, espe-
cially before randomized trials can be designed 
and carried out. To take one example, a retro-
spective cohort analysis of mortality among 
recipients of various antimicrobial agents 
showed that individuals who acquired 
Legionnaires’ disease in the first recognized 
outbreak in Philadelphia in 1976 were far less 
likely to die if  they were treated with erythro-
mycin rather than a penicillin or a cephalo-
sporin (Fraser et  al. 1977; Tsai et  al. 1979). 
These results were available to guide treat-
ment of future cases before microbiologists 
were able to cultivate the causative bacterium 
and demonstrate that in  vitro sensitivities 
matched the epidemiologic findings.

On the other hand, such retrospective 
cohort studies may find no benefit from a par-
ticular treatment or even evidence of harm. 
For example, retrospective cohort studies of 
patients with SARS, for which randomized 
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trials were not conducted, suggested that the 
anti-viral drug ribavirin and corticosteroids 
were each associated with possible harm 
(Stockman et  al. 2006). Similarly, observa-
tional cohort studies of patients with 
COVID- 19 suggested that the drug hydroxy-
chloroquine was not beneficial, a result subse-
quently confirmed in randomized trials 
(Rosenthal et  al. 2020). On the other hand, 
many observational cohort studies of the 
effect of corticosteroids on outcomes in 
patients with COVID-19 failed to find the 
beneficial effect demonstrated in subsequent 
randomized trials, perhaps because the obser-
vational studies included COVID-19 patients 
with diverse levels of severity, while the bene-
fit demonstrated in the randomized trials was 
limited to patients with severe COVID-19 
(Figliozzi et  al. 2020; RECOVERY 
Collaborative Group 2020; Sahilu et al. 2021).

4.4  Localized Outbreaks within 
Defined Populations

Within a widespread epidemic or pandemic, 
cases and clusters of cases often occur in set-
tings with a defined population or a limited 
time of exposure. When carefully investigated, 
such cases or clusters can provide valuable 
epidemiologic information about the infec-
tion and its transmission that can otherwise 
be difficult to obtain. For example, studies of 
the transmission (or not) of the etiologic 
agents of SARS and COVID-19 when an 
infected individual had flown on a commer-
cial flight have been able to assess the extent to 
which transmission by asymptomatic vs. 
symptomatic individuals occurs, as well as the 
likelihood of transmission, depending on 
proximity of one’s seat to that of the infected 
individual (Blomquist et al. 2021; Olsen et al. 
2003). Similarly, studies of secondary attack 
rates among household contacts of index 
cases of COVID-19 have quantified the extent 
to which transmission of SARS-CoV-2 occurs 
in this setting, as well as differences in the risk 
of transmission, depending on the age (i.e., 
children vs. adults) of the index case, the 
SARS-CoV-2 variant, and the COVID-19 

vaccination status of the index case (Madewell 
et al. 2021; Peng et al. 2021; Telle et al. 2021). 
Investigations of clusters of cases, such as a 
cluster of SARS cases in the Amoy Gardens 
housing complex in Hong Kong in 2003 or a 
cluster of cases of COVID-19 at a call center 
in South Korea in 2020, have provided strong 
evidence that SARS-CoV-1 and SARS-CoV-2 
can be transmitted by small, airborne parti-
cles over distances exceeding 2 m (Park et al. 
2020a; Yu et al. 2004).

4.5  Sequelae of Acute Infection

While the investigation of most outbreaks 
and epidemics focuses on the immediate, 
short-term health outcomes (e.g., illnesses, 
hospitalizations, and deaths) caused by the 
etiologic agent, there can be a need for studies 
of the longer-term impacts on health or other 
types of sequelae of acute infection. For 
example, there are numerous reports of per-
sistent ill health among COVID-19 survivors 
(so-called COVID-long haulers) with diverse 
clinical manifestations. Longer-term follow-
 up of such individuals, most likely in the form 
of cohort studies, will be needed to character-
ize and quantify the long-term impacts of 
COVID-19 among survivors. Similarly, while 
the Zika virus epidemic of 2015–2016 caused 
large numbers of acute febrile illnesses, it was 
the effects of exposure to the virus in utero 
that led to a World Health Organization 
(WHO) declaration of a Public Health 
Emergency of International Concern 
(McCloskey and Endericks 2017). As a result, 
diverse analytic epidemiologic studies, includ-
ing cohort, case-control, and cross-sectional 
studies, were conducted to assess the relation-
ship between in utero exposure to the virus 
and various developmental and other out-
comes in the fetus or newborn, such as micro-
cephaly, prematurity, low birth weight, and 
fetal death (Brady et al. 2019). These studies 
found a strong association between micro-
cephaly and in utero Zika virus infection, par-
ticularly during the first trimester (Aguilar 
Ticona et  al. 2021; de Araújo et  al. 2016; 
Souza et al. 2021).
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4.6  Vaccine Effectiveness 
and Safety

Measuring the “real world” effectiveness and 
safety of vaccines deployed is almost invari-
ably of interest, whether or not there is an 
outbreak or epidemic (7 Chap. 36). While the 
randomized, placebo-controlled trial(s) dem-
onstrating the efficacy and safety of a vaccine 
that support approval or licensure of that vac-
cine provide critical information about effi-
cacy and safety, they are inherently limited by 
their size, duration of follow-up, and compo-
sition of the study population, among other 
factors. With regard to efficacy, trials leading 
to licensure or approval of a vaccine typically 
have short follow-up, meaning that the dura-
tion of clinical protection afforded by the vac-
cine can rarely be determined. In addition, the 
efficacy of the vaccine in preventing relatively 
rare outcomes (e.g., death from the disease) 
often cannot be calculated with precision, due 
to the small number of such events. Efficacy 
of a vaccine in various subgroups of the pop-
ulation (e.g., by age, underlying illness, and 
race/ethnicity) may similarly be not well char-
acterized in the trial(s) because of the rela-
tively small numbers of such individuals 
included. Moreover, if  new strains or variants 
of the etiologic agent have arisen or become 
more prevalent since the trial was conducted, 
such as the Delta or Omicron variants of 
SARS-CoV-2, the trial results will shed little 
or no light on the efficacy of the vaccine 
against such new strains or variants.

Laboratory studies characterizing the 
immune response (e.g. neutralizing antibody 
levels and in  vitro T cell responses) can be 
helpful in answering such questions, especially 
if  data and samples from a vaccine trial allow 
for the determination of immune correlates of 
clinical protection, but they are not a substi-
tute for direct estimates of vaccine-induced 
protection. Furthermore, the efficacy of a 
vaccine in the “ideal world” of a trial may not 
be identical to the effectiveness of that vaccine 
in the “real world” for diverse reasons.

While estimating the real-world effective-
ness of influenza vaccines, including those 
developed and deployed in the context of the 

2009 influenza A (H1N1) pandemic, provides 
an example of the utility of observational 
studies of vaccine effectiveness, the SARS- 
CoV- 2 pandemic is even more noteworthy for 
demonstrating the utility of such studies. The 
reporting of “breakthrough” SARS-CoV-2 
infections and cases of COVID-19  in fully 
vaccinated individuals, while expected, has 
raised concerns about the effectiveness of the 
various COVID-19 vaccines being deployed in 
countries around the world—concerns that 
have been exploited in many instances by 
those opposing vaccination against SARS- 
CoV- 2 (Bergwerk et al. 2021; Wu 2021). It is 
important to note that the existence of break-
through infections and cases, while proving 
that a given vaccine is not 100% effective 
(which is not surprising, as no vaccine is 100% 
effective), cannot by itself  allow the estima-
tion of a vaccine’s effectiveness, nor can the 
proportion of cases occurring in fully vacci-
nated individuals, at least not without addi-
tional data, such as the proportions of fully 
and partially vaccinated people in the popula-
tions being studied. In a population with 
100% coverage with a vaccine that is 99.9% 
effective, 100% of cases will be in fully vacci-
nated individuals.

There is currently enormous interest in 
measuring the real-world effectiveness of the 
various COVID-19 vaccines that are being 
used globally. As of the end of June 2021, ~70 
such studies had been completed or initiated 
in the United Stats, Canada, Brazil, Israel, 
multiple European countries, and elsewhere. 
Study designs being employed include the 
screening method (in which the proportion of 
cases of the disease in previously vaccinated 
individuals is compared to the coverage with 
the vaccine in the source population), retro-
spective and prospective cohort studies, and 
case-control studies, including test-negative 
case-control studies (i.e., case-control studies 
in which the controls have been selected from 
among those tested for the disease/infection 
and found to be negative). Outcomes being 
studied include documented SARS-CoV-2 
infection, transmission of SARS-CoV-2, 
symptomatic SARS-CoV-2 infection, 
COVID-19 hospitalization, and COVID- 19- 
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related death. Study populations include 
healthcare workers, residents of long-term 
care and skilled nursing facilities, adults in the 
community, and immunosuppressed individu-
als (Haas et  al. 2021; Harris et  al. 2021; 
Moustsen-Helms et  al. 2021; Zacay et  al. 
2021).

The advantage of such observational stud-
ies of vaccine effectiveness is that they can 
answer questions that the randomized trials 
of COVID-19 vaccine(s) were in many cases 
not designed to and could not answer, beyond 
the real-world performance of a given vac-
cine. Among the questions such studies can 
potentially answer are the duration of vaccine- 
induced clinical protection, the effectiveness 
of the vaccines in distinct sub-populations; 
the effectiveness of regimens and dosing 
schedules not examined in the trials (e.g., the 
effectiveness of regimens in which the number 
or spacing of doses differ and the effectiveness 
of regimens comprised of doses of different 
types or manufacturers of vaccines); and the 
effectiveness against variants of SARS-CoV-2 
that were not circulating at the time the trial 
was conducted. These studies, while suscepti-
ble to various forms of bias, particularly con-
founding, will provide information critical to 
informing COVID-19 vaccination policies, 
such as whether, when, and to whom booster 
doses of COVID-19 vaccine should be given, 
as well as the composition of any such booster 
doses. They may also show that one or more 
COVID-19 vaccines or vaccination schedules 
currently being used have an effectiveness that 
is sufficiently low as to lead to re- consideration 
of its use and its replacement by vaccines or 
schedules with higher levels of effectiveness.

Because vaccines are typically designed 
and intended to be given to large numbers of 
individuals, many or most of whom are 
healthy, their safety is of paramount impor-
tance. Given that even a single report of an 
adverse event following receipt of a vaccine 
can, when publicized on social media plat-
forms and in other types of media, markedly 
decrease confidence in the vaccine, provide 
talking points for anti-vaccination propa-
ganda, and decrease vaccine uptake, it is criti-
cally important to monitor vaccine safety; 
investigate reports of adverse events; conduct 

appropriate observational epidemiologic 
studies to test the hypotheses generated by 
such reports; and explain their significance to 
the public.

With very few exceptions, the size of a ran-
domized placebo-controlled trial of a candi-
date new vaccine is determined based on the 
expected incidence rate(s) of the outcome(s) 
the vaccine is intended to prevent, as well as 
the minimum efficacy considered important 
to establish and the desired precision of the 
estimate of the efficacy. Such trials, which 
rarely exceed several tens of thousands of 
individuals (only a subset of whom receive the 
candidate vaccine), have more than adequate 
power to measure with precision the frequency 
of common short-term side effects, such as 
injection site pain and swelling, fever, malaise, 
and headache. However, they are not large 
enough to measure or detect rare but poten-
tially serious adverse events associated with 
receipt of the vaccine, which may not become 
apparent until the vaccine is given to much 
larger numbers (e.g., millions to tens of mil-
lions) of persons.

Rare, but potentially important adverse 
events associated with receipt of a vaccine 
can, therefore, typically only be studied using 
observational epidemiological study designs. 
The need to monitor adverse events following 
administration of vaccines is widely recog-
nized, and wealthy countries like the United 
States have well-established systems for doing 
so, including both passive and active systems. 
The Vaccine Adverse Events Reporting 
System (VAERS), which is co-administered 
by the U.S.  Food and Drug Administration 
(FDA) and Centers for Disease Control and 
Prevention (CDC), is an example of a passive 
reporting system: vaccine recipients, family 
members, and health care providers are all 
encouraged to report any adverse health event 
following receipt of any vaccine (HHS 2022). 
The Vaccine Safety Datalink (VSD), which is 
a joint activity of the CDC and nine health-
care provider organizations, is an example of 
an active adverse event reporting system, 
which uses electronic medical records to iden-
tify events in the days, weeks, and months fol-
lowing administration of a vaccine (CDC 
2020). In the context of the COVID-19 
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 pandemic, these systems have been augmented 
to enhance their ability to detect “safety sig-
nals” and conduct epidemiologic studies to 
test hypotheses generated by reports of 
adverse events following receipt of a vaccine. 
While the importance of having such systems 
in place in low- and middle-income countries 
has been widely recognized and discussed, 
progress in implementing such systems in 
most such countries has been slow, impeded 
by lack of funding and other obstacles 
(Amarasinghe et al. 2013).

Given a hypothesis that receipt of a par-
ticular vaccine is associated with an increased 
risk of an adverse health event, whether gen-
erated by analogy to another vaccine or by a 
report from a patient, family member, or 
health care provider, the observational epide-
miological study designs employed to test 
such hypotheses and estimate the magnitude 
of the risk include cohort studies, case-control 
studies, and case-only studies. Examples of 
these different approaches can be seen in the 
investigation of the hypothesis that receipt of 
the influenza A (H1N1) 2009 monovalent vac-
cine was associated with an increased risk of 
Guillain–Barré Syndrome or of narcolepsy, 
and the hypothesis that receipt of a COVID- 19 
vaccine was associated with an increased risk 
of venous thromboembolism, thrombocyto-
penia, and bleeding.

The hypothesis that receipt of influenza A 
(H1N1) 2009 monovalent vaccine might be 
associated with an increased risk of Guillain–
Barré Syndrome was predicated on earlier 
findings, suggesting that influenza vaccine, 
particularly the 1976 swine influenza vaccine, 
was associated with an increased risk of devel-
oping this syndrome. Both case-control and 
self-control risk-interval (a form of case only 
study in which only vaccinated individuals 
with the adverse event are included) studies 
have been performed for various influenza 
vaccines, leading to estimates of the incidence 
rate ratio or odds ratio and the number of 
excess cases of Guillain–Barré Syndrome per 
million people vaccinated (Vellozzi et  al. 
2014).

When case reports and an increase in the 
incidence of narcolepsy following widespread 

use of pandemic influenza A (H1N1) vaccine 
in 2009–2010 generated the hypothesis of an 
association between receipt of one or more of 
the vaccines being used and narcolepsy, simi-
lar study designs were used to test this hypoth-
esis. Observational epidemiological study 
designs employed included retrospective 
cohort studies, case-control studies, and self- 
controlled case series, again producing esti-
mates of the incidence rate ratio, the odds 
ratio, and the number of cases of narcolepsy 
per million vaccine recipients attributable to 
the vaccine. Only one formulation of an adju-
vanted vaccine was associated with a signifi-
cantly increased risk of narcolepsy (Hallberg 
et  al. 2019; Miller et  al. 2013; Montplaisir 
et al. 2014; O’Flanagan et al. 2014).

More recently, following the rapid devel-
opment, testing, and deployment of  multiple 
types of  COVID-19 vaccine, reports of 
venous thromboembolism accompanied by 
thrombocytopenia and bleeding in recipients 
of  viral vectored COVID-19 vaccines and 
reports of  myocarditis in recipients of  mRNA 
COVID- 19 vaccines were received in Europe 
and the United States. In each instance, the 
earliest attempts to assess the relationship 
between receipt of  the vaccine in question 
and the outcome of  interest have included 
population- based cohort studies comparing 
rates of  the respective outcomes among those 
who have and have not received the vaccine 
of  interest or comparing the incidence rate 
among those who have been recently vacci-
nated with an expected incidence rate, based 
on studies of  similar populations (Pottegård 
et al. 2021). There has been particular inter-
est in making these assessments for vaccine 
recipients of  different ages and sexes, and, 
when appropriate, by dose of  vaccine admin-
istered (i.e., first vs. second), so as to possibly 
guide recommendations concerning use of 
the vaccines in various subpopulations. As 
more safety signals related to the use of  vari-
ous COVID-19 vaccines arise, these and the 
other types of  observational study designs 
alluded to above will undoubtedly be 
deployed to assess the relationship, if  any, 
between receipt of  a vaccine and diverse 
adverse events.
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5  Policies and Structural Factors

Many of the most important policies and 
interventions deployed to prevent or contain 
outbreaks or epidemics do not act at the indi-
vidual level, and thus their effectiveness or 
impact cannot be assessed using analytic epi-
demiologic studies with individuals as the unit 
of observation, such as cohort studies and 
case-control studies. Mathematical modeling 
(7 Chap. 24) can help estimate the plausible 
effects of such policies and interventions 
under various sets of assumptions; ecologic 
studies can be used to detect and directly esti-
mate such effects in certain circumstances. 
While various biases, particularly confound-
ing and the “ecologic fallacy” (when an asso-
ciation between an exposure and an outcome 
at the ecologic/group level is not an accurate 
measure of the association at the individual 
level), are known limitations of ecologic stud-
ies, they do not render such studies useless.

One illustration of how an ecologic study 
can inform efforts to prevent spread of an 
 epidemic infectious disease within hospitals 
was conducted in Guangzhou and Hong 
Kong during the SARS epidemic. The investi-
gators compared environmental and adminis-
trative characteristics of two groups of 
hospital wards—those where a “superspreader 
event” occurred following admission of a 
patient with SARS and those on which no 
transmission of the SARS virus (SARS-
CoV-1) occurred, despite the admission of a 
patient with SARS (Yu et al. 2007). Altogether, 
124 wards in 26 hospitals were included in the 
study. Among the ward-level factors associ-
ated with an increased odds of transmission 
of SARS-CoV-1 on the ward were a minimum 
distance between beds of ≤1  m; administra-
tion on the ward of positive airway pressure 
ventilation; whether resuscitation was ever 
performed on the ward; and whether staff  
members worked while having symptoms, 
while the availability of washing or changing 
facilities for staff  was associated with reduced 
odds transmission.

Ecologic studies have also been used in the 
context of the more recent COVID-19 pan-
demic to investigate the effects of various pol-

icies imposed at the community level to reduce 
transmission of the SARS-CoV-2 virus, poli-
cies that had measurable adverse social, eco-
nomic, educational, and other types of 
impacts. Policies examined using one or 
another form of ecologic study, such as time 
series and difference-in-differences analyses, 
have included school closures, stay-at-home 
orders, mask mandates, international travel 
restrictions, and continuation of on-premises 
restaurant dining, among others. Outcomes 
examined have included both the incidence of 
COVID-19 cases and of COVID-19 mortality 
during various time intervals following imple-
mentation of the policy. As shown in individ-
ual studies and as summarized in a recent 
systematic review of such studies, the policies 
associated with a reduced incidence of 
COVID-19 cases or deaths in a population 
include quarantine and isolation; mask man-
dates; stay at home orders; closures of schools, 
workplaces, and businesses; limiting social 
gatherings; and bans on public events and on 
international travel (Auger et al. 2020; Fowler 
et al. 2021; Guy Jr. et al. 2021; Mendez-Brito 
et  al. 2021). On the other hand, allowing 
indoor dining has been associated with an 
increased rate of growth in the incidence of 
COVID-19 cases and deaths (Zweig et  al. 
2021).

Other strategies deployed in the context of 
a pandemic include temperature and symp-
tom screening of  various groups or in various 
settings, such as travelers, students, and 
employees, in order to identify and exclude or 
isolate those who are infected and could 
transmit the infection to others, with results 
typically reported in terms of sensitivity and 
specificity of  such screening. To date, studies 
of  exit and entry screening, whether for fever 
or for reported symptoms, have shown that 
such screening typically has had very low 
(often zero) sensitivity and very low specific-
ity when applied in the context of  SARS, 
Ebola, pandemic influenza A (H1N1), and 
dengue (Khaksari et  al. 2021; Mitra et  al. 
2020; Mouchtouri et al. 2019; St. John et al. 
2005). Other studies have shown that a policy 
of  initial quarantine accompanied by labora-
tory testing for SARS-CoV-2 infection will 
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detect a high proportion (68–92%) of interna-
tional travelers who are infected (Burns et al. 
2021).

Identification and tracing of contacts of 
an individual with an infectious disease (con-
tact tracing) is a venerable component of 
efforts to control tuberculosis; syphilis, HIV, 
and other sexually transmitted infections; and 
diverse other endemic infections (e.g., hepati-
tis B and leprosy), for some of which effective 
treatment can be administered to contacts, 
preventing disease, onward transmission, or 
both. Contact tracing has also been deployed 
in the context of outbreaks and epidemics, 
such as Ebola and COVID-19. The assess-
ments of the impact of contact tracing for 
Ebola during the 2014–2015 West Africa epi-
demic generally have reported on the propor-
tions of cases for which contact tracing was 
initiated and of cases identified as a result 
(Swanson et  al. 2018). Contact tracing has 
been seen as an integral and an essential com-
ponent of the public health response to the 
COVID-19 pandemic, with substantial 
resources devoted to this set of activities in 
many countries. Assessments of contact trac-
ing (or a testing–tracing–treatment) strategy 
have often focused on calculating the propor-
tions of cases successfully interviewed or 
interviewed within 24 h of reporting; the num-
ber of contacts identified per case and the 
proportion of those contacts successfully 
traced and interviewed; and the proportion of 
contacts interviewed who were tested for 
SARS-CoV-2, positive for SARS-CoV-2, 
monitored, etc. (Bi et al. 2020; Spencer et al. 
2021). Authors have sometimes inferred from 
these data that contact tracing was having a 
“suboptimal impact on SARS-CoV-2 trans-
mission, largely because 2 of 3 cases were 
either not reached for interview or named no 
contacts when interviewed” (Lash et al. 2021).

Other studies have reported on the propor-
tion of SARS-CoV-2 positive individuals who 
were asymptomatic at the time of diagnosis; 
the time from symptom onset to quarantine/
isolation; the proportion of cases with an 
unknown source of infection; the mean num-
ber of contacts of infected individuals; and 
the time-varying reproductive number, show-

ing improvements in some or all of these met-
rics (Liu et  al. 2021; Park et  al. 2020b). A 
retrospective cohort study in Portugal found 
no differences in the number of secondary 
cases per index case or the proportion of cases 
with one or more subsequent secondary cases, 
based on whether or not cases were subject to 
contact tracing and quarantine measures 
before laboratory confirmation of the 
COVID-9 case (Malheiro et al. 2020). An eco-
logic study examining the association between 
national contact tracing policies and 
COVID- 19 case fatality proportions in 138 
countries reported that countries that imple-
mented comprehensive contact tracing had 
significantly lower case fatality proportions 
(Yalaman et al. 2021); however, the methods 
section of the paper did not provide a case 
definition of COVID-19. Increasing the num-
ber of asymptomatic individuals who undergo 
testing for SARS-CoV-2 as a result of contact 
tracing would invariably lower the case fatal-
ity proportion—if a case is defined as anyone 
with a positive test for SARS-CoV-2—but 
without necessarily reducing transmission of 
the virus or improving health outcomes in 
those who are infected. Thus, it is difficult to 
assess whether this association is indicative of 
a beneficial effect.

6  Summary and Conclusion

While Yogi Berra was right that you can 
“observe a lot by just watching,” you can learn 
even more by taking a thoughtful approach to 
identifying important questions that need to 
be answered in the context of an outbreak or 
epidemic to improve knowledge and guide 
treatment and prevention efforts. Outbreaks 
and epidemics represent “natural experi-
ments” and often present unique learning 
opportunities. While some questions concern-
ing treatment and prevention can and should 
be answered using experimental study designs, 
many other equally important questions can 
only be answered using well-designed and 
conducted observational studies, acknowledg-
ing their limitations and possible biases. The 
results of such studies can not only inform 
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medical and public health practices and poli-
cies but can also provide “real world” esti-
mates of parameters used in epidemiological 
modeling and projections. Textbooks and 
“off-the-shelf” protocols, while important 
resources, are not a substitute for having well- 
trained, experienced epidemiologists available 
to formulate important research questions; 
select appropriate observational study designs 
for answering those questions; and imple-
ment, analyze, and interpret the results of 
those studies.

? Discussion Questions
 1. Assessing the effectiveness of treatment 

modalities during a pandemic. A pan-
demic involving a novel pathogen is 
producing substantial morbidity and 
mortality worldwide. While well- 
designed randomized trials of  one or 
more treatment regimens are being 
planned and initiated, there is enor-
mous pressure to assess the effective-
ness of  various treatment modalities 
being employed in clinical settings.  

Question: What observational epi-
demiological study designs can be 
employed to quickly assess the effec-
tiveness of  one or more treatment 
 modalities in reducing the need for 
hospitalization; the need for care in an 
intensive care unit; and death? What 
are the major threats to the validity of 
such studies, and can those threats be 
minimized?

 2. Assessing the impact of population-level 
policies and restrictions put into place 
during a pandemic. In response to pan-
demic spread of  an infectious agent 
globally, countries, states, and locali-
ties often enact policies and restric-
tions (e.g., mask mandates, school 
closures, and travel bans) in an effort 
to reduce transmission of  the infec-
tious agent and resultant illness.  

Question: What are the prerequi-
sites for carrying out studies to evalu-
ate the impact (or lack thereof) of  such 
policies, and what study designs can be 
employed?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Potential mechanisms underlying the phe-
nomenon of superspreading

 5 Superspreading mitigation strategies, 
including those developed through mathe-
matical modeling

 5 The k value of COVID-19 and other infec-
tious diseases

 5 How early determination of the k value of 
a novel pathogen, along with R0, can inform 
outbreak response

 5 Examples of how superspreading varies 
among diseases

1  Introduction

In the spring of 2020, nations around the 
globe responded to the emerging coronavirus 
disease 2019 (COVID-19) pandemic with 
lockdowns of varying stringency. All in all, 
more than half  the world’s population had 
been asked to stay at home by the beginning 
of April (Sandford 2020). As a mitigation 
strategy, lockdowns turned out to be very 
effective, far more so than mathematical mod-
els and experience from past pandemics would 
have predicted (Hatchett et al. 2007; Sneppen 
et al. 2021; Fraser et al. 2011). The explana-
tion behind the unexpected success of lock-
downs turns out to involve a particular feature 
of the transmission pattern of the SARS- 
CoV- 2 virus known as superspreading. It 
refers to the finding that most individuals who 
contract COVID-19 do not transmit the dis-
ease, while a small fraction of them infect 
large numbers of people (Bi et  al. 2020; 
Kirkegaard and Sneppen 2021; Lau et  al. 
2020; Miller et al. 2020; Pozderac and Skinner 
2021; Endo et al. 2020).

In this special focus text, we review the 
role that superspreading plays in determining 
the effects of  interventions. This understand-
ing is critical because early detection of 
superspreading patterns in a future pandemic 
is in fact feasible and translates into possibili-

ties for more effective mitigation of transmis-
sion or even elimination of an emerging 
pathogen.

The superspreading concept has received 
growing attention in recent decades, especially 
following the severe acute respiratory syn-
drome (SARS) outbreak in 2003 where super-
spreading was described as an important 
mechanism of spread (Leo et al. 2003; Lipsitch 
et  al. 2003; Shen et  al. 2004). Now, in the 
COVID-19 pandemic, superspreading is 
understood to be a key feature that must be 
included in models guiding the rapid response 
to the emerging virus.

During the SARS outbreak, superspread-
ing was quickly noted as a defining feature; 
outbreaks were observed to occur in clusters. 
A Singapore study identified more than 100 
secondary cases from only six patients (Leo 
et  al. 2003). This was discussed at the time, 
and several researchers noted the need for 
more detailed models of transmission that 
could realistically incorporate the effects of 
heterogeneities (Dye and Gay 2003; Lipsitch 
et al. 2003). However, the outbreak ended the 
same year, and models able to capture the 
interactions between superspreading and mit-
igation strategies were not developed.

Since 2012, another highly lethal coronavi-
rus has emerged and caused outbreaks, pri-
marily in the Middle East. The “hospital 
superspreading” phenomenon noted with 
SARS was also seen with Middle East respira-
tory syndrome coronavirus, MERS-CoV.  In 
one MERS-CoV outbreak in South Korea, 
one patient caused 23 secondary cases, lead-
ing to major outbreaks in two hospitals. The 
effective transmission may have been associ-
ated with intensive treatment that aerosolized 
the virus (Park et al. 2016).

The phenomenon of superspreading is not 
limited to coronaviruses; one of the very early 
studies of superspreading—preceding the ter-
minology itself—was an ingenious experiment 
involving tuberculosis patients and guinea 
pigs (Riley et al. 1962). The researchers were 
able to show that out of the 77 patients, just 3 
accounted for 73% of the infectious burden 
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(Frieden and Lee 2020; Riley et  al. 1962). 
Furthermore, the experiment conclusively 
showed that this was a result of high biologi-
cal infectiousness since the experimental setup 
ruled out any differences in behavior or envi-
ronmental factors. Many of the patients, 
although smear-positive (i.e., with at least one 
positive respiratory sample prior to the initia-
tion of anti-tuberculosis therapy), were sim-
ply not very infectious, whereas a minority 
was highly infectious. In modern parlance, 
these would be called super-shedders. In gen-
eral, the term superspreading covers a spec-
trum from individuals who are super-shedders 
to circumstantial superspreading events; it 
almost always refers to a combination of 
behavioral, environmental, and biological 
contributing factors. However, some infec-
tious diseases have been shown to be more 
prone to superspreading than others, even 
among respiratory diseases with similar routes 
of transmission (Chen et al. 2021a, b; Fraser 
et  al. 2011; Goyal et  al. 2021; Lloyd-Smith 
et al. 2005). It is thus important to recognize, 
and is widely accepted, that heterogeneous 
transmission is inherent to certain diseases.

2  Early Detection 
of a Superspreading Signature

On March 11, 2020, the World Health 
Organization (WHO) declared COVID-19 a 
pandemic. Even before this date, data had 
been obtained that allowed estimation of the 
overdispersion of transmission, a measure of 
the superspreading tendency of the emerging 
virus (Bi et  al. 2020; Endo et  al. 2020). In 
practice, this is determined by computing the 
relative standard deviation in the number of 
new infections that each infected person gives 
rise to (Lloyd-Smith et  al. 2005; Woolhouse 
et al. 1997). Bi et al. (2020) used contact trac-
ing data recorded in January and February of 
2020 by the Shenzhen Center for Disease 
Control and Prevention and found that just 
9% of infected persons accounted for 80% of 
new infections. Outside China, aggregated 

data from a WHO situation report published 
in late February formed the basis for one of 
the early estimates of the k value (the super-
spreading parameter) of COVID-19 (Endo 
et al. 2020; WHO 2020). It was calculated to 
be around 0.1, a figure which corresponds to 
approximately 10% of infected persons 
accounting for 80% of new infections.

This substantial level of superspreading 
was later corroborated by other studies using 
multiple independent methods from phylody-
namics to analysis of aggregated time series 
(Kirkegaard and Sneppen 2021; Miller et al. 
2020). Clearly, early detection of the level of 
superspreading is possible. With the increased 
attention given to the phenomenon and the 
advances in quantification seen during the 
COVID-19 pandemic, it is likely that such epi-
demiological investigations (7 Chap. 21) into 
superspreading will be even more timely for 
future pandemic threats.

The significance of the basic reproductive 
number, R0, has been recognized for close to a 
century. This is the average number of infec-
tions that each infected person gives rise to in 
a susceptible population. From an epidemio-
logical perspective, there is no other single 
numerical quantity that better characterizes 
the spread of an infectious disease. However, 
in light of our increasing appreciation of the 
importance of variability in transmission, we 
argue that the k value should be adopted as a 
similarly central metric characterizing trans-
mission. A low k value (e.g., approximately 
0.1, as in COVID-19) indicates a high super-
spreading potential, while a higher k value 
(around 1 or greater, as in pandemic influ-
enza) signals fairly homogeneous transmis-
sion. In . Fig.  1, we show characteristic 
chains of transmission arising from a super-
spreading and a non-superspreading disease, 
respectively. The central panel gives examples 
of k values for some respiratory infectious dis-
eases, along with the closely associated metric, 
“Which fraction of infected individuals 
accounts for 80% of next-generation infec-
tions?” If  this number is low, it follows that 
transmission is highly heterogeneous.
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       . Fig. 1 The level of  superspreading varies between 
respiratory infectious diseases. This affects the structure 
of  infection networks, which in turn has implications for 
the effects of  mitigation strategies used to control an 
outbreak. The left and right panels show simulated 
infection networks at different levels of  superspreading. 
In the left panel is a superspreading disease with k = 0.1, 

similar to SARS-CoV-2. In the right panel is a homoge-
neously spreading disease, more akin to pandemic influ-
enza. Both diseases were assumed to have an R0 value of 
3. The central panel shows the superspreading degree of 
three recent coronavirus threats and the 1918 pandemic 
influenza. Lower k values indicate a more pronounced 
tendency toward superspreading. (Nielsen et al. 2021)

3  The Mechanism 
of Superspreading in COVID-19

As we have seen, superspreading has an 
enormous impact on transmission patterns. 
This, in turn, greatly affects the choice of 
suitable mitigation and containment strate-
gies. In some cases, the knowledge that 
transmission is highly heterogeneous is suf-
ficient, and further information on the type 
of  superspreading is not necessary. In other 
cases, the “etiology” is important. In gen-
eral, the mechanisms underlying the phe-
nomenon of  superspreading can be 
categorized into three principal components 
(Althouse et al. 2020):

 5 Biological, owing to highly infectious indi-
viduals (super-shedders).

 5 Social, owing to high numbers of suscep-
tible contacts for some infected individu-
als.

 5 Environmental: high-risk settings and 
activities. This may include environments 
where aerosol transmission becomes more 
likely due to environmental factors such as 
humidity. High-risk activities may include 
behaviors such as singing and certain 

aerosol- generating medical procedures, 
such as bronchoscopy and intubation 
(Davies et  al. 2009; Judson and Munster 
2019; Yu et al. 2007).

For any given respiratory infectious dis-
ease outbreak, the transmission pattern will 
result from a combination of the above fac-
tors. However, for COVID-19, there are by 
now several indications that the observed 
superspreading tendency has a strong biologi-
cal component (i.e., that a subset of infected 
persons become super-shedders). Perhaps the 
most direct piece of evidence for this is the 
very large variation in respiratory viral loads 
seen in SARS-CoV-2-positive individuals. In 
. Fig.  2, we show a viral load distribution 
obtained by Kidd et  al. (2021) showing that 
just 10% of positive individuals accounted for 
90% of the total viral particles. Similarly, 
Jones et  al. (2021) reported that “viral load 
was highly variable” and wrote that “of the 
25,381 positive subjects, about 8% showed 
very high viral loads.” Yang et al. (2021) used 
the term “supercarriers” after finding that 
only 2% of infected students on a Colorado 
university campus accounted for 90% of the 
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       . Fig. 2 Distribution of SARS-CoV-2 respiratory viral 
loads obtained by reverse-transcriptase quantitative 
polymerase chain reaction (RT-qPCR) testing analyzed 
with respect to the N (nucleocapsid) gene. Note that the 
horizontal viral load scale is logarithmic and varies over 

eight orders of magnitude. Just 10% of the population 
were found to harbor 90% of the virions, exemplifying 
the large variability in SARS-CoV-2 respiratory viral 
loads. (Original figure design inspired by Yang et  al. 
(2021) (CC BY 4.0), data from Kidd et al. (2021))

circulating virus. These individuals were all 
asymptomatic or pre-symptomatic, but the 
authors went on to show that the viral load 
distribution among symptomatic patients was 
similar.

In a recent controlled-environment study, 
it was shown that the respiratory viral load of 
a SARS-CoV-2-positive individual is highly 
correlated with the concentration of virions in 
the immediate environment (Parhizkar et  al. 
2021). In other words, high variation in viral 
load between infected individuals is expected 
to coincide with a highly variable number of 
expelled virions. Chen et al. (2021b) ask why 
superspreading drives the COVID-19 pan-
demic but not the influenza A/H1N1pdm09 
pandemic of 2009, and write, “inherently, 
most COVID-19 cases are minimally infec-
tious, but highly infectious individuals are 
estimated to expel hundreds to thousands of 
virions per minute while talking, singing, or 
coughing. Meanwhile, a greater proportion of 
people infected with A/H1N1pdm09 are 
inherently infectious but expel virions at low 
rates.”

4  Superspreading as a Key Factor 
Determining the Effects 
of Mitigation Strategies

Instances of superspreading are inherently 
concerning and it is natural to think that the 
stochasticity conferred by superspreading is 
always bad news. However, recent research 
has shown that a heterogeneous transmission 
pattern actually renders some mitigation 
strategies drastically more effective, while it is 
detrimental to other strategies (Endo et  al. 
2021; Lewis 2021; Nielsen et al. 2021; Sneppen 
et al. 2021).

For a disease characterized by super- 
shedding, the obvious strategy to control it 
should naturally be to prevent highly infec-
tious individuals from causing large out-
breaks—in other words, to prevent them from 
infecting others to their full potential. Some 
authors have therefore suggested concentrat-
ing on finding and isolating super-shedders or 
otherwise taking them out of the equation 
(Althouse et al. 2020; Kain et al. 2020; Lloyd- 
Smith et  al. 2005). However, this seemingly 
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       . Fig. 3 Superspreading renders certain mitigation 
strategies much more powerful while it impedes others. 
In a homogeneously spreading disease, mitigation strat-
egies such as lockdowns, which rely on population- wide 
reductions in contacts, are only expected to “flatten the 
curve.” In a highly heterogeneous (superspreading) dis-
ease, however, such mitigation strategies can be highly 
effective, as long as they target venues where people are 
likely to have many random contacts with persons they 
do not regularly meet. Examples include restrictions 

imposed on bars, restaurants, and public transportation. 
The three upper panels show the course of  a homoge-
neously spreading disease in three scenarios: unmiti-
gated, subject to mitigation of  regular contacts 
(workplace, school classes, etc.), and subject to mitiga-
tion of  random contacts (as described above). The three 
lower panels show the effects of  the same mitigation 
strategies in a superspreading disease, where restriction 
of  random contacts evidently has an outsized effect. 
(Data from Sneppen et al. (2021))

obvious strategy relies on preemptively recog-
nizing or identifying super-shedders before 
they get out and about—something which is 
not usually possible. Thus, a different 
approach is needed.

First, we will review how an outbreak of a 
superspreading disease is affected by reduc-
tions in contact numbers. It is this key aspect 
which explains the high efficacy of lockdowns 
in the COVID-19 pandemic. Using an agent- 
based modeling approach that can capture the 
heterogeneity, we have recently demonstrated 
that reducing activity in those areas of society 
where many random encounters occur has an 
enormous effect on a superspreading disease 

(Sneppen et al. 2021). In contrast, such restric-
tions are much less effective as means to con-
trol a more homogeneously spreading disease. 
This means that restrictions on large gather-
ings, closure of bars and nightclubs, and 
interventions to reduce crowding in public 
transport are more effective at curbing a 
superspreading disease than a homogeneous 
one.

In . Fig.  3, we demonstrate how two 
classes of contact-restricting, population- 
wide mitigation strategies fare for a super-
spreading and non-superspreading disease, 
respectively. One mitigation strategy is as 
described above: based on minimizing “ran-

580 B. F. Nielsen et al.



dom” encounters. The other is based on 
restricting contact only among more regular 
contacts (e.g., workplaces and school classes). 
While the strategy based on just restricting 
regular contacts has a moderate effect (and 
actually fares worse in a superspreading dis-
ease outbreak), the strategy based on restrict-
ing random contacts is highly effective in a 
superspreading scenario.

The mechanism, which we explored fur-
ther in a subsequent paper (Nielsen et  al. 
2021), is that superspreading diseases are 
highly sensitive to what one could call contact 
diversity (i.e., the number of distinct persons 
each infected individual comes into contact 
with) rather than the total contact time. 
Interestingly, for a homogeneous disease such 
as influenza, the reverse is true. The finding is 
determined by the very high infectiousness of 
super-shedders, which gives them the poten-
tial to cause many infections, given enough 
susceptible contacts. In a homogeneously 
spreading disease, most infected individuals 
become infectious but generally only expel 
virions at a lower rate, meaning that the expo-
sure time is the more determinative factor.

Contact tracing is another type of mitiga-
tion strategy that exhibits increased effective-
ness for superspreading diseases. However, 
this is only true if  a suitable contact tracing 
scheme is chosen. Here, it is important to 
distinguish between forward and backward 
and retrospective contact tracing. When an 
infected person (the index case) is identified, 
forward contact tracing tries to answer the 
question, “Who may the index case have 
infected?” Backward or retrospective tracing, 
on the other hand, tries to identify the person 
who infected the index case and then, by trac-
ing forward from that person asks, “Who may 
that source person also have infected?” The 
strength of this latter approach relies on an 
analog of the so-called friendship paradox of 
network theory. The friendship paradox is the 
counterintuitive statement that “on average, 
your friends have more friends than you do,” 
which holds true as soon as there is some vari-
ability in the number of friends that people 
have (Feld 1991). Going back to the infection 

networks in . Fig. 1, an analogous statement 
can be clearly made for the superspreading 
infection network: the person who infected 
you is likely to infect many more people than 
you are likely to infect. In the non- 
superspreading infection network, this is of 
course much less true. Endo et al. (2021) stud-
ied the implications of superspreading for ret-
rospective contact tracing in a mathematical 
model and found that it was a drastically 
superior mode of contact tracing when trans-
mission was heterogeneous, and cases 
occurred in clusters.

More broadly, these theoretical studies of 
the implications of superspreading for mitiga-
tion emphasize the role that mathematical 
modeling can play in the rapid response to an 
emerging pathogen (7 Chaps. 24 and 25). 
The mechanisms revealed by mathematical 
models in the SARS-CoV-2 pandemic are 
likely to help further shorten the time delay 
between identification of key signature fea-
tures of an emerging disease and the imple-
mentation of suitable countermeasures.

In light of our increasing understanding 
of the implications that heterogeneous trans-
mission has for outbreak control, we call for 
including early determination of superspread-
ing potential as an integral part of the assess-
ment work for a future “Disease X” (WHO 
2018). From a quantitative perspective, this 
entails including the dispersion parameter k 
as a key variable characterizing transmission 
alongside the well-known basic reproduction 
number R0.

While the mechanisms of superspreading 
in the case of COVID-19 are becoming clearer, 
the within-host dynamics that lead to high 
variability in shedding are still not well under-
stood, and further research in this direction 
will be crucial. An improved understanding of 
the mechanisms behind this variability is 
likely to increase our chances during future 
outbreaks of identifying individuals at risk of 
becoming super-shedders. In the meantime, 
we can take solace in the fact that it is possible 
to design population-wide mitigation strate-
gies that work effectively for superspreading 
diseases.
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? Discussion Questions
 1. Identify potential risks for a scenario 

of  superspreading of  COVID-19 at an 
international scientific meeting with 
social events planned:
 (a) Describe potential mechanisms 

underlying the phenomenon of 
superspreading.

 (b) What mitigation strategies could be 
implemented?

 (c) Could mathematical models be 
used to guide mitigation strategies 
at the event? How?

 2. What is the significance of  the k value of 
COVID-19 and other infectious dis-
eases?
 (a) Why is the k value a key statistical 

property of  SARS-CoV-2 trans-
mission?

 (b) What do low and high k values indi-
cate?

 (c) How does the k value for COVID-
19, in relation to the basic reproduc-
tive number R

0, affect the options 
for non- pharmaceutical interven-
tions to minimize the pandemic?

 (d) How can early determination of 
the k value of  a novel pathogen, 
along with R0, inform outbreak 
response?

 2. Superspreading can have very different 
origins across diseases.
 (a) What are some examples?
 (b) How are the examples explained 

by the properties of  each disease 
(mode of  transmission, duration, 
symptoms, immunology, etc.)?

Acknowledgements The authors acknowl-
edge financial support from the Danish 
National Research Foundation (grant 
DNRF170) and from the Carlsberg 
Foundation under its Semper Ardens pro-
gramme (grant CF20-0046). BFN also 
acknowledges separate financial support from 
the Carlsberg Foundation (grant CF23-0173). 

The authors would like to thank Robert J. 
Taylor, who is sadly no longer with us, for his 
contributions to research into the super-
spreading phenomenon.

References

Althouse BM, Wenger EA, Miller JC, Scarpino SV, 
Allard A, Hébert-Dufresne L, Hu H. Superspreading 
events in the transmission dynamics of  SARS- 
CoV- 2: opportunities for interventions and control. 
PLoS Biol. 2020;18(11):e3000897. https://doi.
org/10.1371/journal.pbio.3000897.

Bi Q, Wu Y, Mei S, Ye C, Zou X, Zhang Z, et  al. 
Epidemiology and transmission of  COVID-19  in 
391 cases and 1286 of  their close contacts in 
Shenzhen, China: a retrospective cohort study. 
Lancet Infect Dis. 2020;20(8):911–9. https://doi.
org/10.1016/s1473- 3099(20)30287- 5.

Chen PZ, Bobrovitz N, Premji Z, Koopmans M, Fisman 
DN, Gu FX. Heterogeneity in transmissibility and 
shedding SARS-CoV-2 via droplets and aerosols. 
elife. 2021a;10:e65774. https://doi.org/10.7554/
eLife.65774.

Chen PZ, Koopmans M, Fisman DN, Gu 
FX. Understanding why superspreading drives the 
COVID-19 pandemic but not the H1N1 pandemic. 
Lancet Infect Dis. 2021b;21(9):1203–4. https://doi.
org/10.1016/S1473- 3099(21)00406- 0.

Davies A, Thomson G, Walker J, Bennett A. A review of 
the risks and disease transmission associated with 
aerosol generating medical procedures. J Infect 
Prev. 2009;10(4):122. https://doi.
org/10.1177/1757177409106456.

Dye C, Gay N. Modeling the SARS epidemic. Science. 
2003;300(5627):1884–5. https://doi.org/10.1126/sci-
ence.1086925.

Endo A, Centre for the Mathematical Modelling of 
Infectious Diseases COVID-19 Working Group, 
Abbott S, Kucharski AJ, Funk S.  Estimating the 
overdispersion in COVID-19 transmission using 
outbreak sizes outside China. Wellcome Open Res. 
2020;5:67. https://doi.org/10.12688/wellco-
meopenres.15842.3.

Endo A, Centre for the Mathematical Modelling of 
Infectious Diseases COVID-19 Working Group, 
Leclerc QJ, Knight GM, Medley GF, Atkins KE, 
et al. Implication of  backward contact tracing in the 
presence of  overdispersed transmission in 
COVID- 19 outbreaks. Wellcome Open Res. 
2021;5:239. https://doi.org/10.12688/wellco-
meopenres.16344.3.

Feld SL. Why your friends have more friends than you 
do. Am J Sociol. 1991;96(6):1464–77.

582 B. F. Nielsen et al.

https://doi.org/10.1371/journal.pbio.3000897
https://doi.org/10.1371/journal.pbio.3000897
https://doi.org/10.1016/s1473-3099(20)30287-5
https://doi.org/10.1016/s1473-3099(20)30287-5
https://doi.org/10.7554/eLife.65774
https://doi.org/10.7554/eLife.65774
https://doi.org/10.1016/S1473-3099(21)00406-0
https://doi.org/10.1016/S1473-3099(21)00406-0
https://doi.org/10.1177/1757177409106456
https://doi.org/10.1177/1757177409106456
https://doi.org/10.1126/science.1086925
https://doi.org/10.1126/science.1086925
https://doi.org/10.12688/wellcomeopenres.15842.3
https://doi.org/10.12688/wellcomeopenres.15842.3
https://doi.org/10.12688/wellcomeopenres.16344.3
https://doi.org/10.12688/wellcomeopenres.16344.3


Fraser C, Cummings DAT, Klinkenberg D, Burke DS, 
Ferguson NM.  Influenza transmission in house-
holds during the 1918 pandemic. Am J Epidemiol. 
2011;174(5):505–14. https://doi.org/10.1093/aje/
kwr122.

Frieden TR, Lee CT. Identifying and interrupting super-
spreading events-implications for control of  severe 
acute respiratory syndrome coronavirus 2. Emerg 
Infect Dis. 2020;26(6):1059–66. https://doi.
org/10.3201/eid2606.200495.

Goyal A, Reeves DB, Cardozo-Ojeda EF, Schiffer JT, 
Mayer BT. Viral load and contact heterogeneity pre-
dict SARS-CoV-2 transmission and super-spreading 
events. elife. 2021;10:e63537. https://doi.
org/10.7554/eLife.63537.

Hatchett RJ, Mecher CE, Lipsitch M.  Public health 
interventions and epidemic intensity during the 
1918 influenza pandemic. Proc Natl Acad Sci USA. 
2007;104(18):7582–7. https://doi.org/10.1073/
pnas.0610941104.

Jones TC, Biele G, Mühlemann B, Veith T, Schneider J, 
Beheim-Schwarzbach J, et al. Estimating infectious-
ness throughout SARS-CoV-2 infection course. 
Science. 2021;373(6551):eabi5273. https://doi.
org/10.1126/science.abi5273.

Judson SD, Munster VJ.  Nosocomial transmission of 
emerging viruses via aerosol-generating medical 
procedures. Viruses. 2019;11(10):940. https://doi.
org/10.3390/v11100940.

Kain MP, Childs ML, Becker AD, Mordecai 
EA. Chopping the tail: how preventing superspread-
ing can help to maintain COVID-19 control. 
medRxiv. 2020. https://doi.org/10.1101/2020.06.30.
20143115.

Kidd M, Richter A, Best A, Cumley N, Mirza J, Percival 
B, et  al. S-variant SARS-CoV-2 lineage B1.1.7 is 
associated with significantly higher viral load in 
samples tested by TaqPath polymerase chain reac-
tion. J Infect Dis. 2021;223(10):1666–70. https://doi.
org/10.1093/infdis/jiab082.

Kirkegaard JB, Sneppen K.  Variability of  individual 
infectiousness derived from aggregate statistics of 
COVID-19. medRxiv. 2021. https://doi.org/10.1101/
2021.01.15.21249870.

Lau MSY, Grenfell B, Thomas M, Bryan M, Nelson K, 
Lopman B.  Characterizing superspreading events 
and age-specific infectiousness of  SARS-CoV-2 
transmission in Georgia, USA. Proc Natl Acad Sci. 
2020;117(36):22430–5. https://doi.org/10.1073/
pnas.2011802117.

Leo Y, Chen M, Heng B, Lee C, Paton N, Ang B, et al. 
Severe acute respiratory syndrome—Singapore, 
2003. MMWR Morb Mortal Wkly Rep. 
2003;52(18):405–11.

Lewis D. Superspreading drives the COVID pandemic—
and could help to tame it.pdf. Nature. 2021;590:544. 
https://www. nature. com/articles/d41586- 021- 
00460- x.

Lipsitch M, Cohen T, Cooper B, Robins JM, Ma S, 
James L, et al. Transmission dynamics and control 
of  severe acute respiratory syndrome. Science. 
2003;300(5627):1966–70. https://doi.org/10.1126/
science.1086616.

Lloyd-Smith JO, Schreiber SJ, Kopp PE, Getz 
WM.  Superspreading and the effect of  individual 
variation on disease emergence. Nature. 
2005;438(7066):355–9. https://doi.org/10.1038/
nature04153.

Miller D, Martin MA, Harel N, Tirosh O, Kustin T, 
Meir M, et al. Full genome viral sequences inform 
patterns of  SARS-CoV-2 spread into and within 
Israel. Nat Commun. 2020;11(1):5518. https://doi.
org/10.1038/s41467- 020- 19248- 0.

Nielsen BF, Simonsen L, Sneppen K. COVID-19 super-
spreading suggests mitigation by social network 
modulation. Phys Rev Lett. 2021;126(11):118301. 
https://doi.org/10.1103/PhysRevLett.126.118301.

Parhizkar H, Dietz L, Olsen-Martinez A, Horve P, 
Barnatan L, Northcutt D, Wymelenberg 
KVD. Quantifying human and environmental viral 
load relationships amidst mitigation strategies in a 
controlled chamber with participants having 
COVID- 19. ResearchSquare. 2021. https://doi.
org/10.21203/rs.3.rs- 940891/v1.

Park SH, Kim Y-S, Jung Y, Choi SY, Cho N-H, Jeong 
HW, et  al. Outbreaks of  Middle East respiratory 
syndrome in two hospitals initiated by a single 
patient in Daejeon, South Korea. Infect Chemother. 
2016;48(2):99–107. https://doi.org/10.3947/
ic.2016.48.2.99.

Pozderac C, Skinner B.  Superspreading of  SARS- 
CoV- 2 in the USA. PLOS-One. 2021;16(3):e0248808. 
https://doi.org/10.1371/journal.pone.0248808.

Riley RL, Mills CC, O’Grady F, Sultan LU, Wittstadt F, 
Shivpuri DN. Infectiousness of  air from a tubercu-
losis ward. Am Rev Respir Dis. 1962;85(4):511–25. 
https://doi.org/10.1164/arrd.1962.85.4.511.

Sandford A. Half  of  humanity on lockdown in 90 coun-
tries. Eur Secur. 2020. https://www. euronews. 
c o m / 2 0 2 0 / 0 4 / 0 2 /
coronavirus- in- europe- spain- s- death- toll- hits- 10- 
000- after- record- 950- new- deaths- in- 24- hou.

Shen Z, Ning F, Zhou W, He X, Lin C, Chin DP, et al. 
Superspreading SARS events, Beijing, 2003. Emerg 
Infect Dis. 2004;10(2):256–60. https://doi.
org/10.3201/eid1002.030732.

Sneppen K, Nielsen BF, Taylor RJ, Simonsen 
L. Overdispersion in COVID-19 increases the effec-
tiveness of  limiting nonrepetitive contacts for trans-
mission control. Proc Natl Acad Sci. 
2021;118(14):e2016623118. https://doi.org/10.1073/
pnas.2016623118.

WHO. 2018 Annual review of  diseases prioritized under 
the Research and Development Blueprint. 2018. 
https://www. who. int/docs/default- source/blue- 
print/2018- annual- review- of- diseases- prioritized- 

583
21.1 In Focus: The Impact and Mechanisms of Superspreading

https://doi.org/10.1093/aje/kwr122
https://doi.org/10.1093/aje/kwr122
https://doi.org/10.3201/eid2606.200495
https://doi.org/10.3201/eid2606.200495
https://doi.org/10.7554/eLife.63537
https://doi.org/10.7554/eLife.63537
https://doi.org/10.1073/pnas.0610941104
https://doi.org/10.1073/pnas.0610941104
https://doi.org/10.1126/science.abi5273
https://doi.org/10.1126/science.abi5273
https://doi.org/10.3390/v11100940
https://doi.org/10.3390/v11100940
https://doi.org/10.1101/2020.06.30.20143115
https://doi.org/10.1101/2020.06.30.20143115
https://doi.org/10.1093/infdis/jiab082
https://doi.org/10.1093/infdis/jiab082
https://doi.org/10.1101/2021.01.15.21249870
https://doi.org/10.1101/2021.01.15.21249870
https://doi.org/10.1073/pnas.2011802117
https://doi.org/10.1073/pnas.2011802117
https://www.nature.com/articles/d41586-021-00460-x
https://www.nature.com/articles/d41586-021-00460-x
https://doi.org/10.1126/science.1086616
https://doi.org/10.1126/science.1086616
https://doi.org/10.1038/nature04153
https://doi.org/10.1038/nature04153
https://doi.org/10.1038/s41467-020-19248-0
https://doi.org/10.1038/s41467-020-19248-0
https://doi.org/10.1103/PhysRevLett.126.118301
https://doi.org/10.21203/rs.3.rs-940891/v1
https://doi.org/10.21203/rs.3.rs-940891/v1
https://doi.org/10.3947/ic.2016.48.2.99
https://doi.org/10.3947/ic.2016.48.2.99
https://doi.org/10.1371/journal.pone.0248808
https://doi.org/10.1164/arrd.1962.85.4.511
https://www.euronews.com/2020/04/02/coronavirus-in-europe-spain-s-death-toll-hits-10-000-after-record-950-new-deaths-in-24-hou
https://www.euronews.com/2020/04/02/coronavirus-in-europe-spain-s-death-toll-hits-10-000-after-record-950-new-deaths-in-24-hou
https://www.euronews.com/2020/04/02/coronavirus-in-europe-spain-s-death-toll-hits-10-000-after-record-950-new-deaths-in-24-hou
https://www.euronews.com/2020/04/02/coronavirus-in-europe-spain-s-death-toll-hits-10-000-after-record-950-new-deaths-in-24-hou
https://doi.org/10.3201/eid1002.030732
https://doi.org/10.3201/eid1002.030732
https://doi.org/10.1073/pnas.2016623118
https://doi.org/10.1073/pnas.2016623118
https://www.who.int/docs/default-source/blue-print/2018-annual-review-of-diseases-prioritized-under-the-research-and-development-blueprint.pdf?sfvrsn=4c22e36_2
https://www.who.int/docs/default-source/blue-print/2018-annual-review-of-diseases-prioritized-under-the-research-and-development-blueprint.pdf?sfvrsn=4c22e36_2


 

under- the- research- and- development- blueprint. 
pdf ?sfvrsn=4c22e36_2.

WHO. Coronavirus disease 2019 (COVID-19) situation 
report—38. Geneva: World Health Organization; 
2020. https://apps. who. int/iris/handle/10665/331226.

Woolhouse ME, Dye C, Etard JF, Smith T, Charlwood 
JD, Garnett GP, et al. Heterogeneities in the trans-
mission of  infectious agents: implications for the 
design of  control programs. Proc Natl Acad Sci 
USA. 1997;94(1):338–42. https://doi.org/10.1073/
pnas.94.1.338.

Yang Q, Saldi TK, Lasda E, Decker CJ, Paige CL, 
Muhlrad D, et al. Just 2% of  SARS-CoV-2-positive 
individuals carry 90% of  the virus circulating in 
communities. medRxiv. 2021. https://doi.org/10.110
1/2021.03.01.21252250.

Yu IT, Xie ZH, Tsoi KK, Chiu YL, Lok SW, Tang XP, 
et al. Why did outbreaks of  severe acute respiratory 
syndrome occur in some hospital wards but not in 
others? Clin Infect Dis. 2007;44(8):1017–25. https://
doi.org/10.1086/512819.

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons. org/licenses/by/4. 0/), which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons license and indicate if  changes were 
made.

The images or other third party material in this chapter are included in the chapter's Creative Commons 
license, unless indicated otherwise in a credit line to the material. If  material is not included in the chap-
ter's Creative Commons license and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder.

584 B. F. Nielsen et al.

https://www.who.int/docs/default-source/blue-print/2018-annual-review-of-diseases-prioritized-under-the-research-and-development-blueprint.pdf?sfvrsn=4c22e36_2
https://www.who.int/docs/default-source/blue-print/2018-annual-review-of-diseases-prioritized-under-the-research-and-development-blueprint.pdf?sfvrsn=4c22e36_2
https://apps.who.int/iris/handle/10665/331226
https://doi.org/10.1073/pnas.94.1.338
https://doi.org/10.1073/pnas.94.1.338
https://doi.org/10.1101/2021.03.01.21252250
https://doi.org/10.1101/2021.03.01.21252250
https://doi.org/10.1086/512819
https://doi.org/10.1086/512819
http://creativecommons.org/licenses/by/4.0/


© This is a U.S. Government work and not under copyright protection in the U.S.; foreign 
copyright protection may apply 2024
E. S. Higgs and R. A. Sorenson (eds.), Principles and Practice of Emergency Research Response,  
https://doi.org/10.1007/978-3-031-48408-7_32

22 Vaccine Trial Designs
Rebecca Kahn, Sofia S. Villar, Natalie E. Dean, 
and Marc Lipsitch

Contents

1   Introduction – 586

2   Choices in Vaccine Trial Design – 587
2.1  Randomization – 588
2.2  Comparator Intervention – 590
2.3  Trial Population – 591
2.4  Trial Implementation – 592
2.5  Primary Endpoints – 593

3   Adaptive Vaccine Trial Design – 594
3.1  Adaptive Designs: Basic Concepts – 594
3.2  Possible Adaptations for Innovative Vaccine Trials – 596
3.3  Opportunities and Challenges for Adaptive  

Designs in Vaccine Trials – 598
3.4  Further Considerations for Adaptive Designs  

for Vaccine Trials – 600

4   Additional Considerations – 600
4.1  Seamless Designs – 600
4.2  Observational Study Designs – 601
4.3  Incorporating Pathogen Sequence Data into  

Vaccine Evaluation – 601
4.4  Simulations – 602
4.5  Comparing Ebola and SARS-CoV-2 Vaccine  

Trial Experiences – 602

5   Conclusion – 603

 References – 604

Learning Track Note: This chapter appears in Learning Tracks: Biostatistics; Clinical 
Research; Global Health; Preparedness; Public Health and Epidemiology

585

https://doi.org/10.1007/978-3-031-48408-7_32#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-48408-7_32&domain=pdf


 

Learning Objectives
This chapter will help readers understand and 
describe:

 5 The three main objectives of vaccine effi-
cacy trials conducted during infectious dis-
ease emergencies: testing the null hypothesis, 
estimating efficacy, and maximizing public 
health impact.

 5 Five key choices of trial design: randomiza-
tion, comparators, trial population, imple-
mentation, and primary endpoint.

 5 Opportunities, challenges, and trade-offs of 
employing adaptive designs and placebo 
controls for vaccine trials.

 5 Vaccine trial designs that have been 
 successful.

1  Introduction

In vaccine efficacy trials conducted during 
epidemics of emerging infectious diseases, 
there are three major objectives, in addition to 
evaluating safety.
 1. Test the null hypothesis (of no efficacy or 

efficacy below a minimally acceptable 
threshold) of the vaccine candidate in a 
rigorous fashion.

 2. Estimate the efficacy of the vaccine candi-
date.

 3. Maximize the public health impact of  the 
vaccine trial for both trial participants and 
the broader community, which we could 
roughly characterize as
 (a) The net benefit (protection from infec-

tion or disease minus adverse events) 
to trial participants.

 (b) The benefit to the broader community 
if  the vaccine is shown to be safe and 
efficacious by the trial.

All of  these objectives create urgency for 
planning vaccine trials. For hypothesis testing 
and effect estimation, it is important to start 
a trial quickly so that enough people at risk 
of  infection can be enrolled in the trial, in 
order to obtain sufficient power for the trial 
and so that early efficacy estimates can be 
obtained as soon as possible. If  the vaccine 
candidate is effective, these early estimates 

can be used to apply for emergency use autho-
rization and/or licensure, which will help 
enable widespread use and maximize the pub-
lic health benefit.

The aims of a trial should lead to a design 
that best delivers those aims. This can be dif-
ficult, as sometimes all aims of the trial favor 
the same design choices but at other times 
there may conflicting considerations and no 
clear superior design option. Several studies 
have quantified the tradeoffs of different 
design decisions in clinical trials in terms of 
possible aims (Robertson et  al. 2021; Villar 
et al. 2015; Williamson et al. 2017) and spe-
cifically in the context of vaccine trials 
(Halloran et al. 2017; Johnson et al. 2021).

During the 2014–2016 West African Ebola 
virus disease epidemic, many vaccine efficacy 
trial designs were proposed (NASEM 2017). 
Only one design—the cluster-randomized 
ring vaccination design, which enrolled con-
tacts and contacts of contacts of individuals 
with Ebola—was used successfully (Henao-
Restrepo et  al. 2017). However, the debates 
surrounding efficacy trial design during this 
outbreak underscored the need for planning 
and discussion of trial design choices prior to 
future outbreaks. During the COVID- 19 pan-
demic, dozens of vaccine efficacy trials were 
conducted, and several vaccines received 
emergency use authorization within record 
time, drastically altering the course of the 
pandemic. Balancing speed of result (objec-
tive 3) with scientific value (objectives 1 and 2) 
created tradeoffs in the design of these trials. 
The scientific and public health communities 
continue to learn lessons about trial design 
and about the properties of these vaccines as 
rollout continues.

Ideally, a preferred design, based on the 
anticipated aims of a trial, should be chosen 
as early as possible, as all three trial objectives 
become more challenging to attain if  and 
when an epidemic declines (Camacho et  al. 
2015). In the context of the Zika virus PHEIC, 
the World Health Organization (WHO) 
released a document and online tool to aid in 
choosing among existing trial designs (WHO 
2019). A sample decision tree (. Fig. 1) pre-
pared with the tool by Bellan et  al. (2019) 
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       . Fig. 1 Example of  a decision tree: Schematic of 
InterVax- Tool’s decision process. Within each of  four 
decision tree branches (solid blue bars at left), users 
navigate a set of  hierarchical decisions following guid-
ance on how each of  14 key considerations affects the 

decision to pick one choice (open blue boxes at right) 
over another. During this process, users take notes on 
the scenario under consideration as well as on their jus-
tifications for the decisions chosen through the four 
decision trees. (Bellan et al. 2019)

helps illustrate a few of the factors and steps 
involved.

In this chapter, we highlight five main 
choices in conventional vaccine efficacy trial 
designs. We also describe the opportunities 
and challenges of employing adaptive designs 
for vaccine trials, though these have primarily 
been used in therapeutics and non-vaccine 
prophylactics trials in recent experience 
7 www. protect- trial. net (PROTECT-CH 
2021; RECOVERY trial 2022). Drawing on 
examples from the West African Ebola out-
break and the COVID-19 pandemic, we show 
how different pathogen characteristics and 
outbreak contexts can influence decisions on 
vaccine trial design. Where possible, simple, 
familiar designs should be chosen to make the 
trial easier to conduct, results easier to inter-
pret, and authorization or approval easier to 
obtain. SARS-CoV-2 vaccine efficacy trials 
have largely followed this principle, and the 
speed with which emergency use authoriza-
tion was achieved reinforces its value. 
However, in some circumstances, innovative 
designs may be called for, and having preap-
proved protocols with adaptive elements 
incorporated can help expedite such trials 
during an outbreak.

2  Choices in Vaccine Trial Design

Trialists and sponsors must make many 
choices in the design and analysis of vaccine 
trials (Dean et  al. 2018; Kahn et  al. 2018). 
Here, we discuss five key choices (. Fig. 2) in 
relation to the three desired objectives 
described above (Kahn et al. 2018):
 1. randomization unit
 2. comparator intervention
 3. trial population
 4. trial implementation
 5. primary endpoint

These are separate choices that must be made 
in trial design; they may be combined in mul-
tiple ways. Some combinations, such as indi-
vidually randomized, placebo-controlled 
trials, are well established, commonly used, 
and often preferred in many regulatory frame-
works; others, such as the innovative cluster- 
randomized ring vaccination compared 
against delayed vaccination used in the “Ebola 
Ça Suffit!” trial conducted in Guinea (7 In 
Focus 22.1) (Henao-Restrepo et  al. 2017), 
have been used only once. Still other combina-
tions of choices (e.g., ring vaccination with an 
active or placebo comparator) have never 
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       . Fig. 2 Schematic of  major clinical trial design choices discussed below. (Authors)

been used. Examples of choices that have 
been made to date are shown in . Table 1.

2.1  Randomization

Randomized efficacy trials are considered the 
gold standard and are typically required for 
vaccine licensure (Lipsitch et  al. 2016), and 
for good reasons (Lipsitch and Eyal 2017). 
Therefore, this section will focus on the choice 
between individual and cluster randomization 

rather than the choice between randomization 
and complete roll-out without a randomized 
trial, which has been proposed for extreme 
emergencies (WHO 2014) and did in fact 
occur with some SARS-CoV-2 vaccines 
(Burki 2020; Mahase 2020).

The choice between individual and cluster 
randomization depends on both scientific and 
feasibility considerations. Individual random-
ization simply means that individuals are ran-
domized, independently and one at a time, to 
be offered the candidate vaccine or control 
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.       Table 1 Comparison of  selected trial designs: Individually randomized trials are statistically more 
efficient than cluster randomized trials, meaning they require a smaller sample size for detecting a given 
effect and conclude (or reach interim analysis points) faster. The sample size of  the cluster randomized trial 
must be increased to account for correlation between people in the same cluster (Donner et al. 1981). If  the 
vaccine proves effective, a more rapid conclusion (usually available from an individually randomized trial) 
permits more rapid rollout to those at greatest risk, and presumably a greater benefit to that population. If  
this at-risk population is much larger than the trial population, as is most often the case, this will be the 
dominant effect (Kahn et al. 2018)

No Trial design type, with examplesa Comparison Population Implemen-
tation

I. Individually randomized

1 “Classic” individually randomized controlled 
trialb

Ex: Pneumococcal vaccine, California (Black 
et al. 2000)
Rotavirus vaccine, Niger (Isanaka et al. 2017)
PREVAIL Ebola vaccine, Liberia (Kennedy et al. 
2016)

Placebo or other 
vaccine (“active 
control”)

General or 
high-risk

Parallel

2 Serodiscordant couplesc

Ex: Herpes simplex virus, type 2 (Stanberry et al. 
2002)

Placebo High-risk Parallel

3 Individually randomized, comparison to delayed 
vaccination
Ex: STRIVE Ebola vaccine, Sierra Leone, as 
performed (Widdowson et al. 2016)

Delay (without a 
placebo)

High-risk Parallel

4 Individually randomized controlled trial with 
deliberately stepped rollout
Ex. Proposed for Ebola vaccine (Lipsitch et al. 
2015b)

Placebo General or 
high-risk

Stepped

II. Cluster randomized

5 “Classic” parallel, cluster-randomized controlled 
trial
Ex: Pneumococcal vaccine, Navajo Nation 
(O’Brien et al. 2003)

Placebo or other 
vaccine (“active 
control”)

General Parallel

6 Stepped-wedge design
Ex: Hepatitis B vaccine, the Gambia (Gambia 
hepatitis intervention study 1987)
STRIVE Ebola vaccine, as proposed (Bellan et al. 
2015)

Delay (without a 
placebo)

High-risk Stepped

7 Ring-vaccination trial versus delayed vaccinationd

Ex: Ebola Ça Suffit Ebola vaccine, Guinea 
(Henao-Restrepo et al. 2017)

Delay (without a 
placebo)

High-risk Ring 
(stepped)

a Abbreviations: For example; PREVAIL Partnership for Research on Ebola Virus in Liberia; STRIVE Sierra 
Leone Trial to Introduce a Vaccine Against Ebola
b Most common design used for vaccine efficacy trials. (A search on 7 clinicaltrials. gov with filters “Interven-
tional (or Clinical Trial)” for study type, “Phase III” for study phase, and search term “vaccine” for interven-
tion found 1251 trials, of  which 989 were randomized. Out of  a randomly selected 50 of  these trials, all were 
individually randomized and 44 specified a parallel rollout
c Seronegative partner of  a seropositive person is at high risk for exposure to infection and is randomized to 
vaccine or placebo
d Choice of  delayed vaccination comparison due to perceived challenges to the use of  placebo in this setting
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(see 7 Sect. 2.2). In cluster randomization, 
whole groups of individuals, defined for 
example by geography (e.g., the villages they 
live in) or social contacts (e.g., the contacts of 
a particular person) are randomized as a 
group to one of these two arms. This design 
choice has several consequences (Kahn et al. 
2018). First, individual randomization com-
pares the risk of disease or infection between 
those who receive the vaccine and those who 
receive the control, yielding estimates of the 
direct effect of the vaccine, defined as how 
much the vaccine reduces an individual’s risk 
of disease or infection (Halloran et al. 2010). 
Cluster randomization compares the risk 
between persons in the vaccine candidate clus-
ters and persons in the control clusters, 
 providing a combined estimate of the direct 
and indirect (herd) effects of the vaccine can-
didate, which may be quantified as the total 
effect or the overall effect (Halloran et  al. 
2010). These combined effects are more chal-
lenging to extrapolate to other settings than 
the direct effect because the magnitude of the 
combined effects depends not only on the 
direct effect, but also on factors including the 
intensity of transmission, the contact network 
structure, and the phase of the epidemic at 
which a vaccine is deployed (Hitchings et al. 
2018; Staples et al. 2015). Additionally, licen-
sure decisions are based primarily on the 
product’s ability to prevent a defined health 
condition in individuals (i.e., the direct effect), 
favoring individual randomization.

In general, because of the shorter time 
required for a trial, statistical efficiency, esti-
mation of the more generalizable direct effect, 
and precedent as the standard for authoriza-
tion and licensure, individual randomization 
should be considered the default (Kahn et al. 
2018). However, there may be certain situa-
tions in which cluster randomization is pre-
ferred. For example, the combined effects 
from cluster randomization may be of interest 
to policy makers, as they more closely approx-
imate the effect of a mass vaccination cam-
paign. Additionally, there may be situations 
where a cluster-randomized trial is more fea-
sible than individual randomization (e.g., due 

to simplified procedures as all participants in 
an area receive either the vaccine or control), 
meaning a cluster-randomized trial could 
start considerably earlier, and perhaps even 
recruit and randomize individuals faster than 
in an individually randomized trial.

2.2  Comparator Intervention

In randomized trials, the comparator arm 
may receive a placebo, another vaccine (i.e., 
active control), or delayed administration of 
the vaccine candidate. A placebo-controlled 
trial is considered preferable to a delayed- 
administration control, as it permits use of a 
double-blind design in which neither the 
investigators nor participants know who is in 
which arm of the trial, preventing changes in 
behavior based on knowledge of trial arm 
assignment. Delayed administration of the 
vaccine candidate during the trial, such as in a 
stepped-wedge design (described below), pro-
vides access to the vaccine candidate to all 
trial participants during the trial but has sev-
eral limitations. Participants will be aware of 
their vaccine status, which might lead to 
changes in behavior that could bias assess-
ment of the vaccine candidate’s true efficacy. 
In addition, while long-term follow-up is 
 challenging after any trial in which efficacy 
has been demonstrated, delayed vaccination 
for the comparator arm further limits long-
term follow-up as there is no longer a control 
arm to which the investigational arm may be 
compared even during the trial.

Methodologically, placebo control is 
“cleaner” than active control because while 
the latter may provide some benefit to partici-
pants in the control arm against another dis-
ease, it may complicate the assessment of 
safety and efficacy as compared to trials with 
a placebo. For example, it may be hard to dis-
tinguish whether an adverse event that occurs 
more often in the experimental arm than in 
the active control arm is a harm caused by the 
experimental vaccine or an unanticipated pro-
tective effect of the active control (Gessner 
et al. 2017).
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Because they permit double-blinding, 
allow a straightforward comparison between 
arms, and typically have higher power than 
delayed administration (Dean et  al. 2018), 
placebo-controlled trials are more likely to 
provide the most accurate and efficient esti-
mates of  a vaccine’s efficacy and safety. Thus, 
placebo-controlled trials are favored when 
considering the scientific objectives of  the 
trial. If  the vaccine candidate is highly likely 
to be effective, delayed vaccination can pro-
vide clear advantages over its alternatives for 
the third desired objective of  maximizing 
public health benefit during the trial, as more 
vaccinated people will be protected. Offering 
the vaccine to all control participants as soon 
as efficacy is demonstrated can reduce this 
difference substantially (Eyal and Lipsitch 
2017) but may compromise the scientific and 
social value of  the trial and have other disad-
vantages (Rid et al. 2021) (7 In Practice 4.1); 
a blinded crossover design, which was used in 
the Novavax SARS-CoV-2 trial (Follmann 
et al. 2021), can help address some of  these 
limitations. The ethics of  the use of  placebo 
in clinical trials in epidemics is a topic of 
much discussion (Eyal and Lipsitch 2021; 
Kahn et  al. 2018; Millum and Grady 2013; 
Millum and Wendler 2018; Rid et al. 2014), 
and some ethics committees may not sanc-
tion a placebo arm (Ebola Ça Suffit Ring 
Vaccination Trial Consortium 2015). This 
choice of  comparator arm highlights the 
potential tension between the three desired 
objectives of  vaccine trials, as well as the 
possibility of  relieving this tension by, for 
example, providing vaccine to all partici-
pants at the end of  follow-up or analysis or 
conducting an adaptive trial designed to vac-
cinate as many participants as possible while 
collecting efficacy and safety data.

2.3  Trial Population

A vaccine trial may enroll participants from 
the general population or from a population 
at high risk of infection or severe disease, such 
as healthcare workers or contacts of con-

firmed cases in an Ebola outbreak. Conducting 
a trial in the general population can increase 
the generalizability of the trial’s results and 
provide important estimates regarding safety 
and efficacy for the  population in which the 
vaccine would be used if  proven efficacious. 
However, given the urgency created by an epi-
demic and the short window of opportunity 
epidemics create for trials to be completed 
before transmission declines, especially for 
rarer diseases, all desired objectives can pro-
vide justification for conducting the trial in a 
population at high risk for the trial endpoints. 
This is one reason why a ring vaccination 
strategy is particularly useful in a declining 
epidemic when there is limited time remaining 
to conduct a trial, as it enrolls only those at 
the highest risk of infection. This strategy 
requires identifying, locating, and randomiz-
ing individuals at high risk, which may be 
easier to accomplish as the epidemic is waning 
and conditions are returning to normal than 
during an epidemic’s peak. Indeed, the ring 
vaccination trial design (7 In Focus 22.1) is 
perhaps the most innovative trial design for 
vaccines that has been implemented in recent 
years.

Because high-risk populations have a 
higher rate of  events, and these events are 
likely to be observed earlier, efficacy esti-
mates from a trial conducted in a high-risk 
population may not be generalizable to the 
general population but at the same time may 
be more statistically efficient, requiring both 
a smaller sample size and shorter follow-up 
period to reach a correct conclusion (Johnson 
et al. 2021). There is some theoretical justifi-
cation to expect that vaccine efficacy may dif-
fer according to the risk experienced by a 
population, and in particular that efficacy 
will be lower in populations with more expo-
sures or typically exposed to a higher dose 
(Gomes et  al. 2014). Limited empirical evi-
dence from animal and human studies sup-
ports this expectation (Langwig et al. 2019). 
In this respect, one could envisage a situation 
where efficacy is lower in a trial in a high-risk 
population than it would be in the general 
population, and even where this fact leads to 

591
22 Vaccine Trial Designs



 

lower power to test the hypothesis of  no 
effect, but these concerns have not been 
widely explored.

Not all vaccines are intended for use in the 
general population (e.g., Ebola), so a further 
consideration is to match the trial population 
to that in which the vaccine is intended for use 
once approved. In regard to the third objec-
tive of maximizing public health benefit, if  the 
vaccine candidate proves highly effective, and 
given a limited supply of vaccines, vaccinating 
high-risk populations could have a larger 
impact on incidence and transmission than a 
trial conducted in the general population.

The choice of trial population becomes 
more complicated when there are safety con-
cerns with conducting the trial in the ideal tar-
get population for a vaccine, as was the case 
for pregnant women who would have been an 
ideal trial group for Zika vaccine trials because 
of the devastating consequences of congenital 
Zika syndrome. However, these concerns 
should not result in the default exclusion of 
pregnant women and other populations, and 
efforts should be made to include at-risk popu-
lations in trials whenever possible (Ethics 
Working Group on ZIKV Research and 
Pregnancy 2017; PREVENT Working Group 
2018). Additional complications arise when 
restricting the trial population to those who 
have not been previously infected. In addition 
to the expense and logistics required to test all 
potential participants for previous infection 
prior to enrollment in the trial, this restriction 
may limit the generalizability of the trial, as 
participants who are both at high risk for 
infection and have avoided infection in the 
past may be less likely to get infected (Kahn 
et al. 2018; Tuite and Fisman 2011). A com-
promise may be to collect sera from all partici-
pants at baseline and the end of follow-up and 
test some or all of these at the conclusion of 
the trial to stratify efficacy analyses by prior 
infection (Lipsitch et al. 2020). SARS- CoV- 2 
trials showed that this approach also enables 
estimation of additional endpoints (serologi-
cally confirmed infection); see 7 Sect. 2.5 
(Kahn et al. 2019; Sadoff et al. 2021).

2.4  Trial Implementation

Participants may be enrolled into the trial as 
quickly as possible in a “parallel” rollout, or 
enrollment may be intentionally phased in 
over time in a “stepped” rollout, for example, 
to facilitate comparisons based on geography 
or to follow an outbreak. In some cases, such 
as a stepped-wedge trial (Bellan et  al. 2015; 
Gambia hepatitis intervention study 1987), 
clusters receive the vaccine at randomly 
assigned, staggered calendar times, and inci-
dence is compared between clusters that have 
received the vaccine candidate and clusters 
that have not, using statistical techniques that 
continue to be refined and expanded 
(Kennedy- Shaffer and Lipsitch 2020; 
Thompson et  al. 2018). Ring vaccination of 
cases’ contacts and contacts of contacts by 
design (Henao-Restrepo et  al. 2017) is 
stepped, as enrollment in the trial occurs 
based on when and where cases arise; in addi-
tion, during the Ebola Ça Suffit! trial, the con-
trol clusters received the vaccine candidate 
21 days after enrollment, which could be seen 
as a delayed comparator and/or as another 
form of stepped rollout.

If  there are sufficient resources and logis-
tics in place (7 Chap. 37) and the geographic 
area of the trial is clearly identified, a parallel 
rollout (i.e., enrollment, informed consent, 
randomization, and vaccination occurring 
essentially simultaneously) can result in a 
shorter trial than a stepped rollout and there-
fore obtain an efficacy estimate sooner. 
Additionally, if  the vaccine candidate is effec-
tive, more people will receive this beneficial 
intervention earlier during the trial in a paral-
lel rollout than in a stepped rollout. Thus, 
under these assumptions, for a vaccine candi-
date that works, all objectives lend support to 
a parallel rollout. However, when incidence is 
very patchy in space and time, and it is practi-
cal to implement the trial over time in areas 
(or among contact networks) of high trans-
mission, stepped rollout may be favored, as in 
the case of Ebola Ça Suffit! (Henao-Restrepo 
et  al. 2017). Moreover, a very fast rollout 
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could prevent potentially useful adaptations 
of the trial (discussed more below). For exam-
ple, if  the trial concludes futility of the vac-
cine at its end, the same trial participants 
cannot be re-enrolled to test a different vac-
cine, which could delay testing of the second 
vaccine.

The choice of rollout and its impact is an 
area of active research. For example, a novel 
variant of the stepped-wedge design has been 
proposed that allows areas at the highest risk 
to be prioritized for the earliest rollout in 
order to maximize public health benefit while 
preserving randomization (Harling et  al. 
2017). Likewise, individual randomization 
with stepped rollout can prioritize areas of 
predicted high incidence for earlier trial starts, 
similarly increasing public health benefit as 
well as trial power (Lipsitch et al. 2015a).

2.5  Primary Endpoints

Another important decision for a trial design 
is the choice of the primary endpoint. This 
choice is a balance between selecting an end-
point of the greatest public health relevance 
and ensuring the feasibility of the trial. Often 
vaccine trials use clinical disease, typically 
combined with a confirmatory diagnostic test, 
as the primary endpoint. Vaccine efficacy 
against confirmed clinical disease was the pri-
mary endpoint for many SARS-CoV-2 vac-
cine trials (Baden et al. 2021; Logunov et al. 
2021; Polack et  al. 2020; Sadoff et  al. 2021; 
Shapiro et al. 2021; Voysey et al. 2021a). This 
endpoint is clinically relevant and easier logis-
tically than other endpoints, such as infection, 
which may require testing of all or a large 
sample of trial participants on a regular basis. 
Efficacy against severe disease may be of 
greater public health interest, but the end-
point may occur too infrequently to be feasi-
ble. There are several additional endpoints of 
interest, which were often secondary end-
points of these trials, such as vaccine efficacy 
against severe disease, asymptomatic infec-
tion, hospitalization, or death, as well as vac-

cine efficacy among high-risk groups, such as 
the elderly (Lipsitch and Dean 2020).

Vaccine efficacy against all infections, not 
only symptomatic infections, is important for 
certain kinds of pathogens. A vaccine’s effi-
cacy in preventing infection (even asymptom-
atic) is important if  asymptomatic infection 
plays a role in onward transmission, as with 
Nipah, MERS, and SARS-CoV-2 for example 
(Clayton et  al. 2012; Johansson et  al. 2021; 
Kahn et  al. 2019; Omrani et  al. 2013; 
Rodriguez- Barraquer et al. 2013) or can result 
in long-term sequelae, such as congenital Zika 
syndrome (CDC 2019). While still requiring 
testing of some participants, approaches exist 
for accurately estimating this endpoint by 
testing only a fraction of trial participants 
(Kahn et al. 2019). This requires a laboratory 
assay that can distinguish between natural 
infection and vaccine-induced immunity 
(Sadoff et al. 2021). Some studies of SARS- 
CoV- 2 vaccines included secondary endpoints 
of asymptomatic virus infection or serologi-
cally detected infection (Baden et  al. 2021; 
Voysey et al. 2021a). Measures of viral posi-
tivity and viral load may also provide addi-
tional information about the vaccines’ effects 
on the potential for onward transmission 
(Kennedy-Shaffer et  al. 2021; Lipsitch and 
Kahn 2021). A complication that has been 
recently recognized is that vaccination itself  
may prevent seroconversion in some vacci-
nated persons who do become infected, lead-
ing to a risk that the use of serologic endpoints 
may overestimate vaccine efficacy against 
infection (Follmann et al. 2022). Finally, vac-
cine efficacy against progression to symptoms 
is another potential endpoint of trials 
(Halloran et al. 2010; Kahn et al. 2019; WHO 
2013).

If  trials are stopped based on aggregate 
numbers of clinical disease cases, they may 
not have sufficient power to detect efficacy 
against rarer outcomes, such as severe disease, 
or efficacy in different subgroups (e.g., age, 
comorbidities) (Lipsitch and Dean 2020). 
Generalizability of the results may therefore 
be limited if, for example, a population of 
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interest has a different age structure than that 
of the trial population. To ensure that SARS- 
CoV- 2 vaccines were well evaluated in highest- 
risk populations, the U.S. FDA specified that 
trials “should include adequate representa-
tion of elderly individuals and individuals 
with medical comorbidities” (FDA 2020). 
Moderna’s COVID-19 vaccine trial set mini-
mum enrollment targets for adults over 65 and 
adults under 65 who were categorized as being 
at increased risk upon screening (Moderna 
2020). They also adjusted site selection and 
enrollment processes during the conduct of 
the trial to increase the numbers of partici-
pants from racial and ethnic minorities (Baden 
et al. 2021). Other potential solutions include 
(1) setting minimum thresholds for the num-
ber of cases in each subgroup that must be 
met before interim analyses are performed, (2) 
continuing placebo-controlled follow-up for 
longer (though this has other implications as 
discussed above), or (3) obtaining estimates in 
post-approval observational studies (dis-
cussed below).

In vaccine trials, the usual endpoint is a 
time-to-event one. This requires being able to 
know robustly the time at which an individual 
acquires the disease, which is not always pos-
sible or easy. An alternative primary endpoint 
is disease or infection status at the end of the 
study or at a follow up, a “binary” endpoint. 
Here there are competing considerations for 
satisfying the first two scientific objectives of 
the trial. While a trial with a binary endpoint 
may require fewer resources and enable the 

trial to start (and finish) earlier, all else equal; 
a time-to-event analysis has higher power to 
detect an effect because it uses more informa-
tion (George et  al. 2014; Syed et  al. 2016); 
however, given that events are rare, the results 
are typically very similar. Though often 
unknown, the nature of the vaccine mecha-
nism (i.e., leaky vs. all-or-nothing) also 
impacts the choice of analysis (Smith et  al. 
1984).

3  Adaptive Vaccine Trial Design

3.1  Adaptive Designs: Basic 
Concepts

A traditional, non-adaptive trial (. Fig. 3) is 
implemented in three steps: a trial design and 
study size are chosen, then the trial is con-
ducted, and finally the data are analyzed at 
the end of the trial according to a pre-defined 
analysis plan. Adaptive designs (. Fig.  3) 
make clinical trials flexible (Shih 2006) by 
allowing the use of data accumulating in the 
trial to modify the trial’s course according to 
pre-specified rules while maintaining the 
validity and integrity of the trial. Crucially, 
such a priori planned adaptations are funda-
mentally different from unplanned ad hoc 
modifications, which are common in tradi-
tional trials (e.g., alterations to the eligibility 
criteria). A second defining feature of an 
adaptive design is that, because data will be 
examined during the course of the trial, ensur-

Traditional �xed-sample design:

Adaptive design:

DESIGN CONDUCT

ADAPT REVIEW

DESIGN CONDUCT ANALYSE

ANALYSE

       . Fig. 3 Schematic of  a 
traditional clinical trial 
design with fixed sample size 
(top), and an adaptive design 
with pre-specified review(s) 
and adaptation(s). Adaptive 
designs are useful for address-
ing analysis challenges, such 
as some of  those that arose 
during the COVID-19 
pandemic. (Pallmann et al. 
2018) (Creative Commons 
Attribution 4.0)
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ing the integrity and validity of results as part 
of the design is crucial. Integrity of the trial 
requires ensuring that trial data and processes 
are not compromised, e.g., minimizing infor-
mation leakage at the interim analyses that 
could introduce biases in the rest of the study 
(Fleming et al. 2008). To ensure the validity of 
an adaptive design one must ensure that the 
trial answers the original research questions 
adequately, e.g., by ensuring type I error 
(rejection of a true null hypothesis or false 
positive) is controlled at a target level despite 
the multiple looks at the data (Graf et  al. 
2014) and by producing accurate estimates of 
treatment effects and correct p-values (Bauer 
et al. 2009).

Well-recognized adaptations that these 
designs permit include: stopping the trial at 
an early stage to declare success or lack of effi-
cacy (futility) by sequential monitoring, 
changing the randomization ratio of patients 
to trial arms during the trial interim analysis, 
re-estimating the sample size needed to detect 
a certain treatment effect, changing the doses 
or arms examined during the trial (i.e., aban-
doning existing arms/doses or adding new 
ones), and identifying patients most likely to 
benefit from a treatment in order to focus the 
study and recruitment efforts on them. 
Whenever feasible, adaptive designs may 
allow for clinical trials that are more efficient, 
informative, and/or ethical than trials with a 
fixed design (Graf et al. 2014). Early stopping 
for success or futility is common in vaccine 
efficacy trials, particularly in the emerging 
infectious disease setting where urgency is 
heightened. Most COVID-19 trials included 
one or more interim looks, timed according to 
the number of primary endpoints observed. 
In a Phase I/II/III trial of Pfizer-BioNTech’s 
BNT 162b2 vaccine, a first analysis was 
planned after 32 cases. After discussion with 
the FDA, the company revised their first 
interim analysis to 62 cases. Because of high 
incidence rates during the conduct of the trial, 
the evaluable case count reached 94 cases 

when the data monitoring committee reviewed 
the first analysis (Pfizer and BioNTech 2020). 
The vaccine met its pre-specified efficacy suc-
cess criteria at that time.

Adaptive trial designs have been used in 
therapeutic trials across early and late stages 
for more than 25  years now (Bauer et  al. 
2009). Despite their obvious benefits in many 
situations, there still remain some important 
practical barriers for a more widespread use 
of these designs, such as lack of expertise or 
experience. Before the COVID-19 pandemic 
started, concerns of how funders and regula-
tors would perceive adaptive designs were an 
important reason why they were still far from 
an established practice (Pallmann et al. 2018). 
Despite that, they had been increasingly used 
over the decade preceding COVID-19 
(Bothwell et al. 2018).

The COVID-19 pandemic and the unprec-
edented response in terms of  clinical research 
activity that came with it dramatically 
changed the picture for adaptive designs. 
This research needed to be conducted as rap-
idly as possible and under considerably large 
uncertainty (e.g., over the natural history of 
the disease, the number and population of 
patients affected, and the emergence of  new 
potential therapies/vaccines). These chal-
lenges made the use of  adaptive designs for 
clinical trials a particularly attractive option 
in the context of  a novel infectious disease 
such as COVID-19 (Stallard et  al. 2020). 
Additionally, adaptive design methods were 
also found useful to address the conse-
quences the pandemic had on ongoing clini-
cal trials begun in non- COVID- 19 conditions 
(many clinical trials answering important 
questions were stopped, or temporarily 
paused to possibly restart later, some with 
important modifications) (Kunz et al. 2020). 
Adaptive trial design analytical methodology 
proved useful for getting interpretable results 
from trials that had to be stopped before 
their original endpoints or were stopped and 
later restarted.
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       . Fig. 4 Demonstra-
tion of  stopping 
boundaries in a 
two-stage group 
sequential design. 
(Burnett et al. 2020) 
(CC BY 4.0)

3.2  Possible Adaptations 
for Innovative Vaccine Trials

In this section, we will consider some popular 
forms of adaptations that have been proposed 
and used in therapeutic trials (including for 
COVID-19 treatments). To the best of the 
authors’ knowledge, most of these adapta-
tions have not yet been implemented in vac-
cine trials. Some have been proposed or used 
within the context of an emerging epidemic 
for therapeutic trials (e.g., changes to the ran-
domization). Here, we discuss the potential 
for specific benefits and challenges of the dif-
ferent adaptations in a vaccine trial context.

3.2.1  Multi-arm Multistage Trials
In general, a sequential monitoring approach 
can be applied to two-armed or multi-arm tri-
als (also known as multi-armed, multi-stage 
trials). In the latter case, a trial may start with 
a number of experimental treatment arms (or 
vaccine candidates) and a common control 
arm to which all arms are compared. These 
designs include interim decision points at 
which data will be analyzed and a decision for 
each arm compared to control will be made: 
either an arm is dropped for futility or its 
superiority is declared (in both cases early 

stopping of the arm is decided); or the trial 
continues to the next stage (if  the final recruit-
ment target has not been reached yet). The 
trial as a whole can also stop early if  all arms 
are dropped because of futility, and at the 
final stage of the trial, a decision (either effi-
cacy or futility) must be made.

Possible adaptations in a multi-arm setting 
include early stopping boundaries to either 
select arms during the trial or to early stop the 
complete trial (that preserves power and type 
I error (. Fig.  4) (Jennison and Turnbull 
1999)). These boundaries can be defined using 
a frequentist approach, e.g., based on Magirr 
et  al. (2012), using traditional statistics 
(Ghosh et al. 2017), or based on a Bayesian 
approach, using posterior probabilities of the 
treatments being efficacious. Brueckner et al. 
(2018) compare different approaches to 
boundary definition for evaluating treatment 
options in the context of emerging epidemics.

Testing several vaccine candidates at the 
same time (those with promising efficacy and 
safety data from Phases I and II) allows for a 
faster speed of development (compared to 
parallel trials that may start at different time 
points and require multiple study set ups) and 
for readily concentrating resources on promis-
ing vaccine candidates. An additional advan-
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tage of these designs comes from extra 
efficiency gains from a common control group 
(Parmar et  al. 2008). In terms of a vaccine 
trial, a common control arm would reduce the 
number of unvaccinated participants when 
the control arm is a placebo arm, which could 
enhance the public health benefit of the trial 
if  the vaccines are effective (objective 3). 
Specific statistical considerations for vaccine 
trials with multiple candidates may need con-
sideration. Some of particular importance 
from the Ebola virus disease (EVD) crisis cen-
tered around the appropriateness of multi-
plicity adjustment when doing hypothesis 
testing and type I error control (which impacts 
on the required size of the study), the optimal 
size for a placebo control group in a multi- 
arm setting (i.e., optimal in terms of effi-
ciency), and the timing of interim analysis in 
terms of overall or pairwise comparisons 
(Nason 2016).

A potential disadvantage of adaptive 
designs that allow for early stopping is that 
even if  their expected sample size is smaller 
than that for a fixed trial design, their maxi-
mum sample size could indeed be larger than 
that (Lai and Shih 2004). These families of 
adaptive designs may potentially impact all 
objectives in a vaccine trial; for example, when 
early stopping is triggered there are efficiency 
gains (objective 1), negative impact on preci-
sion of the estimate (objective 2), and possibly 
earlier roll-out (objective 3).

3.2.2  Adaptive Platform Trials
Adaptive Platform Trials provide a recent 
example of the ideas described above. These 
trials “study multiple interventions in a single 
disease (or condition) in a perpetual manner, 
with interventions allowed to enter or leave 
the platform on the basis of a decision algo-
rithm” (Adaptive Platform Trials Coalition 
2019). A specific adaptation that is possible in 
a platform trial is to add new experimental 
treatments as the trial progresses. Platform tri-
als provide considerable operational efficiency 
(Schiavone et al. 2019). This approach enabled 
the Randomized, Embedded, Multifactorial 
Adaptive Platform trial for Community 
Acquired Pneumonia (REMAP-CAP, 

NCT0273570) trial to be rapidly adapted to 
study COVID-19 patients. An FDA (2021) 
guidance cites platform trials as a potential 
approach for evaluating drugs intended to 
treat or prevent COVID-19. There are several 
other recent examples of platform trials, such 
as the Solidarity and RECOVERY trials 
(7 In Practice 14.1) (RECOVERY trial 2022; 
WHO 2022a, b).

3.2.3  Response-Adaptive 
Randomization

Response-Adaptive Randomization uses 
accumulating outcome data to change the 
randomization probabilities within a trial to 
meet a predefined objective. These objectives 
include efficiency (e.g., maximizing power for 
a given sample size), ethical advantages (e.g., 
allocating more participants to the superior 
arm if  it exists), or a combination of both 
(e.g., minimizing treatment failures subject to 
a power constraint) (Hu and Rosenberger 
2006). While the most popular randomization 
method aims for a balanced allocation of 
treatments, most commonly 1:1  in two-arm 
trials, this may be suboptimal where multiple 
experimental objectives compete against each 
other. The use of response-adaptive random-
ization during a vaccine trial could, for exam-
ple, try to attain a minimum power level for 
the trial (objective 1) while maximizing the 
number of participants that receive an active 
vaccine (objective 3). An additional advan-
tage, particularly in multi-arm platform trials, 
is to identify groups of patients in which a 
vaccine works (or works better). The use of 
response adaptive randomization for treat-
ments in an emerging epidemic was consid-
ered by Berry et al. (2016) and has been used 
in REMAP-CAP. More recently, Johnson 
et al. (2021) discuss the use of this adaptation 
in simulated COVID-19 two-armed vaccine 
trials.

Response-adaptive randomization has 
generated controversy over its use in practice 
since it was first proposed. For a review on the 
practical and statistical issues discussed see 
Robertson et al. (2023). For a debate on its use 
in the context of the COVID-19 pandemic see 
Proschan and Evans (2020) and Villar et  al. 
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(2020). Of course, changes in the randomiza-
tion ratio during the trial require specific anal-
ysis at the end to protect the study from bias 
and preserve inferential validity of the results 
(Brueckner et al. 2018).

3.2.4  Sample Size Re-estimation
Sample size calculations are performed prior 
to the start of a trial and require assumptions 
about both the hypothesized treatment effect 
and its variability. Sample size re-estimation 
uses data accumulated during the trial to 
update the estimated sample size. If  informa-
tion on the estimated treatment effect is used 
to re-estimate sample size, the analysis must 
be adjusted to preserve validity of the infer-
ence (Proschan 2009), but there are forms of 
sample size re-estimation—based on nuisance 
parameters such as the estimated variability 
of the treatment effect—that permit the trial 
to be analyzed in the same manner as if  the 
sample size had been decided upon in advance.

Vaccine trials, especially those designed 
rapidly, may make their sample size calcula-
tions based on highly uncertain assumptions 
about both incidence in the control arm and 
the magnitude of vaccine effect. A planned 
sample size re-estimation could involve an 
interim look at the data after some number of 
events have been observed in the trial to decide 
whether to prolong follow-up, add partici-
pants, or both in the event that the interim 
look suggests the planned follow-up will be 
inconclusive. During the COVID-19 pan-
demic, the sample size of a large Phase III trial 
of the single dose Ad26.COV2.S vaccine from 
Janssen was reduced from 60,000 to approxi-
mately 40,000 (Sadoff et al. 2021). This change 
reflected the higher than anticipated incidence 
of COVID-19 during the trial.

3.2.5  Integrating Data Across Trials
Ideally, a single vaccine trial will be sufficiently 
large to reliably assess the efficacy and safety 
of a vaccine. For COVID-19 vaccine trials, 
this was achieved by running trials with very 
large numbers of participants (>30,000) and, 
in some cases, over 100 distinct participating 
sites across multiple global regions. For exam-
ple, the randomized, double-blind, placebo- 
controlled, individually randomized Phase III 

ENSEMBLE trial of the single-dose Janssen 
Ad26.COV2.S vaccine had sites in Argentina, 
Brazil, Chile, Colombia, Mexico, Peru, South 
Africa, and the United States (Sadoff et  al. 
2021). By including sites in distinct geographic 
regions, this multi-site design is considered 
more robust to uncertainty in COVID-19 epi-
demiology, as the trial can continue to accrue 
endpoints even if  incidence wanes in one 
region (Dean et  al. 2020a). As new SARS- 
CoV- 2 variants emerged in these regions, the 
ENSEMBLE trial was fortuitously one of the 
first to provide randomized estimates of vac-
cine efficacy against these novel strains.

A multi-country trial with a shared master 
or core protocol is ideal, as it ensures consis-
tency of the study procedures (Dean et  al. 
2020a). Nonetheless, situations can occur 
where there are multiple, independently run 
trials evaluating the same vaccine. In that 
case, it may be advantageous to combine 
information across these trials to create a 
stronger evidence base. An interim report on 
the Oxford-AstraZeneca ChAdOx1 nCoV-19 
vaccine published in the Lancet included data 
from four distinct blinded, randomized, con-
trolled trials in three countries (Voysey et al. 
2021b). These studies had a variety of differ-
ences in their design, including study popula-
tions and control arm (i.e., placebo, or 
meningococcal conjugate vaccine), yet they 
were deemed sufficiently similar to be pooled 
into a combined analysis. This required exten-
sive discussion with regulators to ensure that 
the results were of acceptable quality.

3.3  Opportunities and Challenges 
for Adaptive Designs 
in Vaccine Trials

Adaptive designs, in their many different 
forms, can offer efficiency gains (understood 
as a higher power to detect a certain vaccine 
efficacy level), the possibility of gathering 
conclusive evidence sooner or with fewer sub-
jects than a traditional trial, or even the 
chance of vaccinating more participants dur-
ing the trial and afterward. Each adaptation 
considered can produce one of these effects or 
a combination of them.
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In some cases, the adaptations considered 
can alleviate trade-offs between the objectives, 
while in other cases they can create new trade- 
offs. As mentioned before, allowing for early 
stopping for efficacy can reduce the number 
of trial participants needed to achieve a cer-
tain statistical power level while simultane-
ously allowing for more participants to receive 
the vaccine due to earlier roll-out (positively 
impacting both objectives 1 and 3). However, 
as shown in Johnson et  al. (2021), certain 
types of response adaptive randomization 
considerably increase the number of partici-
pants vaccinated during a 2-arm trial com-
pared to a traditional fixed randomized 
design, but they also require a larger sample 
size, creating a conflict between objectives 2 
and 3.

In general, adaptive designs also present 
practical challenges for implementation, some 
of which will perhaps be more relevant in a 
vaccine context than in a treatment one. First, 
most adaptive designs require a quickly 
observable endpoint that needs to also be clin-
ically meaningful. For long-term observable 
endpoints, as in vaccine trials, early predictors 
of final outcome can be considered as end-
points for adaptation purposes, and the long- 
term outcome can be used for the final analysis 
of the trial (Krams et al. 2009). The utility of 
adaptive designs also depends on recruitment 
pace. If  most or all patients are recruited and 
treated at the same time, adaptations are 
harder or impossible to implement. This cre-
ates a tension between the desire to complete 
recruitment as fast as possible (objectives 1 
and 2) and the recruitment pace that would be 
ideal for an adaptive design with different 
objectives (objectives 1 and 3).

Methodological papers proposing adap-
tive designs usually do not consider the pace 
of recruitment versus the length of follow-up 
of the endpoint when quantifying the effi-
ciency advantages of adaptive designs (Wason 
et al. 2019). Establishing the optimal recruit-
ment pace for a given endpoint and a given 
adaptive design can be done by running simu-
lations that resemble potential scenarios and 
exploring the impact that these can have on 
different operating characteristics of the 
designs.

An additional issue to consider is that 
adaptive designs require interim analyses to 
be conducted quickly and to a high standard. 
This requires an effective infrastructure that 
will, for example, return data for the interim 
analysis promptly and completely; data que-
ries and cleaning also have to be dealt with 
fairly quickly (Wason et  al. 2019). Adaptive 
designs naturally imply staggered randomiza-
tion and treatment of participants so that 
data can be partially observed and used to 
inform future decisions. If  the pace of the 
adaptation matches that of practical recruit-
ment constraints (given, for example, by vac-
cine availability), then the design will not 
artificially slow down the trial’s progress. If  an 
adaptive design is to be considered in situa-
tions in which the trial’s duration might have 
to be extended in order to adapt, then the 
effects of the epidemic’s dynamics should be 
factored into reporting the operating charac-
teristics and resulting trade-offs of such a 
design (Pallmann et al. 2018).

A final point to consider is that communi-
cating the adaptive design to stakeholders or 
trial participants may be more challenging 
than for traditional trials. Specifically, this 
could create a challenge at the time of obtain-
ing regulatory approval for the study. Adaptive 
designs can raise more questions than tradi-
tional trials as to how the integrity and valid-
ity of conclusions are ensured by the more 
complex design (a priori planned adaptations 
are fundamentally different from unplanned 
ad hoc modifications and require pre-planned 
analysis methods that avoid introducing bias 
into the trial). Explaining simulation results 
to stakeholders usually helps to increase their 
understanding of the benefits and risks of any 
particular design. When possible, seeking reg-
ulatory approval of more complex designs as 
early as possible can help prevent delays 
(Berry et  al. 2016; Multiple treatments for 
Ebola virus disease (EVD) 2015; REMAP-
CAP response to COVID-19 pandemic 2021).

With respect to this last point, it is worth 
noting that the major regulatory agencies for 
Europe and the United States have issued 
detailed guidelines on the use of adaptive 
designs (EMA 2007; FDA 2016, 2019), which 
suggest that the agencies are generally well- 
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disposed toward adaptive trials, especially 
when the design is properly justified and con-
cerns about its validity are addressed.

3.4  Further Considerations 
for Adaptive Designs 
for Vaccine Trials

The adaptive designs described in the previ-
ous sections have been proposed and used in 
the context of clinical trials for treatments 
and/or vaccines. Further innovative adaptive 
approaches could be developed specifically for 
a vaccine trial designed to be run during an 
emerging epidemic. For example, an adaptive 
design could use accumulated data on the pri-
mary endpoints or an available surrogate end-
point to inform the decision on when and 
where to start the trial (which locations and at 
which moment of time) in order to meet a 
desired objective or combination of multiple 
objectives. This would require a complex (and 
novel) trial design that would closely integrate 
practical realities of outbreak epidemiology 
and predictions of the epidemic’s trajectory to 
support decision making. It would also 
require careful consideration of the type of 
epidemics and how this may influence the dif-
ferent weights objectives 1, 2, and 3 of a vac-
cine trial may receive. For example, in the 
context of EVD, a vaccine trial could have 
had a much larger role as a control strategy 
than in a pandemic like COVID-19, in which 
the population at risk—essentially every 
human on earth—cannot be included in the 
trial. A similar consideration has been made 
for the relative benefits of adaptive designs 
and the proportion of patients included in a 
clinical trial (Berry and Eick 1995).

Laber et  al. (2018) propose an approach 
for a trial meant to serve as part of an optimal 
disease control strategy in the context of an 
emerging epidemic. Harling et al. (2017) have 
used simulations to study designs that adap-
tively incorporate information about cluster 
connectivity in the design of cluster random-
ized trials. Their results show that this can 
increase the public health impact of trials, 
especially in acute outbreak settings, but they 
also highlight the computational and model-

ing challenges of developing such an adaptive 
design and the key role of simulations for 
designing and implementing them in practice.

The use of adaptive designs has implica-
tions for the five decisions discussed in 7 Sect. 
3. The choices of randomization unit (indi-
vidual or cluster) and primary endpoint 
(binary or continuous time to event) directly 
affect the portfolio of adaptive methods avail-
able for the final design. Some adaptive 
designs may have been more developed meth-
odologically for individual randomization 
and/or for binary endpoints rather than for 
cluster randomized trials and/or continuous 
(time to event) endpoints. For example, the 
adaptive multi-armed multistage approach 
offers no clear advantages in terms of requir-
ing smaller expected sample sizes if  the pri-
mary endpoint is a time to event one and trial 
participants can and will be followed indefi-
nitely until the event of interest occurs 
(Emerson et al. 2011); response-adaptive ran-
domization methods have been extensively 
developed for binary outcomes and individual 
randomization, and less work has been done 
for continuous endpoints or cluster trials 
(Williamson and Villar 2019). Similarly, meth-
odological work in adaptive designs has 
mostly considered the control arm to be pla-
cebo or active standard of care rather than a 
delayed administration of the same treatment.

Finally, the choice of trial population 
(general versus high risk) may be revisited 
during the trial rather than being fixed in 
advance. An adaptive design could aim to 
dynamically identify groups of patients that 
benefit more from a specific treatment, similar 
to the way biomarker-led adaptive trials use 
accumulated data on efficacy endpoints to 
determine which population (if  any) maxi-
mizes power of a trial by being included in it 
(Harling et al. 2017; Wason et al. 2015).

4  Additional Considerations

4.1  Seamless Designs

Traditional drug and vaccine development 
consists of a sequence of independent experi-
ments in different phases. In vaccine trials, 
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Phase I experiments that study safety profiles 
of vaccine candidates and Phase II immuno-
genicity studies are conducted before a study 
focusing on efficacy of the vaccine takes place. 
Usually, not only is there a considerable time 
interval between the phases, but also late 
phase trials are evaluated as stand-alone tri-
als, ignoring data from previous phases.

Seamless designs formally link trials of 
different phases by combining them into one 
single trial implemented in two or more stages 
(Bretz et al. 2006; Kennedy et al. 2017). In the 
first example mentioned above, one or more 
treatments are selected after the first stage 
based on the available data, and carried on for 
further study in the second stage. Seamless 
designs can offer different advantages and 
may be classified as operationally or inferen-
tially seamless (Cuffe et  al. 2014; Mahajan 
and Gupta 2010). This design was used in 
evaluation of some SARS-CoV-2 vaccines 
(NIH 2021b).

An operationally seamless design—an 
early trial followed by a confirmatory one 
wherein the data of each stage is analyzed 
separately—has a common protocol, allowing 
for time savings on logistics, approvals, etc., 
and therefore positively impacting objectives 
1 and 3. An inferentially seamless design com-
bines data from both phases to make the final 
inference, which may provide further advan-
tages in terms of power and the resulting esti-
mation, potentially impacting objectives 1 
and 2 of a vaccine trial. Furthermore, 
 inferential seamless designs may also be adap-
tive (Maca et al. 2006) if  there is a treatment 
of subgroup selection based on the first-stage 
data that will determine the hypothesis to be 
studied in the second stage of the trial.

4.2  Observational Study Designs

Randomization ensures that under a null 
hypothesis of no vaccine effect, the distribu-
tion of the outcome (e.g., time of infection) 
will be closely similar on average between the 
arms of the trial, with variability that can be 
predicted statistically. This strengthens infer-
ence compared to a situation where access to 
the vaccine is not assigned randomly but 

depends on factors about the individual par-
ticipant, such as belonging to a cluster or a 
vulnerable group; the latter case raises the 
possibility that those who do and do not get 
the vaccine have systematically different dis-
tributions of the outcome, even apart from 
any effect of the vaccine, which could result in 
incorrectly observed vaccine efficacy under 
the null hypothesis (Senn 2012). However, as 
discussed above, not all measures of interest 
regarding vaccine efficacy will be obtainable 
in most trials (e.g., subgroup efficacy). 
Observational studies, while limited by the 
potential for confounding and selection bias, 
provide an opportunity to gain additional 
information about vaccines’ effectiveness. A 
wealth of additional questions can be 
answered post authorization or approval, as 
has been seen with the COVID-19 pandemic, 
including information about effectiveness in 
different subgroups; after a single dose in a 
two-dose regimen; in populations different 
from the trial population; against genetic vari-
ants not common at the time of trials; and 
against transmission, asymptomatic infection, 
and viral load (CDC 2021; Lipsitch and Dean 
2020; Richterman et al. 2021). Ongoing work 
to enhance the robustness of observational 
studies is important both for their routine use 
in areas like influenza (Lipsitch et  al. 2016; 
Sullivan et  al. 2016), and for their potential 
use in emergencies (WHO 2021a).

4.3  Incorporating Pathogen 
Sequence Data into Vaccine 
Evaluation

As evidenced during the West African Ebola 
epidemic (Emmett et al. 2015; Gire et al. 2014; 
Park et  al. 2015) and the COVID-19 pan-
demic, advances in pathogen sequencing tech-
nology are making sequencing during an 
epidemic more of a reality (Martin et  al. 
2021). The ability to reconstruct transmission 
networks using a combination of sequence 
and epidemiologic data could enhance the 
estimates obtained from vaccine trials. For 
example, it could permit estimation of vaccine 
efficacy against infectiousness, that is, the 
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reduction in transmission by an infected vac-
cinated individual compared to an infected 
unvaccinated individual (Kahn et  al. 2021). 
This would provide a more complete under-
standing of the public health and cost- 
effectiveness of future vaccination campaigns. 
Sequencing can also help provide estimates of 
vaccine efficacy or effectiveness against 
genetic variants, a critical question for SARS- 
CoV- 2 as more variants continue to emerge.

4.4  Simulations

Computer simulations are useful tools for bet-
ter understanding stochastic disease transmis-
sion dynamics and for assessing the impact 
different interventions could have on the 
course of outbreaks (7 Chap. 24). For vac-
cine trial design and analysis, simulations can 
provide important insights (Halloran et  al. 
2017; Martin et al. 2021). They can be used to 
compare and contrast the different choices 
described above, such as the implications of 
randomization unit on power and sample size 
(Hitchings et al. 2017, 2018); to identify effi-
cient methods for estimating vaccine efficacy 
against all infection (Kahn et  al. 2019); to 
make area-specific predictions, aid in trial site 
selection, and assess feasibility (Dean et  al. 
2020b; Madewell et al. 2021); or to quantify 
ethical tradeoffs in design choices (Bellan 
et  al. 2017), including impact on operating 
characteristics of different types of adaptive 
designs for a therapeutic trial in the context of 
an epidemic (Brueckner et al. 2018; Johnson 
et al. 2021).

Advance preparation of principles and 
protocols for vaccine trials before epidemics 
emerge is critical for ensuring vaccine trials 
can start as early as possible in the course of 
an epidemic, as has been recognized in pan-
demic planning for some time (HHS 2016; 
Pandemic Preparedness Partnership 2021). 
Simulations can be very valuable for illustrat-
ing a design choice to stakeholders and for 
assessing the robustness of design to different 
assumptions, for example, studying the effect 
of different recruitment and participation 
rates on key operating characteristics. 
Simulations also provide a fast and efficient 

way to narrow down the range of possible 
trial designs and to identify innovative solu-
tions both before an epidemic emerges and in 
the early days of an outbreak (7 Chap. 25).

4.5  Comparing Ebola 
and SARS-CoV-2 Vaccine Trial 
Experiences

Experiences during the West African Ebola 
epidemic led to insightful and innovative 
research on improving vaccine trials in these 
urgent settings. The distinct experience of the 
COVID-19 pandemic has further challenged 
us but has also yielded new growth and insights. 
The contrast between vaccine trial conditions 
and choices in these two episodes is a reminder 
of the unique challenges arising in each infec-
tious disease emergency and the importance of 
these conditions in guiding vaccine and treat-
ment trial design. Future epidemics are likely 
to challenge us in new ways and may call for 
the use of more innovative designs.

Broadly speaking, among the major prac-
tical challenges facing Ebola vaccine trials 
were patchy, episodic outbreaks that were 
beginning to decline as trials were being rolled 
out, while intense debates about the ethics of 
placebo control were ongoing. This led to 
numerous proposals and eventually to an 
innovative, cluster-randomized, stepped- 
rollout delayed-vaccination-controlled, ring 
vaccine trial in Guinea that followed cases 
and vaccinated rings of contacts and contacts- 
of- contacts (Henao-Restrepo et al. 2017).

In contrast, the COVID-19 pandemic was 
global with high attack rates in the general 
population. Large, uncontrolled epidemics in 
multiple countries with experience and infra-
structure for vaccine trials (e.g., the United 
States, United Kingdom, Brazil, and South 
Africa) created the conditions for rapid results 
to be obtained from trials of multiple vaccines 
with very traditional designs: individually 
randomized, placebo-controlled, parallel- 
rollout, in the general population, with 
laboratory- confirmed symptomatic infection 
as primary endpoints. At the other extreme, 
some vaccines (e.g., Sputnik V, EpiVacCorona, 
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and Convidecia) were rolled out before formal 
efficacy trials were completed (Corona Virus 
Vaccine Tracker: Russia 2021). Likely due in 
part to the different disease severity profiles 
between SARS-CoV-2 and Ebola and the 
intended use case to vaccinate billions glob-
ally, debates about the ethics of placebo (at 
least for trials of first-generation vaccines) 
were remarkably absent for COVID-19 vac-
cine trials (Eyal and Lipsitch 2021).

5  Conclusion

Multiple factors will influence the choices 
made in the design and analysis of vaccine tri-
als conducted during an outbreak of an 
emerging or re-emerging infectious disease. 
Many of the decisions made will depend on 
the setting and epidemiologic characteristics 
of the outbreak and will likely be influenced 
by factors beyond researchers’ control, such 
as the impact of conflict on outbreak response 
strategies (Maxmen 2019). To recapitulate, we 
have discussed five key choices that must be 
made in all trials:
 1. individual vs. cluster randomization
 2. placebo vs. active control vs. delayed 

administration
 3. general vs. high-risk trial population
 4. parallel vs. stepped implementation
 5. clinical and statistical end points

These choices must be made in the context of 
the three main objectives noted at the begin-
ning:
 1. Test the null hypothesis of no or minimum 

effect of the vaccine candidate in a rigor-
ous fashion.

 2. Estimate the efficacy of the vaccine candi-
date.

 3. Maximize the public health impact of the 
vaccine trial, for both trial participants 
and the broader community, which we 
could roughly characterize as
 (a) The net benefit (protection from infec-

tion minus adverse events) to trial par-
ticipants.

 (b) The benefit to the broader community 
if  the vaccine is shown to be safe and 
efficacious by the trial.

When these three objectives conflict, inno-
vative designs can help balance competing 
objectives. We have highlighted potential ways 
adaptive designs can aid in this, as well as the 
need for simulations to enhance the robust-
ness of trial design and analysis. We also 
advocate careful consideration of the impor-
tance of the different aims of a vaccine trial 
up front, before the trial starts, in order to find 
and select a design (adaptive or not) that is 
optimal with respect to those aims and practi-
cally feasible. Whenever possible, harmoniza-
tion and standardization of trial protocols 
should be considered to help ensure consis-
tent evaluation of vaccine candidates (NIH 
2021a; WHO 2021b).

? Discussion Questions
Short Questions
 1. What are the three main objectives of vac-

cine efficacy trials conducted during epi-
demics of emerging infectious diseases?

 2. List the five key choices that must be 
made in trial design.

 3. What is the historical default vaccine 
trial design?

 4. Provide four examples of  factors and 
steps involved in the selection of  trial 
design.

 5. List the guiding principles of  vaccine 
trial design.

 6. Explain the differences between individ-
ual and cluster randomization and give 
an example where each may be used.

 7. Discuss the advantages and disadvan-
tages of  placebo-controlled trials.

 8. Give examples of  target vaccine trial 
populations.

 9. Describe two examples of  primary end-
points in vaccine trials and how these 
might be measured.

 10. Explain the basic concepts of  adap-
tive design.

Long Questions
 1. Describe the opportunities and chal-

lenges of  employing adaptive designs 
for vaccine trials.

 2. Discuss how different pathogen char-
acteristics and outbreak contexts can 
influence decisions on vaccine trial 
design.
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       . Fig. 5 Contrasting trials. 
(Authors)

Application of Knowledge to Scenario
Vaccine trials in response to Ebola virus 
and SARs-CoV-2 have followed different 
paths, as illustrated in . Fig. 5.

Apply the lessons learned from prior 
vaccine trials to a scenario of a future 
unknown pathogen (Pathogen X) or a 
current pathogen of concern (e.g., Nipah 
virus) requiring a vaccine trial:
 1. Describe a planning and implementa-

tion process for a vaccine trial (identify 
different aims up front before trial 
starts that is practically feasible).

 2. Identify the potential trial types you 
would consider.
 (a) What interventions could mitigate 

potential conflicts among the three 
main objectives of  efficacy trials?

 (b) What simulation tools could be uti-
lized to enhance the robustness of 
trial design and analysis?

 (c) What examples of  harmonization 
and standardization of  trial proto-
cols should be considered, when 
possible, to help ensure consistent 
evaluation of  vaccine candidates?
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 Basic design features of a ring trial for a 
candidate medical intervention and its ori-
gins

 5 Rings and how they are identified
 5 Key advantages and disadvantages of a 

ring trial approach
 5 Settings in which a ring trial design would 

be most valuable or not feasible
 5 Modifications that could make the ring trial 

approach useful for other settings
 5 The Ebola vaccine ring trial conducted in 

Guinea and the validity of its results
 5 A hypothetical infectious disease emer-

gency that lends itself  to a ring trial of med-
ical countermeasures

1  Introduction

A ring trial is a flexible trial design where 
recruited participants are directly or indirectly 
linked to a newly diagnosed infectious disease 
case (7 Chap. 22). Participants linked to the 
same index case form a ring that can then be 
randomized as a cluster to an intervention or 
control, or individually randomized within 
the ring. The design thus targets a population 
at increased risk of disease, reducing sample 
size requirements relative to designs that 
enroll populations without this epidemiologi-
cal link (Ebola Ça Suffit Ring Vaccination 
Trial Consortium 2015). This has the poten-
tial to accelerate the acquisition of evidence 
which is critical in a health emergency. Ring 
trials are also designed to be more responsive 
than other trial protocols to the evolving epi-
demiology of an epidemic. Mobile trial teams 
can move into new hotspots as they emerge 
and out of areas where incidence has waned. 
The ring design is well-suited to evaluate fast- 
acting interventions intended to interrupt 
transmission in an outbreak setting, such as 
single-dose vaccines and targeted antiviral 
prophylaxis (Halloran et al. 2007). The design 
will be valuable in settings where spatial and 
temporal trends in disease incidence are highly 
unpredictable, so trials with pre-selected sites 

risk being underpowered. In this section, we 
discuss the origins of the ring trial design and 
its use in the West Africa Ebola epidemic, 
summarize its advantages and disadvantages, 
and lay out considerations for generalizing the 
design to other contexts.

2  Origins of Ring Vaccination

Ring trials are closely modeled after the sur-
veillance and containment strategy of ring 
vaccination. In this targeted strategy, vaccine 
is provided to individuals who are socially or 
geographically connected to an index case. 
This may include household contacts, neigh-
bors, and contacts who visited the symptom-
atic patient (see . Fig. 1). With an efficacious 
vaccine, ring vaccination creates a buffer of 
immune people around each new case in order 
to prevent further spread of infection. 
Importantly, secondary cases may not be pre-
ventable by vaccination as these individuals 
may already be infected at the time of vacci-
nation (unless the vaccine has postexposure 
prophylactic effects), but an effective vaccine 
could prevent future spread within a ring. 
This strategy was central to the public health 
achievement of smallpox eradication in the 
1970s (Foege et al. 1975).

Ring vaccination as a containment strat-
egy is most effective when cases primarily 
occur within known transmission chains 
(Kucharski et al. 2016), requiring a sensitive 
contact tracing system. It is suited to diseases 
that are transmitted through person-to- person 
contacts and most transmission occurs after 
the onset of symptoms and asymptomatic 
infections either do not occur or are respon-
sible for little onward transmission. The strat-
egy is also most effective for controlling 
disease when the pathogen’s reproduction 
number is not too high (Merler et al. 2016), so 
other concurrent control measures may be 
needed to bring down levels of transmission. 
The effectiveness of the approach depends 
upon how quickly the intervention can be 
deployed. It is most effective when response 
times are rapid and the vaccine is fast-acting 
(Merler et al. 2016).
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       . Fig. 1 What is a vaccination ring? Example from Ebola virus disease. (Figure from Henao-Restrepo et al. (2016))

3  Design of the Original Ring Trial

Though ring vaccination dates back to small-
pox, the concept of a randomized ring trial 
was first described in 2015 (Ebola ça Suffit 
Ring Vaccination Trial Consortium 2015), 
and the first randomized ring trial was con-
ducted in Guinea during the 2014–2016 West 
African Ebola epidemic to evaluate the efficacy 
and effectiveness of the candidate rVSV- 
ZEBOV vaccine (Foege et  al. 1975; 
Henao-Restrepo et al. 2015). The Ebola ring 
vaccination trial design worked as follows (see 
also . Fig.  2). Laboratory-confirmed cases 
of Ebola virus disease were detected by active 
or passive surveillance, and then served as 
potential index cases for the formation of new 
rings. As Ebola primarily spreads through 
person- to- person exposure to bodily fluids, 
the rings were comprised of contacts and con-
tacts of contacts of the index Ebola virus dis-
ease (EVD) case (see . Fig. 1). Contacts were 
individuals who lived in the same household, 
visited or were visited by the index case after 
the onset of symptoms, provided him or her 

with unprotected care, or prepared the body 
for the traditional funeral ceremony; contacts 
of contacts were neighbors of the index case 
plus the household members of any high-risk 
contacts living away from the index cases’ res-
idence (Henao-Restrepo et  al. 2015). 
Importantly, rings were not contiguous geo-
graphic areas but reflected individuals’ social 
networks, which could include contacts fur-
ther afield.

Once an index case was identified, local 
social mobilization teams were deployed to 
visit the index patient’s residence. With com-
munity consent for the trial (7 Chaps. 18 and 
30), a second team enumerated and listed con-
tacts and contacts of contacts. Preliminary 
eligibility criteria (e.g., age) were applied to 
generate a list of ring members to be con-
tacted for informed consent. On the basis of 
this preliminary list, an independent statisti-
cian randomly allocated rings to either imme-
diate or delayed (21 days later) vaccination in 
a 1:1 ratio using a block randomization proce-
dure stratified by location (urban vs. rural) 
and size of rings (≤20 vs. >20 eligible individ-
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Newly laboratory con�rmed case

Random allocation of ring

Immediate vaccination Delayed vaccination

Follow-up for outcomes

Comparisons

E�cacy

E�ectiveness
Eligible, vaccinated Eligible, not vaccinated

E�cacy-comparison of eligible members of the two treatment arms
E�ectiveness-comparison of all members of the two treatment arms

Not eligible, not vaccinated

Follow-up for outcomes

Rapid de�nition of socio-geographical ring (based on place of residence of new case and contacts)

       . Fig. 2 Schematic presentation of  the design of  a ring vaccination trial during an outbreak of  an infectious dis-
ease. (Ebola ça Suffit Ring Vaccination Trial Consortium 2015)

uals). Study teams obtained individual 
informed consent from eligible ring members, 
while reasons for non-enrolment were 
recorded. Study allocation was revealed after 
informed consent, at which time vaccine was 
administered per randomized schedule.

Participants were visited on days 3, 14, 21, 
42, 63, and 84 to assess safety. Contacts were 
followed up in accordance with usual surveil-
lance practices to identify new cases of EVD 
in enrolled and non-enrolled ring members. 
The primary outcome was laboratory- 
confirmed EVD 10 or more days after ran-
domization; the analysis period was shifted to 
allow time for vaccinated individuals to 
develop protective immunity or for disease 
incubation, as symptom onset times were 
observed rather than infection times (Dean 
et al. 2018). Confirmed cases arising in non- 
enrolled ring members contributed to second-
ary analyses of vaccine effectiveness, including 

overall and indirect vaccine effectiveness 
(Halloran et al. 2010).

4  Results of the Original Ring Trial

The original ring trial started with a short 
pilot phase in which three clusters were allo-
cated to immediate vaccination. Afterward, 
new confirmed cases were assessed for eligibil-
ity as index cases. Reasons for a case not 
becoming a ring index case included delayed 
case reporting, inadequate capacity, negative 
attitude toward the trial in the community, 
security issues, negative Ebola tests at the ref-
erence laboratory, or the case already having 
been included in an existing ring.

At a planned interim analysis, 90 clusters 
with a total of 7651 people had been random-
ized, of which 4394 contributed to the pri-
mary analysis. In the pre-specified primary 
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analysis, no immediately vaccinated individu-
als developed symptoms 10 or more days after 
randomization, as compared to 16 individuals 
in seven clusters in the delayed vaccination 
arm. Estimated vaccine efficacy was 100% 
(95% confidence interval 74.7–100%). 
Following the interim analysis, the data safety 
monitoring board advised discontinuing the 
delayed vaccination arm. Subsequent clusters 
were allocated to immediate vaccination only, 
and a summary of  117 randomized and 
non- randomized clusters was published as a 
final analysis after the end of the epidemic 
(Henao- Restrepo et al. 2017). In 2016, during 
an EVD flare-up in Guinea, the then unlicensed 
rVSV- ZEBOV vaccine was deployed via a sim-
plified version of the ring vaccination trial pro-
tocol without randomization, under an 
expanded access mechanism (Gsell et al. 2017).

5  Advantages of the Ring Trial 
Approach

The ring trial approach has several key fea-
tures that make it well-suited for emergency 
response research (see . Fig. 3). Its greatest 

advantage is that it enrolls a high-risk popula-
tion expected to have comparatively high 
attack rates, reducing the total sample size 
requirements for the trial (see Ring vaccina-
tion—by the numbers). This is critically impor-
tant during outbreaks, as low overall incidence 
and waning transmission are obstacles to 
assessing efficacy. Though the Ebola ring vac-
cination trial was launched after the peak of 
the epidemic in Guinea (see . Figs. 3 and 4), 
the trial captured a sizable fraction of cases 
from the tail of the epidemic curve as new 
index cases, primary endpoints, or secondary 
endpoints in ring members not eligible for 
vaccination. The design is flexible, respon-
sively following the epidemic as it progresses. 
As outbreaks are highly unpredictable, a stan-
dard design that pre-selects trial sites runs the 
risk of being conducted in locations where no 
transmission occurs, further contributing to 
low power.

The ring trial approach has practical 
advantages, including a naturally phased roll-
out, which can be valuable where resources 
are limited (Kahn et al. 2018; Lipsitch et al. 
2015). Another advantage is that mobile 
teams can efficiently vaccinate and conduct 

Advantages Disadvantages
Targets exposed individuals with a higher 
attack rate. Requires fewer overall 
participants than a trial in a more general 
population.

Exposed contacts may not be satisfactorily 
representative of the desired population. For 
example, there could be under
of age or risk groups. 

-representation 

Flexible design can quickly adapt to an 
evolving outbreak by focusing on where cases 
are spreading. Does not require exact pre-
specification of trial populations.

Requires a flexible trial infrastructure that can 
be quickly activated to approve, enroll, and 
vaccinate at a new location when an index 
case is identified.

Phased roll-out, where participants are 
recruited over time, is useful when resources 
are limited.

More challenging to conduct the trial, 
including administering the vaccine and 
collecting laboratory samples, in the field than 
at health centers.

Aligns naturally with and can support the 
ongoing efforts of contact tracing teams.

Because the period of highest risk is 
concentrated around the time of vaccination, 
the results may be sensitive to the definition 
of the per protocol analysis period. May not 
be suitable for evaluating long-term vaccine 
effectiveness.

Based on the public health strategy of ring 
vaccination, the trial itself may aid in the 
overall reduction of disease spread.

Best for a vaccine that rapidly induces 
immunity. May not be appropriate for a 
vaccine that requires multiple doses.
The recruitment rate may be unpredictable, 
with uncertain periods between defining new 
rings. 

The trial design can generate insights on the 
effectiveness of ring vaccination, indirect 
effects of the vaccine, and detailed data on 
transmission within rings. 

       . Fig. 3 Summary of  advantages and disadvantages of  the ring trial design. (Author)
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       . Fig. 4 Weekly incidence of  Ebola in Guinea 2014–2015, and key dates in the ring vaccination trial. (Figure 
courtesy of  Anton Camacho)

Box 1: Ring Vaccination—By the Numbers
Although the largest recorded Ebola outbreak, 
Ebola virus disease was still a rare event in the 
general population during the West African 
epidemic. Over the entire epidemic, 28,616 
cases were reported in the three highly affected 
countries of  Guinea, Liberia, and Sierra Leone 
(WHO Ebola Response Team 2016); with a 
combined population size of  22 million, the 
overall attack rate was approximately 0.13%. 
Note that this attack rate includes the early 
peak of  the epidemic before trials were 
launched, but we use this attack rate for the 
purposes of  this example. Assuming 70% vac-
cine efficacy, an individually randomized con-

trolled trial with a cumulative incidence of 
0.13% would require sample sizes exceeding 
20,000 people per arm to achieve power of 
90% (two-sided log-rank test with α = 0.05 to 
rule out a null hypothesis of  0% efficacy).

In contrast, for a ring trial, a cumulative 
incidence of  Ebola virus disease of  2% within 
rings is possible. Even after inflating the sam-
ple size to account for an assumed intracluster 
correlation coefficient of  0.05, approximately 
5000 people per arm (95 rings per arm) are 
required to achieve a power of  90% (vaccine 
efficacy = 70%, two-sided test with α = 0.05 to 
rule out a null hypothesis of  0% efficacy). Thus, 

follow-up visits around the same time in the 
same location, at participants’ places of resi-
dence. Trial teams can work in conjunction 
with outbreak response teams. The pragma-
tism of the design is evidenced by the success 
of the Guinea trial, which was conducted in a 
resource-poor setting and in a crisis.

Finally, the ring trial can yield several dif-
ferent useful estimates of intervention effec-
tiveness. Though vaccine trials are typically 
analyzed per protocol, counting only cases 
that occur after a sufficient lag period, one can 
analyze the data without this lag using an 
intention-to-treat approach. This yields an 
estimate of the effectiveness of the ring strat-

egy in that population. For fast-moving dis-
eases, slow-acting vaccines, or if  there are 
excessive delays in reaching communities, 
early cases would reduce the effectiveness of 
the strategy as measured by the intention-to- 
treat approach. It is possible for a vaccine to 
be efficacious when provided well in advance 
of exposure but for a ring trial to return a 
negative result, indicating that it would not be 
well-suited for ring vaccination (Yung 2015). 
Finally, because the design enrolls clusters of 
participants in common networks, cluster 
randomized ring trials can also be used to 
estimate indirect and overall effects of vac-
cines (Halloran et al. 2010).
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6  Limitations of the Ring Trial 
Approach

The ring trial approach also has several limi-
tations (see . Fig.  3). Primarily, the design 
must be weighed against a more traditional 
trial where eligibility is not defined by expo-
sure. Unless the pathogen is especially slow 
moving, the ring trial approach is not well- 
suited to evaluate multi-dose vaccines. 
Because vaccination and exposure occur 
within the same narrow time window in a ring 
trial, the primary analysis is particularly sensi-
tive to the definition of the per-protocol 
period (Dean and Longini 2022). To reduce 
bias, a conservative choice is to select a long 
time lag, yet this could result in reduced power 
if  transmission rapidly wanes within rings due 
to other interventions (Dean et  al. 2018). 
Relatedly, unless there are frequent reintro-
ductions to the population, the design is not 
well-suited for evaluating long-term vaccine 
efficacy. Mathematical simulations are valu-
able for exploring the properties of a proposed 
design incorporating context-specific features 
and can guide the selection of this period 
(Hitchings et al. 2017).

As a practical limitation, the ring trial 
design requires a flexible trial infrastructure 
that can be activated quickly to approve, enroll, 
and vaccinate at a new location. This may not 
be logistically feasible in all settings. It may 
also be more challenging to conduct the trial 
procedures in the field than at health centers. 
Cold-chain technology to deliver the vaccine 
to remote locations may be needed. Where 
existing clinical research infrastructure exists 
within a region, it is advantageous to leverage 
this. Hybrid designs that use both clinical sites 
and mobile teams may be a compromise.

As recruitment into the trial is directly 
linked to incidence in the region, the rate of 

recruitment can be unpredictable, with uncer-
tain periods between defining new rings. For 
zoonotic diseases with infrequent spillovers, 
like Nipah virus disease in Bangladesh, mod-
eling suggests that even a targeted design like 
a ring trial may be infeasible because of low 
incidence (Nikolay et  al. 2021). If  new rings 
are relatively rare, so that only one or a few 
rings are defined during a time period or in a 
location, a cluster-randomized design is espe-
cially prone to chance imbalances across the 
trial arms. Individual randomization within 
rings is then preferred, as it is not prone to this 
problem. Finally, enrolling only exposed con-
tacts could lead to under-representation of 
certain age or risk groups that are important 
to include for regulatory decision-making.

7  Applying the Ring Trial 
Approach to New Settings

The ring trial approach can be generalized in 
several ways to make it useful for other set-
tings. As noted earlier, the unit of randomiza-
tion could be individuals within rings instead 
of the entire rings (individual vs. cluster ran-
domization), where the former is operationally 
feasible and acceptable to the community. Such 
a design would be expected to have a lower 
overall sample size requirement than the clus-
ter-randomized equivalent (Hitchings et  al. 
2017). While participants of the original ring 
trial were not blinded to their allocation, a 
blinded control is recommended to reduce the 
potential for bias (Nason 2016). A wide array 
of control arms could be used, including pla-
cebo control, a product targeting an unrelated 
but geographically relevant disease, delayed 
intervention, or a product with previously 
demonstrated efficacy against the same target 
disease (in the form of a non-inferiority trial).

even though cluster-randomized trials are tradi-
tionally less statistically efficient, the planned 
sample size was one-quarter of that required for 
an individually randomized trial because of the 

increased event rate. An individually randomized 
trial within rings, which would not need to be 
inflated for intracluster correlation, would have 
an even smaller sample size requirement.
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While the original conception of the ring 
trial was contact-based, it is clear that other 
definitions of “rings” could be utilized and 
might be preferred, depending on the nature 
of the disease (Dean et al. 2019). Rings could 
be geographically defined, as might be suit-
able for vector-borne diseases. Rings could be 
households or clusters of households. In the 
case of nosocomial transmission, rings could 
be hospitals. General guiding principles 
require a mechanism to maintain clear separa-
tion between rings and limit contamination, 
and that rings should be large enough to cap-
ture third (or beyond) generations of cases.

Finally, the trial design has a natural rela-
tionship with trials of targeted prophylaxis, 
including post-exposure prophylaxis. A ring 
trial approach has been proposed for evaluat-
ing post-exposure prophylaxis with lopinavir/
ritonavir for the prevention of COVID-19 dis-
ease in adults exposed to SARS-CoV-2 (Smit 
et  al. 2020). Single households are random-
ized as a cluster to the proposed regimen or 
no treatment, and the analysis follows an 
intention-to-treat approach.

8  Summary

The innovative ring trial approach is a prime 
example of how research activities can be an 
important part of emergency response. In 
Guinea, the ring vaccination trial was both a 
randomized clinical trial, generating valuable 
data on vaccine efficacy and effectiveness to 
support regulatory decision-making and a 
strategy for deploying a new technology likely 
to fight the spread of disease. The trial estab-
lished that ring vaccination with rVSV was a 
feasible and useful intervention for Ebola 
(Gsell et  al. 2017), supporting policymakers 
such as the WHO Strategic Advisory Group 
of Experts on Immunization. Overall, the ring 
trial was successful because it was flexible, fea-
sible, and highly targeted. It has great poten-
tial for future applications in emergency 
response research to evaluate fast-acting 
interventions in settings where outbreaks are 
very localized and where infected individuals 
and exposed contacts can be readily identi-
fied. Individual randomization within rings is 

more statistically powerful than cluster ran-
domization, and blinding is highly recom-
mended to reduce the potential for bias. 
Alternative definitions of “rings” may be used 
to suit different pathogen and outbreak con-
texts, including geographically defined rings. 
Ring trials are expected to be most valuable 
when more traditional trial approaches are 
underpowered because of low or unpredict-
able future incidence.

? Discussion Questions
Short Questions
 1. Describe the design of  a ring trial.
 2. Describe the origins and design of  the 

original ring trial in Guinea.
 3. Outline the key advantages of  a ring 

trial approach.
 4. Outline the key disadvantages of  a ring 

trial approach.
 5. In what settings would a ring trial design 

be most valuable?
 6. Describe at least one setting in which a 

ring trial approach may not be feasible.
 7. Give examples of  modifications that 

could be made to the ring trial approach 
to tailor it to different disease settings 
(Dean and Longini 2022).

Long Questions
 1. Discuss the characteristics of  a hypo-

thetical emergency that would lend itself  
to a ring trial of  medical countermea-
sures.

 2. Describe how mathematical modeling 
can be used to explore the design and 
feasibility of  a ring trial.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The (data and safety monitoring board) 
DSMB role in clinical trials

 5 Why the DSMB should review protocols 
and monitoring plans before participant 
enrollment

 5 How DSMB responsibilities may change 
for trials conducted in response to public 
health emergencies. How this difference 
may influence DSMB composition

 5 Monitoring boundaries for interim review 
and the importance of specifying them 
beforehand

 5 Why a DSMB might stop a clinical trial at 
an interim review during a public health 
emergency

 5 The DSMB role in the PREVAIL I Ebola 
vaccine trial and what differed from that of 
a DSMB monitoring a non-emergency trial

 5 How the integrity of trial results could be 
damaged by unblinding interim data while 
the trial is ongoing

 5 When unblinding data from an ongoing 
clinical trial is acceptable

1  Introduction

Clinical trials are essential for the development 
of evidence-based treatments and vaccines. 
During infectious disease outbreaks, there is 
substantial pressure to implement and con-
clude trials very quickly to meet three strategic 
goals: (1) save lives and avert suffering; (2) 
accelerate the end of the outbreak; and (3) 
develop nonpharmaceutical and medical 
countermeasures (MCMs) to prevent and mit-
igate future outbreaks (7 Chap. 22). In this 
chapter, we describe the monitoring of clinical 
trials in general, with special emphasis on tri-
als of infectious disease MCMs during public 
health emergencies. We present issues arising 
from COVID-19 treatment trials and a case 
study of the Partnership for Research on 
Ebola Vaccines in Liberia (PREVAIL) first 
trial comparing two candidate Ebola vaccines 
versus placebo during and after the 2014–2015 
Ebola outbreak in West Africa (7 In Practice 
23.1) (Kennedy et al. 2017).

Clinical trials are monitored by a group of 
outside experts not affiliated with the trial 
called the Data and Safety Monitoring Board 
(DSMB), also called Data Monitoring 
Committee (DMC), among other names. An 
excellent reference on the workings of DSMBs 
and practical aspects of monitoring clinical 
trials is Ellenberg et al. (2019). Useful guide-
lines for DSMBs may be found in Calis et al. 
(2017) and Fleming et  al. (2017). A DSMB 
usually consists of three to nine experts 
including physicians, statisticians, and an ethi-
cist. Their role is to (1) ensure the safety of 
participants; (2) monitor outcome data to 
determine whether the data conclusively sup-
port superiority of one arm over another at 
an interim analysis; (3) monitor the integrity 
of the trial, including trial participant accrual, 
timeliness in submitting forms, loss to follow-
 up, and so on; and (4) stop the trial for futility 
if  enough evidence has accrued to indicate the 
trial will not be able to answer its intended 
question, or the treatment under study has no 
chance of being shown superior.

It is critical that DSMB members are not 
affiliated with the trial and have no major con-
flicts of interest, as this could jeopardize their 
impartiality or the perception of impartiality. 
For example, if  they have a consulting 
arrangement with a company that has a com-
peting product, their objectivity may be ques-
tioned. Consequently, before each DSMB 
meeting, members must sign conflict of inter-
est forms disclosing any conflicts or certifying 
that there are none.

The first DSMB meeting usually occurs 
before the trial begins enrolling. The board 
reviews the protocol for the trial, including 
the design, statistical analysis, and monitoring 
plans for safety, efficacy, and futility. The 
study team often presents mock tables and 
graphs with made-up data to illustrate the for-
mat in which data will be presented to the 
DSMB throughout the trial. The board may 
express concerns or require modifications to 
these. This initial DSMB meeting is vital to 
ensure that the study team and DSMB agree 
on and understand their roles and responsi-
bilities and the plan for monitoring, particu-
larly with respect to the ongoing provision of 
information of adverse safety events as the 
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trial progresses and on the frequency of any 
interim analyses of efficacy. Disagreements or 
confusion should be clarified before any real 
data from the trial are presented.

After the trial has begun, the DSMB meets 
periodically to review data and make recom-
mendations to the trial sponsor about whether 
to continue as is, make changes such as drop-
ping a poorly performing arm, or pausing or 
stopping the entire trial. The trial could be 
paused or stopped because of concerns about 
safety or study integrity or stopped because 
one arm is clearly superior to the other or the 
trial is very unlikely to show benefit of the 
treatment. Recommendations are expressed in 
a written summary provided by the DSMB 
after each meeting. Generally, no data by 
treatment group or information about the 
interim estimates of efficacy is given in such 
reports for ongoing trials.

A DSMB sometimes recommends discon-
tinuation of the trial in a subgroup of partici-
pants. For example, in the Adaptive 
COVID-19 Treatment Trial 3 (ACTT-3) 
(7 Chap. 15) comparing interferon beta 1-a 
plus remdesivir to remdesivir alone for the 
treatment of patients with COVID-19, an 
excess of serious adverse events on interferon 
1-a among participants requiring high-flow 
oxygen or non-invasive ventilation caused the 
DSMB to recommend stopping enrollment of 
such patients to the trial, while continuing 
enrollment of participants requiring less oxy-
gen (NIAID 2020). The DSMB further rec-
ommended against opening enrollment to 
patients on invasive mechanical ventilation or 
extra-corporeal membrane oxygenation 
(ECMO). The trial sponsor implemented 
these changes. It is important to note that rec-
ommendations from the DSMB are advisory 
to the trial sponsor and the sponsor makes the 
final decision about what action to take, but it 
would be very unusual for the sponsor not to 
implement the recommendations of the 
DSMB.

In many trials, a DSMB might meet once 
or twice per year, but in emerging infectious 
disease trials in the context of a public health 
emergency they may meet more frequently, 
especially early in the trial. This is because the 
safety profile of experimental agents may not 

be well understood, there is pressure to find 
vaccines and treatments quickly, and enroll-
ment and the occurrence of outcome events 
can be very fast. The DSMB monitoring the 
Adaptive COVID-19 Treatment Trial 1 
(ACTT-1) of remdesivir plus standard care 
versus placebo plus standard care received 
weekly safety data electronically (Beigel et al. 
2020).

2  Monitoring for Efficacy

One key role of a DSMB is monitoring for 
efficacy of the investigational treatment. 
Consider a two-arm trial where patients are 
assigned at random to the experimental treat-
ment or the control group. During interim 
monitoring, comparisons of the treatment 
versus control groups are repeatedly reviewed. 
In a single comparison, the treatment would 
be considered effective if  it is superior to con-
trol with respect to the pre-defined primary 
outcome (e.g., if  mortality is lower in the 
treatment group compared to control) and the 
probability of such a strong result if  there was 
no true difference, called p-value, is below a 
pre-specified limit. Small p-values suggest that 
chance alone is unlikely to explain observed 
results if  there really is no difference between 
treatment arms: formally, a p-value is the 
probability of a difference in outcomes as 
large or larger than that observed, computed 
under the assumption that the treatment has 
no effect. While p-values of 0.05 or less are 
often considered sufficient evidence for supe-
riority in a single comparison, when a trial is 
monitored many times, otherwise unlikely 
results might eventually occur by chance even 
if  the treatment has no real effect. This phe-
nomenon may be illustrated by considering 
the chance that an unskilled dart thrower 
throws a dart and hits the bull’s eye. The 
chance of this may be very low in a single 
throw, but if  allowed enough tries, even an 
unskilled dart thrower will eventually hit the 
bull’s eye. The standard way to account for 
multiple tries (interim analyses) in clinical tri-
als is to require stronger evidence at each look 
than would be needed if  there were only a 
single look. This is accomplished through 
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monitoring boundaries, on which a very brief  
introduction is given below. More statistical 
detail may be found in Jennison and Turnbull 
(2000) or Proschan et al. (2006).

A monitoring boundary may be expressed 
in terms of values for test statistics or in terms 
of p-values for the treatment difference. For 
example, DSMB guidelines may recommend 
stopping a trial for efficacy at an interim 
review if  the p-value for the treatment differ-
ence is smaller than the p-value boundary for 
this review, i.e., when the interim data provide 
high confidence that the experimental treat-
ment is superior. Examples of monitoring 
boundaries are given in . Fig. 1.

An intuitive approach for constructing 
monitoring boundaries would be to divide the 
acceptable limit of false positives (called the 
“Type I error rate,” e.g., 5%) by the number of 
interim looks, which is called the Bonferroni 
method for multiple comparisons (i.e., if  two 
looks are planned, the Type 1 error rate would 
be set at 2.5% for each look). That would 
result in equal cut-offs for the tests at each 
interim look, but it would also require a very 
small p-value for the final comparison when 
the trial is complete and, thus, a large sample 
size. Therefore, monitoring boundaries are 
often constructed by distributing the total 
acceptable Type I error unequally, requiring 
overwhelming evidence for a treatment differ-
ence early in the trial and relaxing the Type I 
error to closer to 5% when the trial nears com-
pletion. This corresponds to very high bound-
aries for the z-statistics and very small p-values 
to end the trial at an early interim analysis. In 
the early stages of a trial, unusual things can 
happen that might not occur once investiga-
tors are more familiar with the trial proce-
dures. The last thing we want is to stop an 
important, expensive trial and then realize 

that the observed difference between arms 
could be explained by things like misunder-
standings or incorrect measurements. 
Furthermore, patients admitted early in a trial 
may differ from later patients.

A recent trial of the antiviral molnupiravir 
against Covid-19 illustrates this point (Bernal 
et al. 2022). In an interim analysis, the antivi-
ral was shown to reduce risk of hospitaliza-
tion or death by 50% (28/385 vs. 53/377), and 
emergency approval of the treatment was 
sought with these results. However, in analysis 
of the full data, the risk reduction was only 
30% (48/709 vs. 68/699 for hospitalization or 
death). Temporal differences in infectious dis-
ease trials can result from changing standard 
of care, introduction of vaccines, different 
variants, and other factors. Using very high 
early z-score boundaries also allows the level 
of evidence required to declare a statistically 
significant result at the planned end of the 
trial to be close to what it would be with no 
monitoring.

A counterargument to having very high 
early boundaries in an epidemic setting is that 
there is an imperative to quickly find effective 
vaccines and treatments, but also to quickly 
discard ineffective vaccines and treatments, so 
that limited resources can be redirected. 
Therefore, some have argued for more lenient 
early monitoring boundaries such as those 
provided by the triangular test (Whitehead 
1997). There is a tradeoff: for a fixed sample 
size, power is greater using traditional, high 
early boundaries and lower late boundaries, 
but the trial is more likely to stop early for 
either efficacy or futility with lower early 
boundaries. As a result, the expected duration 
of a trial is shorter with lower early boundar-
ies, but the results are more robust with high 
early boundaries. We eschew this debate and 
focus on traditional, higher early boundaries 
and lower later boundaries.

The Haybittle-Peto and O’Brien-Fleming 
boundaries (Haybittle 1971; O’Brien and 
Fleming 1979) are high early and low at the 
end. Expressed in terms of the p-value 
required to declare statistical significance, 
these boundaries require very small p-values 
to stop early, but the p-value required at the 
end of the trial is close to 0.05. For a trial with 

       . Fig. 1 P-value boundaries for Haybittle–Peto and 
O’Brien–Fleming procedures with four equally spaced 
looks. (Authors)
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four equally spaced analyses, the p-value 
thresholds at each analysis using the 
Haybittle–Peto or O’Brien–Fleming methods 
are shown in . Fig. 1. The first three analyses 
would be planned to be conducted when 25, 
50, and 75% of data have accrued, and the 
fourth (“final”) analysis would be conducted 
when the trial is completed.

The Haybittle–Peto boundary is crossed at 
any interim analysis if  the p-value is 0.001 or 
less, and at the final analysis if  the p-value is 
0.05–3 × (0.001) = 0.047 or less. One appeal-
ing feature of the Haybittle–Peto boundary is 
its simplicity. Regardless of the number of 
interim looks, each uses the same p-value cut-
off  0.001, and the p-value cutoff  at the final 
analyses is 0.05 minus the product of the num-
ber of interim analyses and 0.001. The 
O’Brien–Fleming boundary is much more dif-
ficult to cross than the Haybittle–Peto bound-
ary at the first interim analysis; the p-value 
must be 0.00005 or less. By the halfway point, 
the O’Brien–Fleming boundary becomes less 
conservative than the Haybittle–Peto bound-
ary. . Figure  1 shows that the required p- 
values are 0.004 for O’Brien–Fleming versus 
0.001 for Haybittle–Peto at the second interim 
analysis. Because the tiny p-value required by 
O’Brien–Fleming at the first analysis virtually 
precludes an early stop at the first analysis, 
some protocols truncate the O’Brien–Fleming 
early boundaries at, say, 0.001, and then fix 
later boundaries to ensure an overall error 
rate of 0.05.

Boundaries depend on the amount of data 
accrued at the time of review, expressed as 
“information time”; the boundaries in 
. Fig.  1 were calculated for interim reviews 
conducted at equally spaced information 
times (25, 50, 75, and 100%). In a trial with a 
binary outcome like 28-day mortality, this 
corresponds to the first review conducted 
when 25% of participants reach 28  days of 
follow-up, the second review after 50% of par-
ticipants reach 28 days, and so on. When the 
outcome is time to an event rather than occur-
rence of an event by a fixed, prespecified time, 
the relevant information is the proportion, 
among all events expected by the end of the 
trial, that has been observed by the time of the 
interim analysis. For example, in a trial that 

continues until 100 deaths have occurred, the 
amount of information after 46 deaths is 46%. 
Given that the DSMB may not be able to con-
vene at the exact time required by an equal 
spacing of interim looks, Lan and DeMets 
(1983) proposed an alternative method 
whereby a pre- specified spending function dic-
tates how much error probability to “spend” 
by different points in the trial, depending on 
the amount of information accrued. Whenever 
the DSMB meets, a boundary is constructed 
that spends the allotted error probability at 
that time. The best spending functions spend 
the error probability slowly at first and more 
quickly toward the end of the trial. This results 
in conservative early boundaries that are very 
similar to those of O’Brien–Fleming. Most 
trials today use the Lan-DeMets spending 
function approach for efficacy monitoring.

3  Monitoring for Futility

A DSMB sometimes recommends stopping a 
trial for futility. This could be operational 
futility, meaning that there are serious threats 
to the integrity of the trial that prevent mean-
ingful conclusions. For example, accrual of 
trial participants may be so slow that the trial 
could not be completed within a reasonable 
time, or participants may be dropping out or 
changing treatments at a much higher rate 
than expected. Our focus is not on operational 
futility, but on futility in the sense that accu-
mulating data show no effect, or even harmful 
effect, of treatment compared to control. In 
an extreme case, the final result might be com-
pletely determined at an interim analysis. For 
example, it is theoretically possible for the 
observed treatment effect to be so disappoint-
ing that even if  planned enrollment were to be 
completed and all newly enrolled treatment 
patients were to have a good outcome and 
control patients a bad outcome, the result 
would not be statistically significant. In that 
case, there is little reason to continue. Stopping 
because the outcome is guaranteed to be null 
is known as curtailment. A much more com-
mon scenario is stopping when the final out-
come is very likely to be null. We assess this 
through conditional power, the conditional 

625
23 Data and Safety Monitoring of Clinical Trials During Public Health Emergencies



 

       . Fig. 2 Predicted interval plot based on observed data augmented with simulated future data. (Authors)

probability of reaching a statistically signifi-
cant benefit at the end of the trial, given 
results observed so far (Lan et al. 1982; Lan 
and Wittes 1988). If  conditional power is very 
low, we may want to stop for futility. This 
might be formalized by a rule such as: stop if  
conditional power drops below 20%. Such a 
rule is known as stochastic curtailment because 
it is a probabilistic variant of curtailment. (Be 
aware, though, that some authors use “sto-
chastic curtailment” as a synonym for condi-
tional power.)

Conditional power requires assumptions 
about future data. The primary conditional 
power calculation should use the pre-specified 
treatment effect for which the trial was pow-
ered. This is usually an assumption about 
treatment effect that has turned out to be 
overly optimistic, if  stopping for futility is a 
current consideration. Another option is to 
compute conditional power assuming the 
treatment effect observed thus far will con-
tinue, the so-called current trend. That feels 
like it would result in a more accurate fore-
cast, but there is a lot of variability in the cur-
rent trend estimate of treatment effect. As a 
result, conditional power computed under the 
current trend has poor properties, especially if  
computed before approximately one-third of 
the trial has been completed. The probability 
of erroneously stopping for futility can be 
unacceptably high when conditional power is 
computed under the current trend. DSMBs 
often ask for conditional power to be com-
puted in several different ways to get a full pic-

ture about whether continuation of the trial is 
futile.

A useful graphical display to accompany 
conditional power calculations is the predicted 
interval plot (Evans et al. 2007; Li et al. 2009). 
Projected confidence intervals at the end of 
the trial are computed using the current data, 
augmented with simulated future data. This 
gives a quick pictorial representation of con-
ditional power; if  most of the confidence 
intervals include the null value, conditional 
power is low. For example, . Fig. 2 shows a 
predicted interval plot in which approximately 
90% of the predicted confidence intervals for 
the risk difference between treatment and 
control include the null value of 0; each line 
represents an interval calculated with current 
data augmented with simulated data assum-
ing the hypothesized treatment effect for 
future enrollments. Phrased differently, 
. Fig.  1 illustrates a case where only about 
10% of predicted confidence intervals at the 
end of the trial would indicate statistical sig-
nificance (i.e., the lower bound of the interval 
exceeds zero), corresponding to a conditional 
power of 10%. Here, stopping for futility due 
to low conditional power would be a consider-
ation.

4  Practical Aspects of Monitoring

The protocol-specified interim monitoring 
boundaries are typically considered guide-
lines, not mandates, for DSMB recommenda-
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tions. Efficacy decisions are almost never 
driven solely by crossing a boundary but fol-
low a comprehensive evaluation of all avail-
able data. In some circumstances, the DSMB 
might recommend continuation of a trial even 
though the interim monitoring boundary for 
efficacy has been crossed. For example, there 
may be safety signals in the interim data that, 
if  confirmed, could potentially offset the ben-
efit observed for the primary (efficacy) end-
point. In this case, the trial might continue 
until the benefit/risk profile is more firmly 
established. In the PROMISE trial of mother- 
to- child transmission of HIV, one regimen 
better prevented transmission of HIV but 
resulted in a higher proportion of birth com-
plications (Fowler et al. 2016). In some cases, 
perceptions of the medical community may 
influence the level of evidence required to stop 
a clinical trial. A good example is the Cardiac 
Arrhythmia Suppression Trial (CAST), 
undertaken to determine whether suppression 
of cardiac arrhythmias in patients with a prior 
heart attack reduces the probability of sudden 
death/cardiac arrest (CAST II Investigators 
1992; CAST Investigators 1989). DSMB 
deliberations included a concern that, because 
of the prevailing medical opinion that arrhyth-
mia suppression was beneficial, only very con-
vincing evidence to the contrary would be able 
to dispel this myth. CAST I and II did demon-
strate convincing evidence that suppression of 
arrythmias with the medications used was 
harmful to patients. Because a DSMB must 
weigh all circumstances when making recom-
mendations, efficacy boundaries are 
 sometimes regarded as advisory rather than 
binding.

Futility boundaries are often considered 
even less binding than efficacy boundaries. 
For instance, suppose that a futility boundary 
is crossed after all participants have been 
recruited, but not all have completed their 
follow-up period. Unless participants might 
be harmed by ongoing use of the investiga-
tional treatment, or the incremental cost of 
following patients to completion is large, fol-
low- up might be continued to better estimate 
the treatment effect or to obtain useful data 
on secondary outcomes. Alternatively, a trial 
might be stopped for futility before crossing a 

futility boundary if, in addition to the primary 
outcome, important secondary outcomes also 
show no benefit of treatment.

When stopping a trial for efficacy, DSMBs 
often want to see consistency of results across 
different endpoints, methods of analysis, and 
subgroups of participants. In the ACTT-1 
trial alluded to earlier, the benefit seen for the 
primary endpoint of time to recovery was also 
observed for the secondary endpoint of clini-
cal status at Day 15, which was based on an 
eight-point ordinal scale of assessment (Beigel 
et al. 2020). There was a suggestion of benefit 
on mortality, but those results were not statis-
tically significant. Consequently, no claim of 
benefit was made for mortality.

The ACTT-1 trial illustrates the challenge 
of interpreting multiple subgroup analyses. 
One particularly tantalizing finding was that 
mortality for patients on low-flow oxygen at 
baseline seemed substantially lower on 
Remdesivir than on placebo. . Figure  3 of 
Beigel et al. (2020) shows that at Day 29, there 
were 25 deaths on placebo and only 9 on 
Remdesivir in this subgroup, corresponding 
to a hazard ratio for mortality of 0.30, with 
95% confidence interval (0.14, 0.64). Is this a 
real finding or could it be the play of chance?

After all, there were many subgroups, so 
the probability of at least one of them show-
ing an apparent benefit is not small, even if  
remdesivir truly has no mortality benefit for 
anyone. Yusuf et al. (1985) warned of the dan-
gers of over-interpreting subgroup results in 
the ISIS-2 trial of cardiovascular disease by 
illustrating that there was a very striking ben-
efit of aspirin on mortality in patients whose 
astrological sign was other than Gemini or 
Libra, but results in those two signs showed a 
non-significant increase in mortality on aspi-
rin. The point is that if  one is allowed to rum-
mage through enough subgroups, some 
subgroups will show significant differences by 
chance alone. A much larger trial testing rem-
desivir, the Solidarity trial, showed no benefit 
on mortality (Pan et al. 2021; WHO Solidarity 
Trial Consortium 2022) in its initial results, 
but updated results showed a statistically sig-
nificant mortality benefit in non- intubated 
patients. Unfortunately, the Solidarity publi-
cation used a slightly different categorization 
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        . Fig. 3 Outcomes of  ACCT-1 trial. (Beigel et al. 2020)

of patients, so it is not possible to compare 
mortality in ACTT-1 and Solidarity in 
patients on low-flow oxygen at baseline.

5  Case Study: Monitoring a Trial 
in a Public Health Emergency—
The PREVAIL I Vaccine Trial

When the 2014–2016 Ebola virus disease out-
break in West Africa started, preclinical data 
were available for two candidate vaccines, a 
chimpanzee adenovirus 3-based vaccine 
(CHAd3-EBO-Z) and a recombinant vesicu-
lar stomatitis virus-based vaccine (rVSV- 
ZEBOV). To evaluate the efficacy and safety 
of the vaccine candidates, the National 
Institutes of Health (NIH) and the Liberian 
Ministry of Health jointly planned a random-
ized, placebo-controlled Phase II/III trial, the 
Partnership for Research in Ebola Virus in 
Liberia (PREVAIL) study (Kennedy et  al. 

2016, 2017). Volunteers aged 18 years or older 
were randomized 2:1:2:1 to receive the 
CHAd3- EBO- Z (2 mL) vaccine candidate or 
a matched 2 mL saline placebo, or the rVSV-
ZEBOV (1  mL) vaccine candidate or a 
matched 1 mL placebo. The primary objective 
was to determine the efficacy of a single intra-
muscular dose of active vaccine versus the 
pooled placebo group, separately for each of 
the two vaccines. The primary efficacy out-
come for the Phase III study was confirmed 
Ebola infection occurring 21  days or more 
after vaccination, and enrollment of 28,170 
participants was planned. The primary safety 
outcome was the rate of serious adverse events 
(SAEs) experienced within 30 days of vacci-
nation.

Because safety data for the dose to be 
studied were limited, expanded safety and 
immunogenicity data were to be collected for 
the first 600 participants in a Phase II sub- 
study, later expanded to 1500 participants. 
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Follow-up visits occurred at week 1, month 1, 
month 2, and every 2 months through month 
12. In addition to the primary safety endpoint 
(SAEs within 30  days of vaccination and 
through month 12), targeted symptoms and 
injection site reactions were collected within 
30  min after vaccination, after 1  week and 
after 1  month. The targeted symptoms 
included, for example, fever, headache, nau-
sea, and joint and muscle pain, which had 
been observed in preliminary studies. Other 
safety data included changes in blood plasma 
chemistries from baseline to week 1, such as 
blood cell counts and liver-related measures. 
To assess immunogenicity, antibody response 
was to be determined from stored plasma at a 
central lab, from specimens collected at base-
line, week 1, and month 1; later, months 6 and 
12 were added.

For the full Phase III vaccine trial, partici-
pants were to be contacted every 2 months to 
assess Ebola status, until a common closing 
date. Trial development started in October 
2014, at the height of the outbreak, and 1500 
participants were enrolled at the vaccination 
center at Redemption Hospital in Monrovia, 
Liberia for the Phase II sub-study between 
February 2 and April 30, 2015 (Kennedy et al. 
2016).

An independent Data and Safety 
Monitoring Board (DSMB) was convened by 
the National Institute of Allergy and 
Infectious Diseases (NIAID) to oversee the 
study and review interim analyses. The eight 
DSMB members included internal medicine 
and infectious disease clinicians/researchers, a 
pharmacist, a bioethicist, and two biostatisti-
cians. At least two of the DSMB members, 
including the chair, had deep knowledge of 
local healthcare delivery and cultural factors 
in Liberia, where the trial was conducted. The 
interim data reports were prepared by a team 
of three unblinded statisticians at the School 
of Public Health, University of Minnesota.

The main responsibilities of the DSMB 
were (1) to identify developing safety con-
cerns, (2) based on the interim closed data, to 
advise whether and when the initial Phase II 
safety study of 600 participants should be 
expanded to the full Phase III trial, and (3) to 
monitor the full vaccine trial for safety and 

efficacy in preventing Ebola disease. For the 
latter, the Lan-DeMets error spending func-
tion analog of the O’Brien–Fleming bound-
ary was to be used for vaccine efficacy, to 
preserve a one-sided significance level of 
0.0125 for comparing each of the two vac-
cines versus placebo; because the trial tested 
two vaccine candidates versus placebo simul-
taneously, each of the two vaccines versus pla-
cebo comparisons was allocated one-half  of 
the usual allowance of a one-sided Type I 
error (significance level) of 0.025. Interim 
monitoring boundaries for harm also were 
defined based on the primary efficacy end-
point (time to confirmed Ebola virus disease 
occurring 21 days or more after vaccination) 
but used the narrower Haybittle–Peto bound-
aries, at 2.5 standard deviations of the test sta-
tistic early in the trial (one-sided p < 0.006), 
and 2.0 standard deviations (one-sided 
p < 0.023) after 25% or more of the primary 
events had accrued. In addition, the protocol 
specified that the DSMB would monitor 
safety closely and could halt enrolment in the 
event of vaccine-related deaths or SAEs. At 
each interim review, extensive summaries of 
safety data were provided. These included 
comparisons of the vaccine versus placebo 
groups for the primary safety endpoint (rate 
of SAEs within 30  days of vaccination) as 
well as summaries and treatment comparisons 
for targeted symptoms and injection site reac-
tions within 30 min of injection, after 1 week, 
and after 1 month.

Early, intense monitoring was important 
because available safety data were sparse and 
no safety data were available in the West 
African population where the study was tak-
ing place and the vaccine would be needed. It 
was expected that possible adverse effects 
would manifest themselves within days after 
vaccination, and certainly within the first 
month. The first participant enrolled on 
February 2, 2015, when Ebola was still epi-
demic in Liberia, and 276 participants were 
enrolled by February 18, the cut-date for the 
first DSMB report. Due to the fast enroll-
ment, interim safety data accrued very quickly.

A short summary of the DSMB reviews is 
given below and in . Fig. 4. At each meeting, 
the DSMB reviewed the accrued safety data 
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       . Fig. 4 Interim DSMB reviews for the PREVAIL I Ebola trial: Enrollment, number of  participants with primary 
safety endpoint data (at month 1), and main topics. (Authors)

comparing the two active vaccines versus pla-
cebo. For both vaccines, adverse effects sub-
sided within a few days after vaccination and 
tended to be low-grade, symptoms were con-
sistent with preliminary data, and there were 
no safety concerns that would warrant stop-
ping or modifying the trial. Visit attendance 
and data quality were excellent throughout 
the trial. Soon after the trial started enrolling, 
the Ebola outbreak waned in Liberia, and the 
study team worked on expanding the trial to 
areas where the Ebola epidemic was ongoing. 
Due to the pressing need for a vaccine, there 
was intense interest in the accruing safety 
data, and the DSMB repeatedly discussed 
requests for sharing confidential data from 
the ongoing trial.

At its first meeting on January 26, 2015, 
the DSMB discussed the study protocol, 
interim monitoring guidelines, DSMB respon-
sibilities, and the frequency of DSMB reviews 
with the study team. The team had planned to 
enroll 600 participants within 4  weeks and 
asked the DSMB to meet as frequently as 
once a week during this phase to review safety 
and efficacy data. Beyond the initial phase, 

interim data were to be reviewed every 
2–4  weeks, depending on safety and Ebola 
infection rates.

February 24, 2015: The team described 
efforts to develop infrastructure to add clini-
cal sites in Liberia and expand the study to 
Sierra Leone. The DSMB supported the addi-
tion of sites and recommended that the study 
team should consider adding a simple but for-
mal process to assess participants’ under-
standing of the trial to the informed consent 
process. Also, the assay to measure antibody 
responses was complex, and the team 
described efforts to set up the infrastructure 
to rapidly determine antibody responses.

March 10, 2015: The study team asked the 
DSMB whether the accrued safety data per-
mitted expansion of the study to the planned 
Phase III trial, in which large numbers of par-
ticipants would be enrolled. The DSMB rec-
ommendation would have to be based on the 
accrued safety data for 394 participants with 
1 week of follow-up (about 130 per treatment 
group), 59 participants with month 1 data, 
and immunogenicity antibody data for 35 
participants. At this time, the Ebola outbreak 
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was waning in Liberia; there had been no new 
Ebola cases since February 19, 2015. The 
study team described efforts to expand enroll-
ment to countries where the Ebola outbreak 
remained active. The DSMB supported 
expansion of enrollment to the Phase III trial 
and the inclusion of new sites. Given the low 
Ebola incidence in Liberia, the DSMB recom-
mended expanding the collection of immuno-
genicity data (in addition to Ebola status) 
beyond the originally planned 600 partici-
pants. The Board also recommended collect-
ing immunogenicity data at months 6 and 12, 
to assess the durability of antibody responses. 
The DSMB deferred additional guidance 
regarding sample size for a planned Phase III 
study, requesting updated information of 
Ebola incidence in the proposed expansion 
area. The DSMB recommended including 
more women into the study; at this point, 18% 
of participants were women.

March 20, 2015: The team was in negotia-
tions to add clinical sites in Guinea where 
Ebola cases were still occurring, and the DSMB 
recommended moving forward with enrolling 
the Phase III part at other clinical sites with 
Ebola outbreaks. The team noted receiving 
requests to share safety data with outside stake-
holders. The DSMB recommended that only 
the study team leadership should have access to 
pooled outcome data at this time.

April 21, 2015: Version 2 of the protocol, 
with expanded sample size and added week 2 
safety data collection, was approved by the 
Liberian and U.S. research ethics committees 
(RECs, aka institutional review boards or 
IRBs) on April 13–14. Requests by a regula-
tory agency to review closed safety data to 
determine whether the trial could be safely 
expanded were discussed. The DSMB stated 
that it was very closely monitoring the study 
and was interested in addressing regulatory 
concerns while minimizing dissemination of 
data summaries to protect the overall integrity 
of the trial.

May 12, 2015: Enrollment of 1500 partici-
pants into the Phase II safety trial was com-
pleted, and 995 participants had month 1 
follow-up. The DSMB agreed that interim 
month 1 safety data could be shared with out-

side stakeholders, such as vaccine manufac-
turers, the U.S. Food and Drug Administration 
(FDA), and future study participants, to 
inform research and provide reassurance. 
Expansion of enrollment to Guinea for the 
Phase III vaccine efficacy study was again 
supported. At this point, the Ebola epidemic 
was waning, and the low incidence of new 
Ebola cases required a substantially larger 
sample size to assess efficacy of the two vac-
cines with respect to preventing new Ebola 
cases.

June 9, 2015: The team continued efforts 
to implement the study in Guinea. However, 
the incidence of Ebola had decreased sub-
stantially, and now a sample size of 200,000 
would have to be enrolled to adequately power 
the Phase III trial unless incidence increased 
again. The DSMB recommended against 
sharing interim immunogenicity analyses 
before the DSMB could review more com-
plete data. An unblinding report of the month 
1 safety data was distributed to the study team 
leadership, the FDA, and industry partners 
on June 24, 2015.

August 18, 2015: A ring trial of the rVSV 
vaccine had shown efficacy in preventing 
Ebola disease; results had been published on 
July 31, 2015 (Henao-Restrepo et  al. 2015) 
(7 In Focus 22.1). The availability of an 
effective vaccine now ruled out placebo-con-
trolled trials during an active Ebola outbreak. 
Therefore, plans to implement the Phase III 
part of the PREVAIL study were stopped. 
However, open research questions remained, 
including the durability of protection, efficacy 
of the CHAd3-EBO-Z vaccine and other vac-
cine candidates, the risk profile of the vaccines 
in children, and the risk-benefit profile of pre-
ventive, population-based vaccination as 
opposed to ring vaccination of persons who 
had come in contact with Ebola cases.

Designed at the height of the Ebola out-
break 2014–2015, PREVAIL I had the pri-
mary goal of evaluating the safety and efficacy 
of two candidate vaccines in preventing Ebola 
in a placebo-controlled trial. The outbreak 
was over shortly after the trial started, and 
none of the participants contracted Ebola. 
Therefore, there were no clinical endpoints to 
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evaluate the efficacy of the vaccine. The trial 
was continued beyond the end of the outbreak 
to establish prolonged safety of the vaccine, 
and to evaluate durability of immunogenicity 
based on antibody responses. Final results of 
the PREVAIL I study were published in 2017 
(Kennedy et al. 2017).

Based on the preliminary data gained from 
PREVAIL I and other studies, a new strategy 
vaccine trial was designed to investigate the 
risk/benefit profile of the rVSV vaccine with 
and without a second dose, and the J&J Ad26.
ZEBOV and MVA-FN-Filo two-dose vaccine 
regimen. One of the main objectives of the 
follow-up trial was to establish safety and 
immunogenicity profiles among children aged 
1–17  years, in addition to adults, and the 
duration of the antibody response with and 
without a boost. The Partnership for Research 
on Ebola Vaccination (PREVAC) trial 
enrolled adults and children in Liberia, Mali, 
and Guinea between 2017 and 2018 when 
Ebola was not endemic (Badio et al. 2021).

6  Lessons Learned

During an outbreak, clinical trials need to be 
developed in a short time frame, and enroll-
ment can be very fast. There is substantial 
pressure to conclude the trials very quickly, so 
that desperately needed treatments or vac-
cines become available to the at-risk popula-
tion. Nevertheless, it is essential to minimize 
the risk for trial participants and safeguard 
the scientific integrity of the trial. In this, 
independent DSMBs play an important role. 
Below, we list considerations for clinical trials 
during an epidemic that are relevant for the 
work of the DSMB, ranging from the design 
of the study to the composition of the DSMB 
and the conduct of interim monitoring 
reviews.

6.1  Study Design and Conduct

 5 During an epidemic, any health care sys-
tem will be under stress. Consequently, 
intensive data collection may not be pos-

sible. Nevertheless, sufficient data need to 
be collected to ensure trial integrity, safety 
of the participants, and generalizability of 
results. For example, relevant demographic 
and clinical baseline characteristics are 
needed to identify subgroup differences in 
the effect of treatments. Clinically relevant 
endpoints are needed that can be reliably 
ascertained during the outbreak. In PRE-
VAIL I, the primary efficacy endpoint was 
confirmed Ebola virus disease. In a vac-
cine trial, ascertaining immune correlates 
of protection can bolster results and 
greatly advance the field.

 5 Vaccines that are to be given to a large por-
tion of the population in case of a future 
outbreak need to have an excellent safety 
profile, with very few side effects. While 
clinical vaccine efficacy can be established 
only while the disease is active, well- 
designed vaccine trials may be continued 
after the outbreak has ended to establish 
safety and allow the vaccine to be used to 
fight the next outbreak.

6.2  Composition of the DSMB

 5 DSMB members may need to be found at 
short notice. DSMB members should be 
experienced and must know what is 
expected of them. Finding specialists with 
the needed experience may be challenging 
and is necessarily so in the context of a 
novel disease such as COVID-19. There-
fore, having the same DSMB review more 
than one trial in the given disease has great 
appeal. For example, a single DSMB 
reviewed multiple ACTT COVID-19 treat-
ment trials.

 5 Because there may be requests by outside 
stakeholders (e.g., the WHO, FDA, inves-
tigators, and pharmaceutical companies 
planning other trials) to release interim 
data, the DSMB needs to have confident 
leadership and experience to evaluate the 
reliability of interim results, the conse-
quences to the integrity of the trial of 
releasing those results, and how to respond 
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to justified requests for data sharing with-
out jeopardizing the trial.

 5 Due to the compressed time frame for con-
ducting the trial, frequent reviews are 
needed, requiring substantial time com-
mitment from DSMB members. For exam-
ple, the PREVAIL I trial was reviewed 
every 2–4 weeks, and the ACTT-1 trial of 
remdesivir for COVID-19 had weekly 
safety reviews.

 5 It is advisable to duplicate crucial exper-
tise, so that the DSMB can meet at short 
notice even if  one or two members cannot 
attend. Thus the DSMBs for the ACTT 
and PREVAIL trials included at least two 
experienced biostatisticians.

 5 In international trials, DSMBs must 
include representatives from the countries 
in which the study is conducted. When 
local investigators with prior DSMB 
expertise cannot be found at short notice, 
clinicians who have conducted clinical tri-
als in the corresponding countries should 
be sought.

6.3  Preparing Interim Reports 
for the DSMB

 5 Requests to the DSMB by the study team 
should be clearly laid out in the open 
report, as well as responses of the team to 
previous DSMB recommendations.

 5 The unblinded statisticians who prepare 
the interim monitoring reports should 
anticipate the needs of  the DSMB and 
write summaries that address the impor-
tant points and can be easily digested. 
While this applies to any trial, the accel-
erated timetable during an outbreak 
does not leave time to “learn while 
doing”; an experienced team of  statisti-
cians is needed to produce the frequent 
reports.

 5 Given the short time to develop reports, 
statisticians need to work proactively to 
develop code allowing tables to be run 
automatically for the core of the report. 
Additional specific data reports may be 

requested by the DSMB as questions 
emerge, and statisticians need to be able to 
respond quickly.

 5 Interim reports for clinical trials are usu-
ally based on data that are “cut” about 
2–4 weeks prior to the data lock date, to 
allow for delays in submission of data to 
the statistical center, and for resolving 
inconsistencies. Given the time pressure 
during an epidemic, reports may be pre-
pared without any such lag time for data 
cleaning to provide up-to-date data.

6.4  Interim Reviews by the DSMB

 5 DSMB meetings typically contain both 
open and confidential closed sessions. In 
the open session, the study team presents 
updates on enrollment and participant 
characteristics and discusses study con-
duct and future plans with the DSMB. In 
the closed session, the DSMB evaluates 
safety and efficacy based on the confiden-
tial data summaries by treatment group. 
The closed session is also used to find con-
sensus on recommendations to the study 
team.

 5 The fast-paced nature of the trials requires 
frequent meetings at short notice, which 
usually requires teleconferences rather 
than face-to-face meetings. In addition to 
the full DSMB reviews, abbreviated reports 
focused on safety outcomes may be pro-
vided at higher frequency so the DSMB 
can react quickly to emerging safety sig-
nals. The DSMB may choose to review 
such reports without meeting, for example 
by communicating via email.

 5 DSMB members have only a short time to 
review reports and thus need to plan care-
fully. Hundreds of pages of data summa-
ries may be provided just 4 or 5 days before 
the review meeting. This also poses a chal-
lenge to the statisticians who prepare the 
reports, as reports need to be concise while 
still presenting the needed information to 
comprehensively evaluate safety and effi-
cacy.
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 5 DSMB members need to work closely as a 
team, as their joint expertise is needed. It is 
beneficial to have some face-to-face meet-
ings to build trust for an efficient working 
relationship among DSMB members, as 
well as between the DSMB and the study 
team and other stakeholders. In particular, 
when the DSMB recommends closing or 
modifying a trial, the study leadership and 
investigators need to trust the DSMB to 
draw correct conclusions from interim data.

7  Conclusion

Clinical trials conducted during an outbreak 
are essential to provide evidence-based deci-
sions on which treatments or vaccines are safe 
and efficacious. DSMBs overseeing such trials 
have a huge responsibility and dedicate an 
immense amount of time and effort.

DSMB members are under tremendous 
pressures: both to maintain the highest scien-
tific standards before concluding that a treat-
ment or vaccine works and to make decisions 
very quickly to discard ineffective interven-
tions and implement effective ones. Decisions 
can be very difficult. Statistical tools like mon-
itoring boundaries and conditional power can 
help guide decisions, but ultimately the most 
important tools are experience, good judg-
ment, and the combined wisdom of DSMB 
members with diverse expertise. Each member 
may be an expert in one area: statistics, infec-
tious disease, or ethics. One member can offer 
a perspective that may never have occurred to 
a member with a different background. That 
is why good communication skills and 
patience are essential.

? Discussion Questions
 1. What is the role of  a DSMB for a 

 clinical trial?
 2. Why is it important that the DSMB 

review the protocol and monitoring 
plans before any participants are 
enrolled?

 3. How do DSMB responsibilities differ 
for trials conducted in a public health 
emergency compared to other times? 

How would this influence the composi-
tion of  the DSMB?

 4. What are monitoring boundaries for 
interim reviews?

 5. Why is it important to specify monitor-
ing boundaries for efficacy and safety 
prior to the first interim review? Who is 
responsible for specifying such bound-
aries?

 6. Usually, DSMBs will stop clinical trials 
for efficacy at an interim review only 
when there is clear and convincing evi-
dence that the experimental treatment 
is superior to the control. Should this 
guideline be relaxed when there is a 
public health emergency?

 7. Usually, DSMBs will stop clinical trials 
for futility at an interim review only 
when conditional power is very low, i.e., 
when there is no evidence for a benefi-
cial effect of  the experimental treat-
ment and there remains little chance 
that the trial will show superiority of 
the experimental treatment even when 
the trial is fully enrolled and completed. 
Should experimental treatments be 
abandoned earlier when there is a pub-
lic health emergency? What are argu-
ments for and against?

 8. In the ACTT-1 trial comparing remde-
sivir to placebo for the treatment of 
COVID-19  in hospitalized patients, 59 
(11%) of  521 participants in the remde-
sivir group died by day 29, compared 
with 77 (15%) of  352  in the placebo 
group. The difference was not statisti-
cally significant. However, the observed 
difference in the subgroup of  partici-
pants who needed low-flow supplemen-
tal oxygen was 9 (4%) of  232 versus 25 
(13%) of  203, and the p-value was 
<0.05. Is this convincing evidence that 
remdesivir decreases mortality among 
hospitalized patients who need low-
flow supplemental oxygen?

 9. Did the PREVAIL I trial succeed in 
establishing safety and efficacy of  vac-
cines against Ebola virus disease?

 10. The PREVAIL I trial was developed 
during the 2014–2016 Ebola virus dis-
ease outbreak in West Africa to test the 
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clinical efficacy of  vaccines, and the 
outbreak waned before the Phase III 
trial was fully enrolled. How did the 
role of  the DSMB differ from monitor-
ing a vaccine trial for an endemic dis-
ease that was not a current public 
health emergency?

 11. How could the integrity of  the final 
trial results be damaged by unblinding 
interim data while the trial is still ongo-
ing?

 12. Is unblinding data from an ongoing 
clinical trial ever acceptable? Why did 
the PREVAIL I investigators ask their 
DSMB for advice concerning unblind-
ing requests?
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 How to overcome some of the challenges of 
monitoring clinical trials in difficult cir-
cumstances

 5 Overview of the PALM trial
 5 Mitigation strategies for a DSMB to cope 

with delayed information
 5 The downsides of unblinded trials
 5 How the DSMB responded to the increase 

in the PALM sample size due to rapid 
recruitment

 5 The DSMB’s calculation of mortality rates

1  Monitoring a Clinical Trial 
in an Epidemic Setting

The urgency and often the remoteness of an 
outbreak or epidemic can make the complex 
endeavor of a clinical trial exceptionally 
demanding. That includes the integral task of 
monitoring the trials, as described by DeMets 
et al. (2021) and DeMets and Fleming (2020). 
Here we briefly summarize some of these 
challenges. Recruitment of trial participants 
and accumulation of events can occur rapidly, 
in sharp contrast with traditional trials, which 
often take longer than anticipated to complete 
enrollment. To keep up with the frantic pace, 
the data and safety monitoring board (DSMB) 

must meet frequently and virtually instead of 
in person. This requires reliable and secure 
communication using a format such as Zoom, 
Webex, or Microsoft Teams. The fact that 
many trials evaluating similar interventions 
may take place at nearly the same time makes 
attractive the idea of sharing a DSMB across 
separate trials or across multiple treatments in 
the same platform trial. This is especially 
important for detecting safety signals in new 
interventions or interventions used in a new 
disease. Another important issue is that an 
epidemic emergency setting where both 
resources and medical personnel are at their 
limits makes it more difficult than would be 
desirable to collect and verify all the data. 
Therefore, streamlining the collection of data 
and focusing on the most critical outcomes 
for safety and efficacy monitoring is para-
mount.

2  Monitoring the PALM Trial 
of Ebola Therapeutics in the DRC

2.1  Overview of PALM Trial

The Pamoja Tulinde Maishe (PALM, Swahili 
for “together save lives”) trial took place in the 
Democratic Republic of the Congo (DRC) in 
exceptionally difficult circumstances 

       . Fig. 1 Inside one of 
the improved Ebola 
treatment centers where 
the PALM trial was 
implemented. The 
facilities had to be set up 
rapidly in a resource-
poor environment, under 
threat from various 
armed groups operating 
in the area. (Credit: 
Richard Kojan, ALIMA)
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(. Fig. 1), which included minimal basic infra-
structure, widespread suspicion and hostility 
among the population, and armed groups in 
more or less open rebellion against the central 
government (Nguyen 2019) (7 In Practice 
17.1). The trial, which began enrolling patients 
on November 20, 2019, randomized partici-
pants with Ebola virus disease who had been 
admitted to Ebola treatment centers to one of 
four treatments: (1) ZMapp, a triple monoclo-
nal antibody product; (2) remdesivir, a direct- 
acting antiviral; (3) MAb114, a monoclonal 
antibody derived from an Ebola survivor; or 
(4) REGN-EB3, a mixture of three monoclo-
nal antibodies (Mulangu et al. 2019). Based on 
promising, but not statistically significant, 
results from the PREVAIL II trial in Western 
Africa, which compared ZMapp to the then 
current standard of care, ZMapp was chosen 
in PALM as the control arm to which the other 
three arms were compared (Mulangu et  al. 
2019; Prevail II Writing Group 2016). The pri-
mary outcome in PALM was mortality within 
28 days following randomization. REGN-EB3 
was added after the other three arms had 
begun. To protect against the possibility of 
temporal trends in outcomes affecting trial 
findings, patients receiving REGN-EB3 were 
compared only to control arm participants 
randomized after REGN- EB3 was added. The 
planned sample size was 140 in each of the first 
three arms and 125 participants in the 
REGN-EB3 arm (545 total), which would 
ensure more than 85% power to detect a 50% 
relative reduction in mortality of an investiga-
tional arm compared to the ZMapp control.

Efficacy monitoring in the PALM trial 
used the Lan-DeMets spending function 
approach (Lan and DeMets 1983). The spend-
ing function is a method for adjusting the lev-
els of evidence to control the error rate from 
multiple tests of statistical significance. Briefly, 
spending functions allow flexible monitoring 
concerning the number and timing of interim 
analyses by specifying the rate at which we 
“spend” the error probability rather than a 
specific boundary (7 Chap. 23). The spend-
ing function selected mimics the O’Brien and 
Fleming (1979) boundary but truncated at a 
one-tailed p-value of 0.001. The reason for 
truncating the boundary is that, as pointed 

out in 7 Sect. 2 of 7 Chap. 23, the O’Brien- 
Fleming boundary is extremely conservative 
early. For example, even if  the first 15 people 
in one arm survived and the first 15  in the 
comparator arm died, the O’Brien-Fleming 
boundary would not be crossed. Given the 
high mortality rate of Ebola virus disease and 
the need to identify effective treatments 
quickly, we decided to diminish the level of 
conservatism by truncating early boundaries.

Some people argued that ZMapp had not 
met the usual level of evidence in the 
PREVAIL II trial to be used as a control arm 
in PALM. They believed that it was preferable 
to simultaneously compare all arms rather 
than compare each to ZMAPP as the control 
arm. The downside of that proposal is that a 
simultaneous comparison of all arms would 
only indicate whether the hypothesis that all 
arms are equally effective should be rejected. 
Additional pairwise comparisons would be 
needed to decide which treatments differed. It 
is possible for the simultaneous comparison 
of more than two arms to be statistically sig-
nificant while no pair on its own is statistically 
significantly different. There is another prob-
lem with the simultaneous comparison pro-
posal. With four treatments, there are six 
pairwise comparisons. The prevailing opinion 
is that when many comparisons are made in a 
clinical trial, a multiple comparison adjust-
ment must be made that requires stronger evi-
dence for each one. Comparing each arm to 
the ZMapp control results in half  the number 
of comparisons. We argued that because there 
were three comparisons rather than six, it was 
reasonable not to use a multiple comparison 
adjustment.

2.2  Monitoring Comparisons 
with Control

The decision to use ZMapp as a control raises 
an interesting possibility: what if  no arm is 
shown different from ZMapp, but other dif-
ferences in arms become apparent? One arm 
might appear clearly inferior to at least one 
other arm, but not to ZMapp. If  a clear sepa-
ration existed, it would be very difficult to 
continue randomizing participants to the infe-
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rior arm. In PALM, although the primary 
comparisons were of each arm to the ZMapp 
control, a chi-squared test comparing all arms 
was also conducted to check consistency of 
results. DSMBs are reluctant to make impor-
tant decisions based on just a single way of 
analyzing data.

2.3  Lag Problem

One important issue for monitoring clinical 
trials of infectious diseases is that the epi-
demic can wax and wane. Periods of frantic 
enrollment can lead to a lag in information 
presented to the DSMB, as we explain next. 
To plan for the PALM DSMB meeting, 
unblinded statisticians specified an enrollment 
cutoff  date such that all patients randomized 
by that date would have had 28 days of follow-
 up. This required the allowance of additional 
time to capture all deaths, write the DSMB 
report, and give the DSMB time to review it. 
The resulting enrollment cutoff  date for the 
August 9, 2019, DSMB meeting of the PALM 
trial was June 26. A drawback to this approach 
is that by the time of the DSMB meeting, 
many more patients had been randomized but 
not included. Indeed, 369 patients were 
included in the primary analysis, but 671 
patients had been enrolled as of August 6! 
Deaths other than those in the 369 patients 
were not included in the primary analysis. 
There was a serious potential risk that results 
of the primary analysis might be obsolete by 
the time of the meeting.

One idea to combat the data lag problem 
was to include all deaths in the DSMB report, 
regardless of whether patients had 28 days of 
follow-up. After all, patients who die by day 6, 
for example, will remain dead by the time they 
have had 28 days of follow-up. The problem 
with this method is that a patient with less 
than 28  days of follow-up is included in the 
analysis only if  she/he dies. This leads to an 
overestimate of the probability of death. There 
is no problem from a testing perspective 
because, under the null hypothesis, the degree 
of overestimation should be the same in differ-
ent arms. Still, we felt that the option described 
in the next paragraph was preferable.

In Ebola virus disease, the overwhelming 
majority of patients who die do so early after 
being randomized. Consequently, early mor-
tality is an excellent surrogate for later mortal-
ity. For example, approximately 97% of the 
patients who died in PALM did so by 10 days 
after randomization. An updated analysis was 
presented to the DSMB that included deaths 
at any time up to 28 days in all patients with at 
least 10 days of follow-up. The updated analy-
sis included all 499 participants with at least 
10 days of follow-up, as opposed to the 369 
patients in the primary analysis.

2.4  External Influences

PALM was not a blinded trial. The treatments 
under study required different numbers of 
infusions, so blinding would have required 
sham infusions that might endanger the health 
of very sick participants and expose staff  to 
additional transmission risk. One problem 
with unblinded trials is that staff  form opin-
ions about which treatments work better than 
others, and that is exactly what happened in 
PALM. The prevailing opinion was that rem-
desivir was inferior to the other therapeutics 
in the trial. A nonrandomized, unblinded 
study in the DRC at the same time and using 
the same interventions as PALM, a World 
Health Organization (WHO) Monitored 
Emergency Use of Unregistered and 
Investigational Interventions (MEURI), rein-
forced that opinion by issuing a statement 
calling for deprioritizing the use of remdesivir 
in MEURI. The chosen wording was intended 
to have minimal effect on the successful com-
pletion of PALM, which was recognized as a 
more rigorous comparison by virtue of being 
a randomized trial. Unfortunately, there was 
already some concern in the community about 
outsiders conducting medical research in the 
DRC. If  people came to believe that an infe-
rior arm was continuing too long, the entire 
trial could be in jeopardy.

However, there was no statistically signifi-
cant difference between remdesivir and 
ZMapp in PALM. An unblinded statistician 
attempted to reassure principal investigators 
that PALM had an extraordinary DSMB who 
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were carefully monitoring safety and efficacy; 
if  they believed that one treatment was infe-
rior to another, they would not let that treat-
ment continue. But this could only be 
expressed in vague terms. No specific informa-
tion could be communicated to the study team 
about preliminary results. The question was 
whether the DSMB should be made aware of 
the mounting external pressure against rem-
desivir. On the one hand, the DSMB should 
not feel pressured. On the other hand, they 
needed to be aware of any serious threats to 
the successful completion of the trial. What if  
staff  became so convinced that remdesivir was 
harmful that they refused to continue admin-
istering it? Alternatively, what if  they spent 
more time caring for those on remdesivir in 
the belief  that they were at greater risk of 
death? Either way, the integrity of PALM 
would be compromised. In the end, the DSMB 
was notified about the negative impression 
medical caregivers had about remdesivir.

2.5  Sample Size Increase

PALM was designed to detect a large treat-
ment effect to keep the sample size  manageable. 
It was believed that recruiting a much larger 
number of participants would take many years 
to complete, and results might be obsolete by 
the time the trial ended. However, recruitment 
was progressing much faster than anticipated. 
This prompted the study team to submit a pro-
tocol amendment to increase the sample size 
to enable detection of a mortality reduction of 
less than 50%. It would be very tempting for 
unblinded statisticians to opine about whether 
such an increase was necessary, but that would 
convey information to the study team about 
treatment effects. A crucial tenet of clinical tri-
als is that the study team should not have 
knowledge of comparative efficacy data dur-
ing the trial; that is restricted to the DSMB 
only. The amendment was implemented, 
increasing the sample size to 185/arm in the 
ZMapp, remdesivir, and MAb114 arms and 
170 in the REGN-EB3 arm (725 total).

3  August 9, 2019: The DSMB 
Decision

Mortality rates in the MAb114 and 
REGN- EB3 arms had been lower than those 
of  ZMapp and REGN-EB3 throughout the 
trial, although the boundary for the primary 
analysis of  28-day mortality had not been 
crossed. As mentioned in 7 Sect. 2.3, only 
369 of  671 patients randomized were 
included in the primary analysis at the 
August 9 meeting. The DSMB had requested 
updated data, so mortality in all partici-
pants with at least 10 days of  follow-up was 
presented and treated as another official 
interim analysis. Based on that analysis, the 
DSMB recommended discontinuation of 
randomization to ZMapp and remdesivir. 
They further recommended that the final 
analysis of  PALM data should be performed 
when all patients randomized by August 9, 
2019, reached 28  days of  follow- up. These 
recommendations were accepted by trial 
sponsors. Randomization to MAb114 and 
REGN-EB3 continued in an extension 
phase of  PALM.

Whenever there are pending data at the 
time of a DSMB decision, there is always 
concern that once those pending data are 
resolved, the evidence will reverse itself. That 
is, a boundary that was crossed might not be 
crossed when data are updated. One very use-
ful tool in such a circumstance is conditional 
power (Lan et al. 1982), the calculated prob-
ability that the full data result, namely, that 
produced by the interim data plus the pend-
ing cases, will remain over the boundary, 
given the interim data observed so far. Under 
reasonable assumptions about the pending 
cases, that conditional power was very high. 
Thus, even though there was a theoretical 
possibility that the final data could be below a 
boundary, we were very confident that would 
not happen. That confidence turned out to be 
well justified; the final results (. Fig.  2) 
showed that both MAb114 and REGN-EB3 
were superior to ZMapp (Mulangu et  al. 
2019).
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       . Fig. 2 Cumulative 
incidence of  death in the 
overall population in the 
PALM trial. (Kaplan-Meier 
estimates) (Mulangu et al. 
2019)

? Discussion Questions
 1. Review some challenges of  monitoring 

clinical trials in demanding epidemic 
settings.

 2. What measures are available to redress 
the data lag in information presented to 
the DSMB that can result from uneven 
enrollment?

 3. PALM was not blinded since that would 
have required sham infusions that posed 
health risks to trial participants and 
additional transmission risk to staff. 
What are the downsides of  an unblinded 
trial?

 4. To keep the sample size manageable, 
PALM was designed to detect a large 
treatment effect, but recruitment pro-
gressed faster than anticipated and 
increased the sample size. How did the 
study team respond?

 5. How did the DSMB accommodate the 
evidence that that mortality rates in 
the MAb114 and REGN-EB3 arms 
were lower than those of  ZMapp and 
REGN-EB3, even though the bound-
ary for primary analysis of  28-day 
mortality had not been crossed?
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 Four key questions that decision-makers 
should ask about an outbreak

 5 The salient information decision-makers 
need early in a response to gauge the 
resources required and to explain the 
unfolding situation to the public

 5 The differences between statistical and 
mathematical modelling, and their useful-
ness and limitations in a real-world setting 
for emergency response decision-making

 5 The features of compartmental, decision-
tree, patient flow and throughput, and indi-
vidual or agent-based models

 5 Why methods of sensitivity analysis are 
important in dealing with uncertainty

 5 Five common types of sensitivity analyses
 5 Examples of how response leadership can 

use modeling results and communicate 
them effectively

1  Introduction: Decision-Making 
in an Emergency Response

Mathematical modeling has become an essen-
tial component of planning for and respond-
ing to dangers like infectious disease outbreaks 
and bioterrorism. The reason such modeling 
is now so widely used is that it can provide 
insights into possible scenarios when there are 
insufficient data for statistical analysis to pro-
duce a more definitive basis for decision- 
making. Even when historical data are 
available on outbreaks involving a specific 
pathogen, they must be used with caution, 
since context can change dramatically over 
time, rendering historical data less useful for 
predicting current risks. In a little over a cen-
tury, for example, there have been four recog-
nized influenza pandemics (1918, 1957, 1968, 
and 2009). These differed widely in the num-
bers infected and the severity of symptoms, 
with the greatest differences in impact being 
between 1918 and 2009 (Crosby 2003; 
Shrestha et al. 2010).

Given the obvious uncertainty about 
future infectious disease events, response 

planning can benefit from a set of scenarios 
generated by mathematical modeling. While 
there has never been a large-scale bioterrorist 
attack using anthrax, for example, providing 
planners with numbers illustrating both the 
unmitigated burden and the potential impact 
of various interventions can be done through 
modeling, e.g., CDC’s Anthrax Assist model 
(Rainisch et al. 2017).

Mathematical modeling can encompass a 
wide array of  techniques, varying in com-
plexity and the type of  mathematics used, 
which can be confusing to a non-modeling 
audience of  planners and decision-makers. 
How are they to select the best model to use 
for planning and response? We present in this 
chapter some guidelines and recommenda-
tions for both modelers and public health 
emergency response managers about how to 
design and use mathematical models for 
planning and decision-making during emer-
gency responses.

2  Common Modeling Questions 
in an Emergency Response

Despite the lack of reliable data from the field 
in the early stages of many outbreak responses, 
leadership needs data to inform response 
actions, especially during the initial stages of 
the response, when there is often pressure to 
take immediate action. In such scenarios, 
there are four categories of questions that 
emergency response leaders generally ask 
modelers (7 Chap. 25). These categories, 
described in more detail below, can elicit fun-
damental information for informing the 
response. When answering such questions, it is 
important to clearly convey when fluctuations 
in input values may cause these predictions to 
change dramatically over time—e.g., due to 
rapidly changing circumstances early in an 
outbreak (see 7 Sects. 6 and 7.4).

2.1  How Bad Could It Get?

One of the most salient pieces of information 
that decision-makers need early in a response 
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is an estimate of how bad things could get 
(how many cases, hospitalizations, and deaths) 
in the absence of any effective interventions. 
Such estimates help leaders gauge the resources 
needed to mount a suitable response. They 
also help political, scientific, and community 
leaders to explain the unfolding situation to 
the public. Regular reassessment and updates 
are essential to keep both response manage-
ment and public messaging on track. In addi-
tion to case numbers, hospitalizations, and 
deaths, managers will often request estimates 
of peak severity and impact on vulnerable 
populations, like the elderly, healthcare work-
ers, children, and pregnant women. Planning 
for the maximum expected stress on health-
care systems and focusing response on those 
who need it most depends on such estimates.

2.2  When Will It End?

Leaders will also ask when the outbreak will 
end with an effective response. This estimate 
helps determine initial allocation of resources, 
such as personnel needs for staffing the myriad 
response activities. Further, letting decision- 
makers know when they can realistically 
expect the outbreak to end helps them better 
advise lower-level managers and the public.

2.3  How Much Stuff Will We Need?

Decision-makers also need sound information 
to request appropriate levels of medical coun-
termeasures like therapeutic drugs and vac-
cines, trained staff, and facilities (e.g., places 
to screen patients, specialized hospital wards, 
or high-containment care facilities), along 
with the needed funding. Too little and the 
response could be inadequate, or leaders will 
have to go back to funders hat in hand; too 
much and accusations of waste and even mal-
feasance are likely to follow.

2.4  What Is the Impact 
of a Particular Decision or 
Intervention?

Response leaders, funders, and politicians 
need realistic estimates of the potential impact 
of interventions intended to slow and ulti-
mately stop disease transmission. Potential 
interventions may include encouraging or 
mandating social distancing, physical isola-
tion of suspected and fulminant cases, vacci-
nation of those at risk of exposure, or 
post-exposure prophylaxis for those who may 
have been exposed but are not symptomatic. 
Impact estimates may also illuminate inter-
ventions underway, gauging the success of 
ongoing response efforts and guiding decision- 
making about new strategies.

3  Models

3.1  What Is a Model?

A common misperception is that a mathemat-
ical model is a crystal ball which modeling 
wizards use to predict the future with uncanny 
accuracy. The reality is not so mysterious. A 
mathematical model can be described as noth-
ing more than a simplified, imperfect repre-
sentation of a real-world entity, system, or 
phenomenon. The best mathematical models 
approximate the essential aspects of a system 
(e.g., how a disease spreads during an out-
break), allowing the modelers to rapidly 
answer questions that data currently available 
from the field cannot resolve. For example, 
models can be used to answer questions such 
as “What might happen if  we vaccinate X% of 
Y population?” It is the ability to answer these 
what-if  questions that make mathematical 
models such powerful tools to inform 
decision- making.
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       . Fig. 1 A simple relationship between statistical 
models and mathematical models. (Authors)

3.2  Statistical Models Versus 
Mathematical Models

Most models used in public health can be 
broadly categorized as either statistical  models 
or mathematical models (7 Chap. 25). 
Generally, we can distinguish them by under-
standing how data are being used in each type 
of model (see . Fig. 1). In terms of building 
either a statistical or mathematical model, we 
can think of the system being modeled as 
being split into two key parts:
 1. A set of rules by which the system operates
 2. A set of observable outcomes (i.e., data) 

produced by the system

3.2.1  Statistical Models
When creating statistical models, we use data 
gathered from studies of a system to generate 
a set of rules or equations that describe that 
system. For example, a statistical model could 
provide an equation describing how the risk 
of salmonella infection changes based on the 
consumption of a specified group of food 
products.

3.2.2  Mathematical Models
When creating a mathematical model, we start 
by creating a set of rules capturing the rele-
vant features of how the system works to the 
best of our current knowledge. These rules are 
typically a set of mathematical equations that 
describes how interactions between inputs 
produce particular outputs (data). For exam-
ple, a modeler may estimate how many new 
clinical cases of a disease might be generated 
per week during an outbreak by using the fol-
lowing inputs:

 5 Number of infectious persons at the start 
of the week

 5 Duration of infectivity
 5 Average number of cases infected per 

infectious person per day
 5 Average length of incubation
 5 Effectiveness of any interventions cur-

rently deployed (cf. 7 Sect. 2.4).

For practical purposes, response leadership 
can view a mathematical model as a dash-
board containing a set of dials, one dial for 
each input. These inputs are connected by a 
set of rules (equations). The modeler, in 
response to questions from the leadership (cf. 
7 Sect. 2), can “turn the dials” (change the 
input values) to see the impact of input 
changes on the output values. For example, a 
modeler can readily alter the presumed per-
centage of persons vaccinated in the next 
four  weeks of an outbreak to estimate the 
resulting reduction in future cases. Similar 
approaches are familiar in mortgage payment 
or credit score calculators, where users can 
modify various inputs to see how they affect 
the output.

Manipulating input values allows us to 
understand better which inputs are primarily 
driving the results. For example, a modeler 
may estimate the number of future cases in an 
outbreak using a set of input values that a 
group of experts finds reasonable. Another 
plausible set of input values may produce a 
very different result. Such a difference would 
indicate that either (1) we lack a good under-
standing of what constitutes a reasonable esti-
mate, relative to what is actually happening, 
of one or more of the inputs in the model or 
(2) the set of rules (equations) that we are 
using fails to capture some fundamental 
aspect of the system.

3.2.3  Critical Differences Between 
Statistical and Mathematical 
Models

The capability that mathematical models give 
the modeler to change the input values and re- 
write the rules/equations accordingly is the 
critical difference between statistical and 
mathematical models. The mathematical 
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model allows the modeler to answer almost 
innumerable what-if  questions that arise as 
leaders seek the optimal set of responses to 
the outbreak. The remainder of this chapter 
will use the terms “models” and “modeling” 
to refer only to mathematical models.

4  Why Use Modeling? 
Contributions to Emergency 
Response

To better understand why modeling is useful 
for emergency response decision-making, let 
us examine more closely what modeling can 
and cannot do. Models cannot reliably predict 
the future. The most common misconception, 
as mentioned above, is that mathematical 
models can predict exactly what will occur. 
This is unrealistic, of course, but often the 
presence of uncertainty in model outputs 
makes response managers uneasy. To reiterate, 
models are simplified, imperfect representa-
tions of real-world systems. To maximize the 
operational value of estimates produced by 
models, the modeler must ensure that response 
leadership clearly understands the potential 
sources and implications of imperfections 
(e.g., flawed input data, faulty model assump-
tions, randomness, uncaptured processes).

If  models cannot accurately predict the 
future, then why use them? The following set 
of short hypothetical examples illustrates 
ways in which response leadership can use 
modeling results and why they are useful. In 
addition, 7 Sect. 7 contains a more detailed 
Worked Example.

You are the incident manager: To illustrate 
how models can help during an emergency 
response, assume for the remainder of 
7 Sect. 4 that you are the incident manager in 
charge of organizing the response to an infec-
tious disease outbreak.

4.1  Provide Insights into Decision 
Thresholds

In an emergency response to almost any infec-
tious disease, you, as the incident manager, 

might ask, “How many cases will there be by 
the time this is over?” We know we cannot give 
a precise number. However, estimating a plau-
sible range for the likely number of cases helps 
you choose the type of response activities to 
set in motion. For example, if  there is an effi-
cacious vaccine against the agent, understand-
ing the potential size of the outbreak, both at 
its peak(s) and in total, could help you decide 
between deploying a targeted vaccination 
strategy (such as ring vaccination) or under-
taking a mass vaccination campaign in spe-
cific geographic areas. Some proposed 
activities have the potential to go beyond your 
vaccination capacity by exceeding either vac-
cine supply or availability of personnel to 
administer vaccines.

To help you decide among options, a 
mathematical model can help decision- makers 
determine thresholds at which one option 
becomes preferable to another. For example, a 
model could assess how varying levels of inac-
curacy in daily case reports might affect esti-
mates of future case counts, and the 
consequent effect on the estimated impact of 
different vaccination strategies (e.g., ring vac-
cination vs. targeted mass vaccination). The 
results would inform a conversation about 
which option to choose, given the probable 
inaccuracies. Note that approaching the prob-
lem in this way may also help you better 
understand what is known about the accuracy 
of case reporting.

4.2  Identify Key Mechanisms, 
Metrics, and Policy Levers

One of the most useful features of models 
during a response is that they can provide a 
sense of the critical resources needed as the 
outbreak progresses. These resources and how 
best to deploy them are the policy levers with 
which you, the incident manager, can poten-
tially alter the trajectory of the outbreak 
(7 Chap. 26) (i.e., shorten outbreak duration, 
reduce the number of cases, mitigate morbid-
ity and mortality).

For example, laboratory testing of samples 
from suspected patients provides critical 
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information on the size of the outbreak, as 
well as confirmation of whether particular 
patients are infected, to guide their treatment 
and infection control. As case counts grow, 
demand for laboratory tests can increase dras-
tically. Mathematical models can help you 
estimate the potential number of samples that 
will need testing. A separate model may help 
you gauge whether laboratory capacity is suf-
ficient to process projected samples expedi-
tiously, or if  additional laboratory capacity 
will be needed. Models assessing laboratory 
capacity can also highlight other possible bot-
tlenecks in sample processing.

4.3  Simplify Complex Systems

As the number of factors that affect a system 
increases, it becomes intuitively less clear how 
changes in inputs affect outcomes. Models 
can help responders navigate the complexity 
and resultant uncertainty. For example, 
assume that you, as incident manager, need to 
know whether deploying a new point-of-care 
test will affect the time required, from initial 
presentation to test result, to screen patients 
for exposure to nuclear radiation. The new 
device will purportedly tell you more rapidly 
than previous methods whether a patient 
received more than a specified dose of radia-
tion. You would like to know whether this 
improvement in the delivery of critical infor-
mation will help route patients to proper care 
more rapidly and utilize limited human 
resources and medical countermeasures 
(MCMs) more efficiently.

The construction of a simple model (the 
queueing model, 7 Sect. 5.3, that combines 
available data on the accuracy of the testing 
device, the time and number of trained staff  
needed for each step, and information on how 
patients will move through the system, may 
illustrate that deploying the new test will 
require a large increase in staffing needs. Such 
an increase in staff  requirements could com-
bine with an increased probability of false 
negatives or positives to tilt the balance 
against the new test. Increased patient 
throughput and better targeting of MCMs 
may not outweigh the downsides. In other 

words, the model can help you identify sce-
narios in which the new test could be useful 
and provide information to help improve the 
existing testing system.

4.4  Clarify the Question

During an influenza pandemic, an incident 
manager will need to know if there will be 
enough mechanical ventilators available for 
patients likely to experience acute respiratory 
failure. The modeler can illustrate that the sup-
ply of mechanical ventilators is not a stand-
alone question, but that adequate hospital 
space and trained staff to use those ventilators 
are also essential components of mitigating 
serious outcomes (Ajao et  al. 2015; Meltzer 
and Patel 2017). Mathematical models, such as 
CDC’s FluSurge (Zhang et  al. 2006) and 
COVID-19 Surge models (CDC 2016), can 
assist with predicting increases in demand for 
hospital services and associated staffing needs. 
Such models can help you re-assess your origi-
nal question by focusing on the impact of 
actions and including other appropriate fac-
tors that may be critical to ensuring the success 
of a proposed intervention.

5  A Brief Technical Introduction 
to Mathematical Models

Models are simplifications of real-world sys-
tems that may, for example, be used to predict 
the spread of an infectious disease. Creating 
simplified (modeled) versions of the real 
world can help us test, explore, and under-
stand how systems function and how changes 
to key inputs can affect them, helping us 
answer questions like, “What should we do to 
end an infectious disease outbreak?” Models 
can provide information when it is impracti-
cal, infeasible, or in some cases unethical to 
take measurements and perform tests. For 
example, amid an outbreak, we may not be 
able to conduct a carefully controlled trial to 
measure the impact of vaccination in a previ-
ously unvaccinated population or to wait for 
the results of an ongoing trial. In this section, 
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we will discuss some standard types of math-
ematical models and provide some insights 
into how they can inform decision-making 
during public health emergency responses. 
For each type of model discussed below, a 
specific structure (set of equations) is built to 
track individuals or sections of a community. 
In practice, model design may blur the lines by 
incorporating or blending features from more 
than one category. A brief  overview of some 
more complex model structures is given in 
7 Box 1.

5.1  Compartmental Models

Compartmental models are constructed using 
two major components—states and flows.
 1. States, aka compartments: a set of charac-

teristics used to group individuals within a 
population (e.g., susceptible-to- disease, 
infectious, or recovered with immunity). In 
compartmental models we must define 
these states so that all individuals will be in 
exactly one state at any point in time. Note 
that since these states are typically defined 
with respect to differences in disease trans-
mission (such as differences in probability 
of transmission, for example), the states in 
our model may not directly align with tra-
ditional clinical or epidemiological disease 
states. To illustrate, for some pathogens, an 
infected individual may be both incubat-
ing (pre-symptomatic) and infectious to 
others. In our model then, we would define 
a compartment (state) as “incubating and 
infectious,” since this differs in its risk of 
transmission relative to “incubating and 
not infectious” as well as “symptomatic 
and infectious.”

 2. Flows, aka transitions: process definitions 
(equations) that describe how individuals 
move between the compartments. First, 
for individuals in a given state, we describe 
which other states they could move into 
(e.g., an individual who is susceptible to 
disease cannot immediately move into the 
infectious state). Then, for each permitted 
transition, we describe the rate, or likeli-
hood, of an individual making that transi-
tion. Note that many compartmental 

models do not, in practice, track specific 
individuals but rather percentages of a 
community (e.g., X% of a community are 
susceptible to infection, and they move 
into the infected state at a rate of Y% per 
day).

The SI model in . Fig. 2 is a simple example 
of a compartmental model. The model is so 
named because of its states: individuals in the 
population can either be Susceptible to dis-
ease (S) or Infected/Infectious (I). In this very 
simple system, individuals can only flow from 
Susceptible to Infected/Infectious, where they 
will remain. There is no differentiation 
between becoming infected and becoming 
infectious. The rate of transition or movement 
between the two states is governed by the fac-
tor (an input) labeled β, which simultaneously 
accounts for the probability of individuals 
from I coming into contact with individuals 
from S and the probability of becoming 
infected during that contact. Note that this 
transition rate contains an implicit assump-
tion that individuals in S are all equally likely 
to come into contact with individuals in I (an 
assumption known as homogeneous mixing).

In practice, additional states will often be 
needed, along with knowledge, or our best 
estimates, about how individuals move 
between all of the states included. For exam-
ple, . Fig.  3 shows CDC’s simple model of 
the spread of Ebola Virus Disease through a 

       . Fig. 3 Sample model structure for Ebola virus dis-
ease. (Authors)

       . Fig. 2 S-I model of  infectious disease transmission. 
(Authors)
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population, an expanded SI model including 
the following states (Meltzer et al. 2014):

 5 E: individuals who have been exposed to 
(and infected with) the virus but who have 
not yet become infectious.

 5 I1: individuals who have become infectious 
but are properly isolated so that the risk 
they will infect others is drastically lower.

 5 I2: individuals who have become infec-
tious but are not properly isolated.

 5 R: individuals who have recovered and are 
no longer infectious. These individuals do 
not return to the Susceptible category due 
to naturally acquired immunity (thought 
to be lifelong).

 5 D: individuals who died as a result of their 
infection.

5.2  Decision Tree Models

Decision tree models examine the possible 
outcomes that could occur as a result of a 
particular decision (e. g., to vaccinate or not 
to vaccinate). We construct a set of pathways, 
or branches, that begin with the choice being 
examined. Individuals or segments of a com-
munity are then modeled as passing through a 
set of probable intermediate states, terminat-
ing in one of several possible final outcomes 
(e.g., death, survival with lifelong sequelae, 
not infected). For each intermediate and final 
state, we give a probability of arriving in that 
state, as well as detail any costs that may be 
incurred by existing in that state.

Decision tree models are useful for assess-
ing the potential costs and benefits of choos-
ing one option over another. In an emergency 
response, these are choices of interventions to 
be implemented by the response (7 Chap. 22). 
For example, during the 2014–2016 West 
Africa Ebola epidemic, Carias et  al. (2016) 
examined the cost-effectiveness of prophylac-
tically giving antimalarial drugs to people 
who had come into contact with suspected 
Ebola patients. The desired goal of this public 
health strategy was to reduce the number of 
persons arriving at Ebola treatment units 
(ETUs) who had early-stage malaria symp-
toms (e.g., sweating, fever) that are very simi-
lar to those of Ebola virus disease (EVD). The 

decision tree in . Fig. 4 provides a straight-
forward, visual representation of the response 
process for possible contacts of suspected 
Ebola patients, beginning with the decision on 
whether to administer antimalarials.

When constructing a decision tree model, 
it is important to remember that individuals 
can only move through the model left-to-right 
(i.e., cannot reverse course). Therefore, indi-
viduals at each state are a subset of the group 
of individuals in the immediately preceding 
state. At each state, there is a defined probabil-
ity that an individual will transition into a 
subsequent state. The sum of these probabili-
ties at each branching point must add up to 1 
(i.e., the options facing a patient are complete, 
and all patients at the branching point will 
move into exactly one of the subsequent 
states).

To illustrate these points, in . Fig.  4 we 
would read a possible path from the beginning 
of the decision tree, stepwise, as follows:
 1. Assume no malaria treatment is provided 

to contacts of suspect Ebola patients (the 
decision).

 2. Then, X% of all contacts of suspect Ebola 
patients will develop fever due to malaria, 
Y% will develop fever due to EVD, while 
the remaining Z% will not develop a fever 
at all (where X + Y + Z = 1).

 3. Then, of those who develop fever due to 
malaria, some portion will be mistakenly 
isolated in an ETU, while the rest will not.

5.3  Patient Flow/Throughput/
Queuing Models

Throughput models are useful when we want 
to understand more about the maximum 
capacity of a particular system (a COVID-19 
treatment ward, for example), or to determine 
bottlenecks that might be remedied to increase 
throughput. These models may also be 
referred to in the literature as patient flow 
models, queueing models, or capacity plan-
ning models. Their common thread is that 
they aim to answer the question, “How much 
can be accomplished with a given set of 
resources and constraints?”
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       . Fig. 4 Decision tree to assess cost-effectiveness of  providing antimalarial drugs to suspected Ebola patients. 
(Carias et al. 2016)

Throughput models are often best visual-
ized as a flow chart (. Fig. 5), where patients 
move from one station to the next (e.g., initial 
screening or triage, taking biological speci-
mens, placement in a treatment ward (7 Chap. 
40). Each station has specified resource and 
time requirements. Such models can also 

include patient waiting time as they move 
from station to station. The model is then pro-
grammed to add up all the resource and time 
requirements, providing estimates of total 
resources required and how fast patients may 
be processed.
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Box 1: More Complex Model Types
Many models contain more detailed rules 
than those described in the main text. The ex-
panded number of  rules increases complexity 
as well as the amount of  data or assumptions 
needed to define input values. The increased 
complexity (and resultant uncertainty) can 
cause these models to be used less frequently 
by emergency response leadership.

Network models: In public health, network 
models often represent individuals as points or 
“nodes,” with nodes being connected by 
“edges.” These edges are where interactions 
like disease transmission can occur. Defining 
rules for such interactions can provide insight 
into mechanisms of  disease transmission that 
are not possible with compartmental models 
(e.g., highlighting the role of  so-called super- 
spreaders). These models require data measur-
ing contact patterns between individuals that 
are almost universally unavailable during the 
timeframe of  an emergency response, making 
their application in real time difficult at best.

Individual or agent-based models: These 
models contain rules that govern the behavior 
of  specific individuals (agents). This class of 
models allows us to gain insights into how 
the behavior of  individuals, when combined, 
produces outcomes at the community level, 
for example how X% of  infectious individu-
als effectively self- isolating will affect the ex-
tent and duration of  an outbreak. The most 
data-intensive requirement for these models 
is the set of  probabilities describing who in-
fects whom, which also requires an under-
standing of  who contacts whom. Such con-
tact data are usually not available during out-
breaks, and modelers mostly have to use 
contact data collected from other communi-
ties, often measured during non-outbreak 
situations. CDC’s Community Flu 2.0 is an 
example. Even though it is limited to model-
ing a representative 1000-household commu-
nity, it requires approximately 300 data points 
(CDC 2016).

       . Fig. 5 Flowchart diagram 
from a published patient 
throughput model. (Hupert et al. 
2002)
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6  Dealing with Uncertainty: 
Methods of Sensitivity Analysis

Choosing the model structure is only the first 
step for providing useful modeling estimates 
in an emergency response. As noted, models 
are imperfect representations of  reality, both 
in their structure and in the data used to pop-
ulate them. When presenting modeling esti-
mates to response leadership, it is therefore 
critical to convey the uncertainty of  your esti-
mates by conducting sensitivity analyses. A 
useful, disciplined contextualization of 
uncertainty through sensitivity analysis 
should accomplish at least one of  the follow-
ing goals:
 1. Clearly illustrate the impact of uncertain 

input values upon the outputs.
 2. Identify potential policy levers—inputs 

that represent options available to response 
leadership (e.g., number of persons who 
can be vaccinated in x time with y 
resources), and the changes likely to occur 
based on the options chosen.

We provide below a brief  description of  five 
common types of  sensitivity analysis used to 
illustrate the consequences of  uncertainty.

6.1  Univariate Analysis

The simplest form of sensitivity analysis is 
called univariate sensitivity analysis, in which 
the modeler assesses the impact on final out-
puts by changing the value of one input at a 
time. This method is good for illustrating the 
magnitude of impact that each input has on 
model outputs individually. . Figure  6 illus-
trates the impact of changing model inputs 
(disease rates, intervention duration, vaccine 
efficacy, and vaccine uptake) within specified 
ranges on the number of estimated outpatient 
visits (one of the model outputs), relative to 
the baseline estimate. Of course, the fact that 
such sensitivity analyses do not address simul-
taneous changes in more than one input, or 
interconnections between inputs, places limits 
on their utility.

6.2  Multivariate Analysis

In a multivariate analysis, the modeler makes 
simultaneous changes to two or more input 
values, providing an illustration of the impact 
of  uncertainty due to connections (correla-
tions) between inputs. The greatest challenge 
in using this method, which can produce a 
large number of  estimates, is finding the best 
way to explain the results, since response 
leaders do not typically have much time to 
spend understanding a complex model or 
examining its results. . Figure  7 is a pub-
lished visual representation of a multivariable 
sensitivity analysis. It shows how the cost-
effectiveness of  a proposed intervention 
changes when some key input variables are 
modified (namely age of  contact, prevalence 
of  malaria, and seasonality). This graphic 
allows modelers to visually explain that the 
intervention becomes more cost-effective 
(and perhaps even cost- saving) among older 
contacts as parasite prevalence increases, but 
that similar effects may not occur in contacts 
under age 14, and that this effect holds regard-
less of  seasonality.

6.3  Scenario-Based Analysis

Another straightforward method to account 
for uncertainty is to construct several scenar-
ios, each containing a different set of values 

       . Fig. 6 A published example of  univariate sensitivity 
analysis visualized using a tornado graph. (Adapted 
from Rainisch et al. (2020))
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       . Fig. 7 Published example of 
multivariate sensitivity analysis 
(Carias et al. 2016). ACER is 
average cost- effectiveness ratio

and assumptions for the inputs—a what-if  
approach. The modeler and response leader-
ship can then choose input values and assump-
tions to assess based on what they believe to 
be reasonable. Moreover, conveying results 
from this method is often easier than with 
other methods. The downside is that there is 
no inherent indication of the real-life proba-
bility with which a chosen scenario could 
occur.

6.4  Using Probabilities (Monte 
Carlo Simulation)

One of the more sophisticated methods of 
accounting for uncertainty is for the modeler 
to assign a probability distribution for each 
value (e.g., a distribution of the probability of 
an infectious person infecting others), instead 

of a single value. A specific value from the 
probability distribution is then randomly cho-
sen and used to calculate an output (e.g., esti-
mated total cases). This process is repeated 
numerous—often thousands—of times (itera-
tions), producing a set of estimates illustrat-
ing the range, mean, median, and other 
measures of variability in the outcome. The 
biggest obstacle to using this method in emer-
gency response scenarios is selecting the right 
probability distribution for each input value. 
Lack of data from the field for probability dis-
tributions forces the modeler to either use 
data from another source like a previous out-
break, or more often to make assumptions 
about the shape and dimensions of the prob-
ability distribution. An incorrect probability 
distribution could have a drastic impact on 
the conclusions drawn from the analysis, since 
sampling input values from an incorrect dis-
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tribution over many iterations compounds the 
error(s). This method of accounting for uncer-
tainty can also be hard to explain to a non- 
technical audience.

6.5  Threshold Analysis

Response leaders typically understand that 
model estimates are uncertain due to inaccu-
racy or lack of data, especially in an outbreak. 
Leadership needs a clear illustration of what 
changes in estimated outputs (e.g., estimated 
rate of disease spread) would justify a change 
in response strategy. A modeler can generate 
information to guide decision-making by ana-
lyzing sets of input values to determine 
thresholds that warrant a change in policy or 
strategy. For example, response leaders would 
be well served by a model elucidating the set 
of conditions under which it would be pru-
dent to stop building new Ebola treatment 
units (ETUs) and adopt a community-based 
isolate-and-treat strategy, which is less effi-
cient at preventing disease transmission but 
quicker and cheaper to implement. Threshold 
analyses are often done in conjunction with 
other methods of sensitivity analysis, particu-
larly multivariate sensitivity analyses (cf. 
7 Sect. 6.2). The key to making such thresh-
old analyses useful is to avoid confining the 
 analytical exploration of when to change 
response strategies to an overly limited range 
of input values.

7  Successful Modeling Is Not Just 
About the Model

A technically sound model is only one piece 
of a successful, model-based process to inform 
decision-making during a response. Given the 
high stakes of an emergency response and 
intense pressure to make consequential deci-
sions quickly, effective communication 
between the response leadership and the mod-
elers is crucial. Here we outline some effective 
communication strategies we have found ben-
eficial for conveying modeling results that 

response leadership has used to make critical 
decisions (Meltzer et al. 2016).

7.1  Well-Defined Questions

Clearly defining the specific question that the 
modeler will seek to answer should be the very 
first step in any modeling project, regardless 
of setting. This becomes even more critical in 
an emergency because of the urgent need for 
results that can inform life-and-death deci-
sions. Understanding what response leader-
ship needs, and how the information will feed 
into decision-making, helps ensure that the 
analysis provides the most useful data possi-
ble. Keep in mind that there are many scenar-
ios in which the question first proposed may 
not be the one that will provide the most use-
ful information (see 7 Sect. 4.4).

While there is no formula for creating a 
well-defined question, there are several well- 
tested criteria. A well-formed question should:

 5 be specific and lead to an informative, 
quantitative answer

 5 contain brief  details of  the problem being 
investigated, the interventions or strate-
gies being assessed, and the outcome of 
interest

 5 contain some information about the 
intended audience, the analytic perspec-
tive, and the time horizon

Each analysis should focus on answering a 
single, well-formed question or a small, closely 
related set of questions. Attempting to answer 
multiple questions simultaneously invariably 
leads to an over-complicated, unfocused 
model and analysis. Large sets of questions 
should be broken down into several analyses, 
each focusing on a particular question. Defin-
ing specific, well-focused questions is fre-
quently an iterative process, involving several 
rounds of discussion between the modelers 
and the response team. 7 Box 2 contains an 
example of the iterative development of a 
focused question addressed by modeling dur-
ing the 2014–2016 West Africa Ebola epi-
demic (Carias et al. 2016).
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7.2  Simple Approaches and Tools

When designing mathematical modeling 
methods and tools for emergency response 
one should take care to keep things as simple 
as possible while still effectively answering the 
question at hand. While complex models (cf. 
7 Box 1) are often useful in non-emergency 
research, there are many reasons to keep 
methods and tools simple during an  emergency 
response.

7.2.1  Minimize the Likelihood 
of Error

The first reason to adopt simple models is that 
it reduces the errors and uncertainty associ-
ated with the larger numbers of inputs needed 
for more complex models. As noted, data 
from the field during an emergency response 
are usually limited and of uncertain reliability. 
Every existing input parameter based on 
uncertain data introduces more uncertainty 
into our results. Simplifying the model design 
where possible, without detracting from the 
model’s ability to answer the question, allows 
the modeler to more directly interpret the out-
puts and relationships between inputs.

7.2.2  Enhance Usability 
and Dissemination

A simple model increases the chances of 
response leadership rapidly understanding 
and accepting the model and its results. Public 
health emergency response leaders often have 
diverse backgrounds, education, and experi-

ence. Few have formal training in modeling. A 
simple model is easier to explain to a diverse 
audience.

Producing a model that is successfully dis-
seminated and used by response leaders 
depends upon the modeler keeping in mind 
the question (cf. 7 Sect. 4.4), the intended 
audience (the response leadership team may 
include politicians, military officers, police 
chiefs, budget and public affairs professionals, 
and health care administrators as well as med-
ical scientists), and their perspectives and 
needs. Emergency models should not be 
designed for research, nor should publication 
be the top concern.

7.3  Spreadsheet-Based Models

To enhance the likelihood that model results 
will aid decision-making, we have found it to 
be extraordinarily useful to provide copies of 
our models to the response leadership, typi-
cally in computer-based spreadsheet formats 
(Meltzer and Patel 2017). Disseminating 
spreadsheet-based models allows the leader-
ship to explore the ramifications of  changing 
particular inputs or assumptions at their own 
pace. This opportunity to “drive” the models 
themselves increases leaders’ understanding 
of  the results, the impact of  uncertainty, and 
where decision thresholds may occur. 
Furthermore, professionals in many fields are 
familiar with spreadsheet programs like 
Excel, which can provide a level of  accessibil-

Box 2: Examples of Poor, Better, and Best Questions to Pose to Modelers
Poor: What is the value of  providing antima-
larial treatment to all contacts of  suspected 
Ebola patients?

Better: How many cases of  Ebola Virus 
Disease might be averted by providing anti-
malarial treatment prophylactically to all con-
tacts of  suspected Ebola cases?
Best: Because of  the similarity of  symptoms 
for malaria and early-stage EVD, people with 

malaria may be referred to ETUs under the 
misimpression that they have EVD.  Aside 
from burdening the ETUs, malaria patients 
awaiting screening results in an ETU may con-
tract EVD. How many malaria patients could 
be prevented from presenting at an ETU if  all 
those exposed to known Ebola patients re-
ceived anti-malarial prophylaxis, and what 
would it cost the response per case averted?
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ity and comfort that enhances user trust and 
uptake. 7 Box 3 provides a few best practices, 
based on many years of  emergency response 

modeling experience, that we have found use-
ful in producing models suited for response 
leadership.

Box 3: Best Practices to Produce Simple Models for Emergency Response Decision- Making
Inputs and Input Values

 5 Use clear and direct names for each input, 
with additional notation as needed, so the 
user knows what each input represents, 
and the metric used to represent that unit.

 5 Divide long lists of  inputs and group them 
by topic (e.g., epidemiological, logistical, 
and demographic parameters).

 5 Program the model so that users can imme-
diately see the effect of changes in inputs.

Programming and Implementation
 5 Produce the model in a format that is 

widely used around the world and does 
not require a constant internet connec-
tion. Computer-based spreadsheet pro-
grams often meet this criterion.

 5 For greater transparency, break complex 
calculations down into intermediate steps.

 5 Produce a user-friendly interface that al-
lows a user without modeling experience 
to easily enter or alter input data and 
readily interpret results.

 5 Provide non-technical documentation and 
notations, in the form of  a manual if  time 
permits.

 5 Improve user navigation through the 
model with color-coding of  inputs and re-
sults.

 5 Minimize dependence on external com-
puter programming technical package add-
ins. For example, when using spreadsheet 
programs to produce a model, avoid pro-
gramming macros, Visual Basic code, and 
other technical linkages that may introduce 
problems for the non-technical user who is 
making critical decisions.

7.4  Clearly Conveying Model 
Limitations

Again, models are simplifications. The simplifi-
cations and assumptions contained in models 
naturally lead to limitations in interpreting 
their outputs. Modelers should carefully note 
such limitations in their reports to encourage 
response leadership to think less about the pre-
cision of the results and more about the inter-
action of inputs and outputs, and the 
implications for choosing response actions. For 
example, even if model estimates of actual 
cases over time have been within 15% of actual 
reported cases, that is less important for deci-
sion-making than model results suggesting 
that increasing rates of vaccination by 10% 
might end an outbreak within 3 months. As the 
prominent statistician George Box (1979) said, 
“All models are wrong but some are useful.”

7.5  Communicating with Response 
Leadership

Effective communication at all stages of the 
modeling process is vital to ensuring that 
modeling work will help response leadership 
make critical decisions. Clarifying the ques-
tion at the outset (7 Sect. 7.1) is essential to 
ensure all parties have common expectations 
for what the model will produce. 
Communication must continue during model 
development so that modelers and leaders 
agree on parameter choices and assumptions 
and on any changes to interventions and 
intermediate goals. Communication of results 
is pivotal, and modelers should ensure that 
the leadership fully understands how the 
results can be interpreted as well as the degree 
of uncertainty and limitations surrounding 
them (cf. 7 Sect. 6). It frequently happens 
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that providing a set of results raises a second-
ary set of questions that the response leader-
ship will find useful, illustrating the iterative 
nature of modeling support for decision- 
making.

Particular sets of results may warrant dis-
semination beyond the immediate requestor. 
In such cases, the modeler should report the 
results in a form that allows diverse readers to 
understand the question analyzed by the 
model, as well as the most essential results. 
The modeler should also provide details—a 
brief  description of methods, an explanation 

of limitations and caveats, some expanded 
results (including any sensitivity analyses), as 
well as a detailed technical appendix. This 
presentation style is quite different from writ-
ing for a peer-reviewed journal: the essential 
messages should be in the first paragraph 
(“bottom line up front”), with supporting 
details following, allowing a decision-maker 
with little time to get the gist quickly. 7 Box 4 
contains a guide to a memo format that has 
proven very successful at the CDC in effec-
tively communicating model results to a 
diverse array of decision makers.

Box 4: Example Format of a Memo to Effectively Communicate Model Results to Response 
Leadership
Length: The Background, Question, Bottom 
Line Results, and one Key Fig. or Table should 
be presented in the first 2–3 pages. Higher-
level authorities like cabinet ministers and 
heads of  government may ask for even shorter 
memos. Additional sections, such the Brief  
Methods, Expanded Results, and Technical 
Appendix, can take several pages. Note that 
such sections will not be read as carefully as 
the first 2–3 pages, if  at all.

Title: Should provide as much information as 
possible in non-technical language, so a reader 
will immediately have an idea of what they 
should expect to gain from reading the memo.

Date: When the memo was written and 
when the analysis was done; allows reader to 
assess whether the memo is the most recent 
and whether results may still apply.

Background: Brief  information as to why 
the question addressed in the memo is impor-
tant in the context of  the current response.

Question: Tells the reader what the analy-
sis was designed to answer. This should be 
written so the question and bottom- line re-
sults explain to the reader how the analysis 
informs the decision at hand.

Bottom-Line Results: Provides the reader 
with the most important set of  results appli-
cable to decision-making.

Key Fig. and/or Key Table illustrating bot-
tom-line results.

Brief Methods: A brief, non-technical de-
scription of how the analysis was performed. 
More complete descriptions of methodology 
can be provided in a Technical Appendix.

Expanded Results: Additional results that 
may be relevant, but are not of  immediate, 
critical importance to the decision at hand. 
This may include sensitivity analyses.

Limitations and Caveats: A clear statement 
of  model limitations that impact the interpre-
tation of  the results.

Technical Appendices: Detailed informa-
tion describing how the model was built, data 
sources, limitations, assessments of  accuracy, 
etc. Ideally, this material will enable those with 
suitable skills and interest to independently 
replicate the model and results.

Version Control: Indicates sequentially 
produced memos and reduces confusion as to 
which set of  results is being discussed. This 
may be up front or in a repeated heading but is 
mainly for the use of  those producing rather 
than those reading the memo.

Change Log: Records changes between the 
memo versions (may be highlighted in text 
portions or placed in the Appendix).
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8  Worked Example

8.1  Scenario

8.1.1  Situation
Assume an outbreak of hypothetical infec-
tious disease ABV19 occurring on a large 
island (meaning a fixed population size). To 
date, there have been 1025 confirmed cases of 
ABV19 and 75,000 persons vaccinated in a 
population of approximately three million.

8.1.2  Epidemiology
Human-to-human transmission of ABV19 
occurs with some probability through contact 
with the bodily fluids of an infected person. 
Risk of transmission is hypothesized to 
increase as an infected (and infectious) per-
son’s symptoms progress. The rate and degree 
of increased risk is unknown. Most cases 
(>95%) will begin to show recognizable symp-
toms within 15 days of contact with an infec-
tious person (i.e., incubation period of up to 
15 days). It is believed that a patient is infec-
tious for approximately 7 days. Once patients 
infected with ABV19 have recovered they have 
lifelong immunity.

8.1.3  Public Health Interventions
Several public health interventions are under-
way:
 1. Case finding and isolation: Reports of 

symptomatic persons are investigated, and 
the person is taken to a specialized treat-
ment center and isolated to prevent the 
further spread of infection while receiving 
medical care.

 2. Contact tracing: Persons who have been in 
contact with an infectious case are listed 
and then visited once a day for 30 days to 
check for the occurrence of any symptoms 
of the disease. If symptoms arise, they will 
be isolated temporarily and tested for infec-
tion. If the test returns positive, they are 
admitted to a specialized treatment center. 
If no symptoms have presented after 
30 days, they are considered disease-free.

 3. Vaccination: Persons listed as contacts are 
given the option of  vaccination against the 

disease, as are those determined to have 
been in contact with these contacts (con-
tacts-of-contacts). Previous studies have 
indicated that the vaccine requires 15 days 
to become fully protective. The ring vac-
cination strategy (7 In Focus 22.1) is 
designed to produce a ring of protection 
around known transmission chains so that 
disease transmission will be contained 
within the ring and not “leak” into the 
general population.

8.1.4  Supply and Logistics
Supplies of vaccine are limited 75,000 doses 
of an existing 500,000 have already been 
expended, and response leadership fears sup-
plies will run out. To conserve vaccine sup-
plies, they are considering a fractional-dose 
strategy using either twofold or fourfold 
reduction of the standard vaccine dose, that 
is, half  or one-quarter of the standard dose 
(7 Case Study 25.1).

8.2  Clarifying the Question

The incident manager asks you, as the 
response modeler, to estimate the potential 
impact of using fractional doses of the vac-
cine. You discover that although using the 
fractional doses would indeed extend vaccine 
supplies, it would also, according to several 
available studies, prolong the interval before a 
vaccinated person acquires immunity. You 
immediately realize that there are realistic sce-
narios in which this extended period of sus-
ceptibility could increase the number of 
people infected. This would in turn raise the 
number of people requiring vaccination (con-
tacts and contacts-of-contacts of these new 
cases) and potentially increase rather than 
reduce demand for vaccine and diminish out-
break control. (Case Study 25.1 discusses a 
use of mathematical modeling in which frac-
tional dosing was found to be effective.)

You reframe the analytic question (7 Sect. 
4.4) to emphasize that the goal of the vaccina-
tion program is to prevent future cases, not to 
vaccinate as many people as possible. The 
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question that you will now analyze is reformu-
lated as follows:

 5 Old question: How many more people 
could be vaccinated using each proposed 
fractional vaccine dose (twofold and four-
fold reduction)?

 5 New question: How will using the proposed 
fractional vaccine doses affect the number 
and timing of ABV19 cases averted and 
consequent vaccination requirements?

? Discussion Question 1
How did rephrasing the analytic question 
improve your ability to convey action-
able results to response leadership? (For 
example, it may have allowed you to iden-
tify thresholds or scenarios in which a 
fractional dosing strategy would be coun-
terproductive (7 Sects. 4.2 and 4.4).

8.3  Designing the Model

As you design the model, you realize that 
there are several inputs for which you do not 
have adequate data, including:

 5 The probability of acquiring the virus 
upon contact with an infectious case

 5 How transmission risk changes with pro-
gressing symptoms

 5 An understanding of the nature and fre-
quency of contacts between persons in the 
population

8.3.1  Model Structure
To simplify the model’s representation of the 
complex real-world system while accounting 
for missing data, you decide to produce a 
compartmental model (Sect. 5.1.1), which dis-
tributes and moves the population among the 
following compartments:
 1. Susceptible (S): individuals who have nei-

ther been vaccinated against nor infected 
with ABV19.

 2. Vaccinated within past 15  days (V<15): 
individuals vaccinated within the last 
15 days and not infected.

 3. Vaccinated more than 15 days ago (V15+): 
individuals vaccinated more than 15 days 
ago and not infected.

 4. Infected (I): individuals who have been 
infected with ABV19.

8.3.2  Model Dynamics
You decide that disease transmission and vac-
cination will be modeled as follows in each 
15-day timestep:

 5 We begin with a user-defined number of 
infectious cases.

 5 Each infectious case will be assigned a 
fixed number of contacts, and each contact 
will have a separate but also fixed number 
of contacts (i.e., contacts-of- contacts).

 5 Vaccination: eligible contacts and 
contacts- of-contacts (i.e., those not previ-
ously vaccinated or infected) will be 
offered vaccination. A percentage of them 
will accept the vaccine.

 5 Numbers vaccinated per day: Each day, 
eligible persons will be vaccinated as 
needed, up to a daily logistical limit defined 
by vaccination capacity.

 5 Order of vaccination: all contacts will be 
vaccinated before contacts-of-contacts.

 5 Disease transmission risks: You will com-
pute the number of cases that will occur in 
the next time step by calculating the per-
centage of contacts that fall into each of 
the model’s categories. Each category has 
a separate risk of infection:
 – Susceptible: not vaccinated, therefore 

no reduction in transmission risk.
 – Vaccinated within the last 15 days: vac-

cinated but do not have full immunity. 
Some proportion of these individuals 
may still become infected.

 – Vaccinated more than 15 days ago: vac-
cinated and have had time to build full 
immunity. A small risk of infection 
remains since the vaccine is not 100% 
effective.

 – Infected: these contacts have been 
infected and are either ill or have recov-
ered; therefore, no risk of re-infection 
exists.
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 5 Calculating the number of new cases: The 
number of new cases in the next time step 
is calculated by multiplying the number in 
each category by the category-specific risk 
of infection and then taking the sum 
across all four categories.

8.3.3  Data, Assumptions, 
and Simplifications

You will need to provide values or estimates 
for the following inputs for your model:

 5 Number of contacts per case/Number of 
contacts per contact

Use the average number of contacts 
and contacts-of-contacts listed on contact 
tracing records available through the 
response operations center.

 5 Vaccine acceptance rate
The number of persons offered vacci-

nation and vaccinated to date should be 
available from response records, or you 
will have to make an educated guess based 
on discussions with experts involved in the 
response field activities.

 5 Logistical limit on number of persons who 
can be vaccinated per day

You may be able to calculate the num-
ber of persons who can be vaccinated per 
day from reports available through the 
response operations center, which may 
also be able to help you calculate the extent 
to which they can increase the number 
with available resources.

 5 Transmission risk (number infected per 
infectious person absent intervention)

Precise data is often unavailable. You 
will need to use the average number of new 
infections per case during the current out-
break to date as a proxy.

 5 Vaccine effectiveness and days needed to 
build full vaccine-based immunity for full, 
half, and quarter doses

For this scenario, we will assume that 
the vaccine has undergone extensive clini-
cal trials and field testing, at least for the 
full- strength dose. As for fractional doses, 
the experts believe that the twofold and 
fourfold reductions of the full vaccine dose 
will provide protection, but it will take 

three and five days longer, respectively, for 
vaccine- induced immunity to develop.

8.3.4  Other Assumptions
In addition to assumptions about parameter 
values, you have made some implicit assump-
tions as a result of your model design. For 
example, you have assumed that all contacts 
will receive vaccination before any contacts- 
of- contacts, which is unlikely to be true in 
practice. You have also simplified disease pro-
gression; even though there is a latent period 
when an individual is infected but has not yet 
become infectious, you have chosen not to 
include an “infected but not yet infectious” 
category in the model. Ensure that both you 
and your intended audience are aware of sig-
nificant assumptions and simplifications 
(7 Sect. 7.4).

? Discussion Question 2
Identify some additional assumptions 
(either explicit or implicit) in the described 
ABV19 model and discuss how these 
assumptions may affect your presentation 
of model results to response leadership.

8.4  Presenting Useful Results

Once you have built your model and produced 
some estimates, you will need to present your 
results to response leadership as clearly and 
directly as possible. You decide to provide a 
written set of results in the memo format 
described in 7 Sect. 7.5. Using that memo, 
you will likely want to request time at the next 
Incident Management meeting for a brief  oral 
presentation of results. You should also plan 
to have an Excel version of your model avail-
able to help you answer leadership’s questions 
(often of the what-if  variety) through direct 
demonstration.

Your results indicate two main points that 
will inform a useful discussion about optimal 
vaccine dosing: first, because of the three and 
five extra days needed for full immunity for 
the half  and quarter vaccine doses, respec-
tively, the fractional dosing strategy will be 
unlikely to slow the rate of onward transmis-
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sion as rapidly as the full-dose ring strategy 
and may end up requiring more vaccine (see 
. Fig.  8). Second, your sensitivity analyses 
show how the uncertainty of the input values 
can affect the estimates. For example, in 
. Fig.  9, you illustrate to leadership that 
uncertainty about the average number of new 
infections associated with each case of ABV19 
could have a large impact on whether the out-
break can be successfully controlled and 
ended by public health interventions, or 
whether it could progress to an uncontrolled 
endpoint where the outbreak overwhelms the 
interventions and only ends for “natural” rea-
sons. Regardless of the actual number of new 
infections per case, the impact of the extended 
susceptibility to infection increases as the vac-
cine dose decreases.

Policy implications: Extending the supply 
of vaccine will not itself  help control and end 
the outbreak of ABV19. Further, there is a 
great deal of uncertainty regarding the poten-
tial impact of a fractional dosing strategy.

While you will touch on each of these con-
clusions and its policy implications, you 
intend to use the oral presentation to primar-
ily highlight the first point: switching to frac-
tional dosing may not be useful for maintaining 
vaccine supplies, since the additional doses 
gained from fractional dosing could be more 
than offset by the increase in persons requir-
ing vaccination. To end the outbreak sooner, 
concurrent improvements in other aspects of 
the response are essential, such as increasing 
the proportion of cases discovered and iso-
lated early on through improved surveillance 
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       . Fig. 8 Example of  policy-oriented visualization of  model results. (Authors)

       . Fig. 9 Example of  a univariate threshold/sensitivity analysis on a key input parameter of  your model. (Authors)
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or contact tracing. Focusing on these key 
implications provides response leadership 
with a more comprehensive understanding of 
how using fractional vaccine doses could 
affect the trajectory of the outbreak.

You will provide a fuller exploration of 
results and sensitivity analyses in the written 
memo (7 Sect. 7.5, 7 Box 4). The memo will 
allow response leadership to learn the details 
at their own pace. You can also further high-
light threshold input values at which policy 
decisions might change (7 Sect. 6.5).

8.5  Avoiding a Data-First 
Approach

Note the order in which you approached the 
problem. The first step was to define the 
 question so it would be most likely to yield an 
answer useful to the response leadership. Then 
you designed the model, concentrating on the 
structure needed to yield the answer to the 
question. Then, and only then, did you con-
centrate on the available data. It is a common 
mistake to look at the available data first and 
try to answer the question based on the data 
you have. If  data are lacking in an emergency, 
that is (a) to be expected, (b) something the 
model is designed to help you cope with, and 
(c) itself  something response leadership needs 
to know. Research efforts during an emer-
gency to produce such data are possible, and a 
judgment on whether they are likely to be 
cost- and resource-effective will be within the 
purview of the response leadership.

9  Summary and Conclusion

Mathematical models are increasingly used to 
inform public health emergency response, par-
ticularly infectious disease response, as seen in 
the plethora of mathematical models devised 
to elucidate the spread of COVID-19 (Becker 
et al. 2021; James et al. 2021). The ability to 
take even minimal knowledge about a patho-
gen causing an outbreak and use a mathemati-
cal model to combine it with data from the 
current outbreak often provides a level of 

insight that is not available by any other means. 
Because mathematical models provide esti-
mates for critical decision-making even when 
data are sparse, the use of such modeling dur-
ing emergency responses will likely increase in 
the coming years. At the same time, the increas-
ing viability of research during an outbreak 
into improving patient care, testing medical 
countermeasures, and conducting needed 
social science research (e.g., the nature and 
number of contacts between people in a par-
ticular culture with and without intervention) 
should provide modelers with better data 
faster to refine their models. It will remain 
essential for emergency response leadership to 
have a basic understanding of what modeling 
can and cannot do to improve the scope and 
effectiveness of response activities.

? Discussion Questions
 1. Leadership needs data to inform 

response actions during an outbreak, 
especially during the initial stages of  the 
response when there is pressure to take 
immediate action. Discuss the four cat-
egories of  questions that emergency 
response leaders generally ask modelers 
in such scenarios.

 2. Discuss the salient pieces of  information 
decision-makers need early in a response 
to gauge the resources required for a 
suitable response and to explain the 
unfolding situation to the public.

 3. Define a model.
 4. Explain critical differences between sta-

tistical and mathematical modelling, 
and their usefulness and limitations in a 
real-world setting for emergency 
response decision making.

 5. Discuss what modeling can and cannot 
do and why modeling is useful for emer-
gency response decision making.

 6. Discuss compartmental, decision-tree, 
patient flow and throughput, and indi-
vidual- or agent-based models.

 7. Explain why methods of  sensitivity 
analysis are important in dealing with 
uncertainty.

 8. Describe the four common types of  sen-
sitivity analyses: univariate, multivari-
ate, scenario-based, threshold.
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 9. Outline some effective communica-
tions strategies that are beneficial for 
conveying modeling results that 
response leadership can use for making 
critical decisions.
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Learning Objectives
This chapter should enable readers to under-
stand and discuss

 5 The role of epidemiological analysis and 
mathematical modeling in providing 
insights for policymakers deciding on infec-
tious disease emergency response options

 5 Basic features of the advanced analytics 
and mathematical modeling used during 
the COVID-19 pandemic, including key 
retrospective and prospective analyses and 
modeling

 5 How estimates of the SARS-CoV-2 repro-
duction number (R0) from the start of the 
COVID- 19 pandemic were important to 
decision-making

 5 What sort of investigations or data are 
needed to inform the optimal duration of 
case isolation or quarantine measures

 5 Why “nowcasts” are useful for improving 
situational awareness in addition to 
reported numbers of cases, hospitaliza-
tions, and deaths

 5 Why modeling of possible futures is useful 
for policymakers even if  real-life outcomes 
can differ from model outputs

1  Introduction

The unprecedented scale and impact of the 
COVID-19 pandemic have challenged policy-
makers globally. Decisions on implementing 
socially and economically disruptive control 
measures have often had to be made on lim-
ited quantitative evidence. Epidemiological 
analysis and mathematical modeling are pow-
erful tools for systematically synthesizing the 
knowns and unknowns, to highlight key 
knowledge gaps, and to provide quantitative 
insights into potential policy options. The 
pandemic has reinforced how modeling or 

advanced analytics can play an important role 
in informing policy responses.

For any emerging pathogen, rapid assess-
ment and continuous monitoring of key met-
rics are crucial for response activities 
(. Table  1). Together, these help to address 
questions such as: What is the true scale of the 
epidemic? How fast is it spreading? How 
much of a threat does it pose? How bad will it 
get? And what can we do?

“Modeling” (7 Chap. 24) is often used as 
a catch-all phrase that spans a wide range of 
interconnected quantitative analyses, includ-
ing classical epidemiological studies; statisti-
cal models; mechanistic transmission models; 
and phylogenetic models. Modeling in the 
ongoing COVID-19 pandemic can be broadly 
split into three categories:
 1. Retrospective analysis uses available data 

from the past to understand epidemic 
trends, estimate key parameters such as 
transmissibility and incubation period, 
and assess the impact of past interventions 
(e.g., estimating vaccine effectiveness).

 2. Prospective short-term forecasts estimate 
how many new cases, hospitalizations, or 
deaths we might see in the next 3–6 weeks 
if  current trends continue.

 3. Prospective scenario modeling and counter-
factual analyses explore what might hap-
pen in the future over the coming months 
under certain scenarios. The potential 
impact of different policy options can be 
quantitatively assessed, and the key uncer-
tainties explored.

This chapter explores the advanced analytics 
and mathematical modeling used for planning 
and decision-making during the COVID-19 
pandemic. . Figure 1 shows the timeline of 
key analyses conducted during the pandemic 
up to December 31, 2021.
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.       Table 1 Summary of  key metrics required to address key public health questions (authors)

Public health question Metric Definition

How quickly will it spread? Basic reproduction number (R0) The average number of secondary 
cases generated by a single case in a 
large entirely susceptible population

How many people will die? Case fatality ratio (CFR)
Infection fatality ratio (IFR)

The proportion of cases (CFR) or 
infections (IFR) that will eventually 
die from the disease

How many people will require 
healthcare?

Case hospitalization ratio 
(CHR)
Infection hospitalization ratio 
(IHR)

The proportion of cases (CHR) or 
infections (IHR) that will be 
hospitalized

How easy will it be or how 
quickly will control measures 
need to be implemented?

Serial interval (SI)
Generation time (Tg)

The time between symptom onset 
(SI) or infection (Tg) of the infector 
and infected in a successive 
transmission chain

How long should a case or 
contact be quarantined for? Or 
how long should they self-isolate?

Incubation period The time between infection and 
symptom onset

Duration of infectiousness The time period that a symptomatic 
or asymptomatic case sheds 
infectious virus

Should close contacts of 
confirmed cases self-isolate? Or 
should routine testing of 
asymptomatic persons be 
introduced in certain settings?

Asymptomatic and infectious 
proportion

The proportion of infections that 
never develop symptoms but can 
transmit the virus

In what settings is the risk of 
transmission the highest?

Secondary attack rate The proportion of known contacts 
that develop the disease

What are the drivers of 
transmission?

Overdispersion (k) Heterogeneity in transmission

What is the potential healthcare 
capacity required?

Delay distributions Duration of hospitalization or delay 
between symptom onset and death or 
recovery
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2  Retrospective Analysis

2.1  Assessment of Transmissibility

The basic reproduction number, R0, defined as 
the average number of secondary cases gener-
ated by a single case in a large susceptible pop-
ulation, is a key metric that quantifies whether 
an epidemic is likely to take off. The epidemic 
will grow when R0 > 1 and will shrink if  R0 < 1. 
Thus, the reproduction number helps to define 
the intensity of interventions required to bring 
the epidemic under control.

The earliest estimate of R0 for COVID-19 
was based on calibrating the proportion of 
simulations (generated using a branching pro-
cess model and a range of R0 values) that were 
statistically compatible with the estimated 
true size of the epidemic in Wuhan City (Imai 
et al. 2020a, b; Wu et al. 2020b). Estimates of 
R0, growth rate and doubling times were also 
made directly from the initial epidemic curve 
of 425 patients (Li et al. 2020). When data are 
sparse, mathematical models can help to syn-
thesize multiple data sets into a single quanti-
tative framework. For example, the potential 
for sustained human-to-human transmission 
outside China was estimated by fitting a sto-
chastic transmission model (a model that cap-
tures the randomness inherent in real 
infectious disease transmission and demo-
graphic processes) simultaneously to case data 
in Wuhan, in all of China, and internationally, 
and to the prevalence of SARS-CoV-2 infec-
tions in repatriation flights (Kucharski et  al. 
2020b). Alternatively, the outbreak aboard the 
Diamond Princess cruise ship in January–
February 2020 provided an early opportunity 
to understand the transmission dynamics of 
SARS-CoV-2 within a closed setting. Using 
the daily incidence of new confirmed infec-
tions and a next-generation matrix approach, 
the effective reproduction number could be 
tracked in distinct populations (crew vs. pas-
sengers) over the course of the outbreak 
(Mizumoto and Chowell 2020). Furthermore, 
as cases were increasingly reported from prov-
inces across China, using data on travel vol-
umes and dates of travel, early transmissibility 

could be estimated by assuming or estimating 
the incubation period and serial interval dis-
tributions (Sanche et  al. 2020). These early 
estimates of R0, ranging between 1.5 and 3.5, 
established SARS-CoV-2 as a novel pathogen 
with pandemic potential and helped to define 
the level of interventions required to bring the 
epidemic(s) under control.

After the widespread implementation of 
nonpharmaceutical interventions (NPIs) such 
as school or workplace closures, the real-time 
estimation of SARS-CoV-2 transmissibility 
using branching processes (and extensions to 
this) (Cori et al. 2013; Thompson et al. 2019) 
became critical to understand the impact of 
measures and to assess by how much they 
could be lifted (Cowling et  al. 2020; Leung 
et al. 2020).

2.2  Estimating Severity

The case and infection fatality ratios (CFR 
and IFR)—the proportion of cases or indi-
viduals infected who eventually die from the 
disease, respectively—are among the most 
important variables to quantify during an 
outbreak of a novel pathogen. However, the 
delay between the onset of symptoms and the 
eventual recovery or death of an individual 
and the bias in surveillance toward clinically 
severe cases may bias crude estimates of the 
severity of disease (Ghani et al. 2005).

The first clinical reports identified a high 
mortality associated with hospitalized 
patients, with risk of death increasing with 
age (Huang et  al. 2020; CDC COVID-19 
Response Team 2020; Zhou et  al. 2020). 
However, estimating the denominator popula-
tion (all cases or all infections) is challenging 
when diagnostic capacity is low and/or health-
care systems are overwhelmed. Thus, detailed 
data on outbreaks in closed populations such 
as onboard the Diamond Princess cruise ship 
can be beneficial for estimating CFR and 
IFRs (Russell et al. 2020).

Alternatively, synthesis of multiple data 
sources can help to provide robust estimates 
of severity by accounting for censoring 
(incomplete information about an individual 
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due to the event of interest not occurring dur-
ing the study period) and ascertainment biases 
(where some subgroups of the target popula-
tion are less likely to be captured due to, for 
example, differences in clinical symptoms). By 
fitting to age-specific confirmed cases and 
deaths in Wuhan City, across mainland China, 
confirmed cases departing Wuhan interna-
tional airport to destinations outside of 
China, and the prevalence of PCR-confirmed 
SARS-CoV-2 infection among repatriated 
individuals, a range of severity estimates 
could be generated (Verity et  al. 2020; Wu 
et al. 2020a). The higher severity and rapidly 
increasing risk of death with age were infor-
mative for preparedness plans and explora-
tion of potential policy options such as 
“shielding” the most vulnerable.

As data on SARS-CoV-2 seroprevalence 
became available, providing robust estimates 
of the number of infections within a popula-
tion, this was combined with the age-specific 
number of cases and deaths within the same 
population to refine estimates of the IFR. A 
range of sophisticated analyses accounted for 
the delays between infection and seroconver-
sion and infection and death, as well as uncer-
tainty in seroprevalence estimates (Brazeau 
et al. 2020; O’Driscoll et al. 2021; Perez-Saez 
et al. 2021). These studies allowed more rigor-
ous comparison of disease burden across dif-
ferent settings.

2.3  Incubation Period and Serial 
Interval

The incubation period (time between infec-
tion and onset of symptoms) and the serial 
interval (time between dates of onset of symp-
toms in consecutive cases in a chain of trans-
mission) are important variables for 
interpreting trends in disease incidence. 
Closely related to the serial interval, the gen-
eration time is the time between the date of 
infection of an index case and that of a sec-
ondary case generated by that index. The 
incubation period and its variation require 
information on date of exposure and symp-
tom onset and can help define the optimal 
duration of quarantine for contacts of cases. 

The serial interval requires contact-tracing 
data to identify potential chains of transmis-
sion and the dates of symptom onset within 
this chain. It indicates the controllability of 
an epidemic by determining the relationship 
between growth rate and R0, the potential for 
pre-symptomatic transmission (Tindale et al. 
2020), and how delays to case isolation may 
hinder control.

These key intervals were initially estimated 
empirically from clinical records (Guan et al. 
2020; Xu et  al. 2020) or by using data from 
international travelers with travel history to 
Wuhan. Fitting parametric probability distri-
butions to these data allowed a probabilistic 
assessment of these intervals, for example, 
95% of individuals developed symptoms 
within 12.5 days from infection (Backer et al. 
2020; Li et  al. 2020). Further analyses 
accounted for censoring, coarse data, or the 
sensitivity to the onset of specific symptoms, 
for example, cough vs. fever (Lauer et al. 2020; 
Linton et al. 2020).

Typically, contact-tracing or outbreak 
investigation data are needed to reconstruct 
transmission chains and estimate the serial 
interval from pairs of infector–infectees (Pung 
et  al. 2020). Once interventions are imple-
mented, it is important to account for the 
effect of isolation on truncating the serial 
interval (Bi et al. 2020). NPIs, and their imple-
mentation or relaxation, can affect the serial 
interval distribution over the course of an epi-
demic; this variation should be accounted for 
when assessing changes in the reproduction 
number (Ali et al. 2020). As SARS-CoV-2 has 
evolved over the course of the epidemic, the 
serial interval and generation time have 
changed, requiring estimates to be updated 
regularly (Hart et al. 2022).

2.4  Over-Dispersion and Attack 
Rates

The secondary attack rate (the proportion of 
known contacts who develop disease) and the 
degree of over-dispersion (heterogeneity in 
transmission) provide insights into the risk of 
transmission in different settings. By stratify-
ing by the type of contact, such as household 
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or workplace or by the age of the index case 
and/or contact, high-risk transmission set-
tings or activities can be identified and tar-
geted for interventions (Bi et al. 2020; Cheng 
et  al. 2020; Jing et  al. 2020; Laxminarayan 
et  al. 2020). Systematic reviews and meta- 
analyses of attack rates pooling and stratify-
ing estimates from multiple studies identified 
households and exposure in settings with close 
contacts, such as spouses, as high risk and an 
increased risk of transmission from symptom-
atic compared to asymptomatic index cases 
(Madewell et al. 2020; Thompson et al. 2021a).

At the start of the pandemic, some coun-
tries observed far fewer sustained chains of 
SARS-CoV-2 transmission than others. This 
suggested a high degree of variation in the num-
ber of secondary transmissions (often charac-
terized by superspreading events—7 In Focus 
21.1). Early comparisons of imported and 
locally acquired cases identified a highly over-
dispersed offspring distribution with approxi-
mately 10–20% of cases responsible for 80% of 
onward transmission (Endo et  al. 2020). This 
finding was later validated by detailed contact-
tracing studies and phylogenetic studies (Adam 
et  al. 2020; Bi et  al. 2020; Wang et  al. 2020). 
Furthermore, the increasing transmissibility of 
the Alpha, Delta, and Omicron SARS-CoV-2 
variants is associated with higher secondary 
attack rates—1.31 and 2 times higher for Alpha 
and Delta index cases, respectively, compared to 
non-VOC index cases (Buchan et al. 2022; Ng 
et al. 2021).

The combined findings of high-risk set-
tings and evidence of superspreading events 
driving transmission helped to inform the 
World Health Organization’s recommenda-
tion “avoid the 3 Cs”: crowded places, close- 
contact settings, and confined and enclosed 
spaces (WHO 2020).

2.5  Assessing the Impact 
of Nonpharmaceutical 
Interventions

Assessing the impact of specific NPIs on 
transmission of a novel pathogen is critical for 
planning pandemic response measures— 

especially before, in the absence of, or where 
there is a shortage of vaccines or therapeutics. 
Early on, most countries implemented blunt 
“lockdown” measures in response to the expo-
nentially growing pandemic.

The impact of  restrictions imposed on 
movement between Wuhan and other cities 
across mainland China was estimated by 
combining detailed information on real-time 
mobility, the number of  new cases outside 
Wuhan, and their travel histories, and showed 
that strict mobility measures could success-
fully reduce the growth rate (Kraemer et al. 
2020). As restrictions were introduced in 
rapid succession across Europe, under fixed 
assumptions about parameters like the fatal-
ity rate and the delay between infection and 
death, information could be pooled across 
countries to estimate the time-varying repro-
duction number, Rt, and whether and how 
lockdown measures successfully drove this 
below the critical threshold of  one (Flaxman 
et al. 2020). Gatto et al. (2020) used spatially 
explicit transmission models to estimate the 
effects of  emergency containment measures 
as they were introduced in specific provinces 
before being implemented nationally in Italy 
and found that such measures reduced trans-
mission by 45% (95% CI: 42–49). As surveil-
lance for COVID-19 was established, 
transmission models could be fitted to 
detailed hospital data such as ICU admis-
sions, hospital admissions, and bed occu-
pancy to estimate changes in the reproduction 
number due to lockdown measures (Salje 
et al. 2020).

While studies agree that lockdowns were 
highly effective, quantifying which measures 
within the suite of social distancing measures 
were most impactful was vital as countries 
considered lockdown “exit strategies.” In set-
tings such as Hong Kong, where a package of 
interventions short of a total lockdown was 
implemented, comparisons of influenza Rt to 
previous years showed that the interventions 
additional to school closures (schools had 
been closed in previous influenza seasons) had 
a substantial effect on influenza transmission, 
which shares characteristics with SARS- 
CoV- 2 (Cowling et al. 2020). Similarly, where 
different combinations or “tiers” of restric-
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tions were implemented in specific regions in 
England, evidence synthesis approaches com-
bining COVID-19 data with mobility and 
social contact data were used to quantify the 
impact of specific tiers on transmission 
(Davies et al. 2021b). Social mixing patterns 
have changed radically in response to behav-
ioral changes and control measures. 
Comparisons of contact patterns collected 
through surveys before and after or during 
control measures can be used to estimate the 
change in the reproduction number and thus 
the impact of NPIs (Jarvis et al. 2020; Quaife 
et al. 2020; Zhang et al. 2020). Mathematical 
models can therefore be used to inform exit 
strategies but also to evaluate their success. In 
England, a stepwise lifting of interventions 
was planned alongside the rapid roll-out of 
vaccinations. By extending transmission mod-
els to account for vaccinations, the impact of 
increased transmission due to higher social 
mixing as interventions are lifted and the pro-
tective effects of vaccines can be disentangled 
(Sonabend et al. 2021).

2.6  Vaccine Effectiveness

Randomized controlled trials (RCTs) 
(7 Chap. 22) have demonstrated high efficacy 
of multiple vaccines against COVID-19 (Baden 
et  al. 2021; Polack et  al. 2020; Sadoff et  al. 
2021; Voysey et al. 2021). However, the effica-
cies measured in tightly controlled RCTs are 
not always observed under real-world condi-
tions. Robust estimates of vaccine effectiveness 
(VE), combined with age-specific estimates of 
severity and insights from modeling, can help 
to inform optimal vaccination strategies.

Following rollout of vaccines, a large num-
ber of vaccine effectiveness studies have been 
undertaken in multiple countries (Feikin et al. 
2022). Large-scale cohorts (possible in settings 
where vaccination data can be linked to viral 
testing and outcome data) have been used to 
estimate interim single dose VE and VE against 
specific end-points, such as hospitalizations or 
death (Sheikh et  al. 2021; Thompson et  al. 
2021b; Vasileiou et al. 2021). Analysis of these 
cohorts typically uses Poisson or negative bino-
mial regression statistical models. Other obser-

vational studies have used matched cohort 
designs (Dagan et  al. 2021) or test-negative 
case–control designs (Haas et al. 2021; Lopez 
Bernal et al. 2021a, b). The pandemic has also 
seen the development of novel approaches to 
assess VE against infection using large-scale 
asymptomatic testing, with commensurately 
more complex statistical analysis to account 
for potential biases (Pouwels et al. 2021).

2.7  Variants

The emergence and detection of new “vari-
ants of concern” (VOCs) of SARS-CoV-2, 
notably the lineages B.1.1.7 (Alpha), B.1.351 
(Beta), P.1 (Gamma), B.1.617.2 (Delta), and 
B.1.1.529 (Omicron), have posed challenges 
for global pandemic control efforts. When a 
new variant emerges, rapid assessments of 
potential changes in severity and transmissi-
bility must be made to inform policy responses. 
Genetic surveillance and the availability and 
timeliness of sequence data have been critical 
for these efforts.

Mathematical models can be fitted to data 
on the increase in frequency of a variant over 
time to quantify the relative growth rates of 
new variants (Davies et al. 2021a; Volz et al. 
2021). Phylodynamic models can also esti-
mate epidemic growth rates from the rates of 
genetic diversification over time (Volz et  al. 
2021). Mechanistic mathematical models can 
then be used to explore specific hypotheses for 
increased transmission such as variation in 
susceptibility by age, immune-escape proper-
ties, increased infectiousness, or longer dura-
tions of infectiousness (Davies et  al. 2021a; 
Faria et  al. 2021). Typically, new variants 
emerge and spread from a hotspot. 
Phylogeographic approaches integrating 
mobile phone mobility data were used to 
explore the spatial invasion dynamics of 
Alpha in England and the potential implica-
tions of the timing of NPIs and the levels of 
social mixing (Kraemer et al. 2021).

Where data on genetic testing and patient 
outcomes can be linked, survival models can 
quantify changes in disease severity associ-
ated with new variants (Davies et  al. 2021c; 
Nyberg et al. 2022).
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3  Prospective Modeling

3.1  Short-Term Forecasting

Real-time models, with parameters calibrated 
to an ongoing epidemic, can be used to pro-
vide insights into potential future trajectories 
and help with policy planning. Predictions 
about the course of an epidemic are often 
referred to as probabilistic forecasts (Cramer 
et al. 2022). A forecast is a set of time-bound 
outcomes associated with a probability distri-
bution, for example, the number of beds occu-
pied by COVID-19 patients at a certain date, 
with associated uncertainty (Gneiting and 
Katzfuss 2014). They are obtained by fitting a 
model to an ongoing epidemic and simulating 
outcomes based on the likely evolution of the 
parameters of the model. They are closely 
related to projections, where the model is fit-
ted to ongoing epidemics and the outcome is 
based on assuming the parameters remain the 
same; and scenarios, where the outcome is 
based on parameters varied with predefined 
assumptions.

Short-term forecasts (less than 6  weeks) 
aid situational awareness and allow 
 policymakers to plan for healthcare demand 
and allocate resources. A specific set of fore-
casts known as “nowcasts” can also provide a 
set of outcomes describing the current situa-
tion associated with a probability distribution. 
Due to reporting delays or lags to outcomes 
such as deaths associated with COVID-19, 
which can occur several weeks after the onset 
of symptoms, often, real-time data on cases or 
deaths may not be an accurate reflection of 
the true epidemic. This was true for COVID- 19 
when the rapid doubling time and exponential 
growth of the early epidemic meant that delay-
ing control measures for a short period had a 
disproportionate impact on the final burden. 
For example, a 1-week delay in implementing 
lockdown in the first pandemic wave in 
England resulted in an estimated 20,000 addi-
tional deaths (Knock et al. 2021).

COVID-19 forecasting has benefited from 
existing forecasting consortiums for seasonal 
influenza (CDC 2019) or emerging outbreaks, 

such as Ebola (Viboud et  al. 2018), led, for 
example, by the U.S.  Centers for Disease 
Control and Prevention (CDC) (COVID-19 
forecast hub 2022; Cramer et al. 2022). Many 
groups have made forecasting tools publicly 
available (Epiforecasts. 2022; Sheldon et  al. 
2020), and many countries reference forecasts 
or projections as part of their COVID-19 
dashboards; for example, Australia (Australian 
Government 2020a, b, c), Hong Kong (Leung 
et  al. 2021), Japan (National Institute of 
Infectious Diseases 2022), the Philippines 
(Philippines Dept of Health 2022), South 
Africa (National Institute for Communicable 
Diseases 2021), and the United Kingdom 
(Scientific Advisory Group for Emergencies 
2022).

3.2  Scenario Modeling 
and Counterfactual Analysis

Policymakers have faced unprecedented situa-
tions during the multiple SARS-CoV-2 waves. 
In the initial absence of epidemiological stud-
ies quantifying the potential impact of the dif-
ferent intervention options, decision-makers 
often had to rely on and base their decisions 
on outputs of scenario modeling.

Scenario modeling shares many features 
of projections and forecasts obtained using 
models fitted to the current outbreak, often 
using a Bayesian methodology to integrate 
multiple data sources and reflect uncertainty. 
While forecasts and short-term projections 
can rely on simpler models, the modeling and 
exploration of policy scenarios require the 
inclusion of more complex mechanisms, such 
as explicitly modeling mass action transmis-
sion as a function of contacts in an age- 
stratified population.

These scenarios are usually built around a 
central scenario, commonly the status quo or 
else what is judged the most likely course of 
action, with alternative (counterfactual) sce-
narios. Each scenario provides outputs using 
a number of metrics, for example, the cumula-
tive number of deaths or hospitalizations over 
time, or number of general or intensive care 
beds occupied at the peak of the predicted 
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wave. This information allows decision- 
makers to balance the societal and economic 
cost of interventions with the potential scale 
of mortality or the risk of healthcare capacity 
being overwhelmed. Note that this type of 
modeling is primarily an aid to policy think-
ing, rather than scientific research per se.

Early in the pandemic, counterfactual 
analyses focused on the impact of potential 
restrictions to mitigate deaths and avoid 
health systems being overwhelmed by a sud-
den increase in hospitalizations. These analy-
ses assumed an ability to impose restrictions 
that reduced R0 below 1 and compared the 
feasibility of implementing strict “COVID- 
zero,” a range of NPI measures, or a “laissez 
faire” strategy (Australian Government 
2020a; Habib 2020; Imperial College 
COVID- 19 Response Team 2020; Ministry of 
Health Manatu Hauora 2021).

Following the initial lockdowns, models 
then focused on modeling resurgence of trans-
mission (second wave) based on seasonal fac-
tors and the degree of return to pre-pandemic 
social mixing (Monod et al. 2021; Panovska- 
Griffiths et al. 2020). The main public health 
question was the potential level of resurgence 
following the partial lifting of NPIs given the 
absence of widespread population immunity 
and no vaccine. In the United Kingdom, the 
potential for resurgence in the autumn and 
winter of 2020 was framed in terms of a “rea-
sonable worst-case scenario.” This uses a set 
of assumptions defined as “pessimistic” as 
assessed by expert opinion (or based on past 
data if  available) but regarded as still plausible 
(Academy of Medical Sciences 2020; 
Spectator 2020). Such models provide policy-
makers with a useable benchmark for resourc-
ing and planning.

“Novel” interventions, less stringent than 
lockdowns but still with potential to mitigate 
an increase in infections, were also explored in 
the second half  of 2020. These included face 
coverings (IHME COVID-19 Forecasting 
Team 2021), contact-tracing and isolation to 
control COVID-19 transmission (Hellewell 
et al. 2020), various molecular testing strate-
gies (Grassly et al. 2020), or a combination of 
multiple measures (Kucharski et  al. 2020a). 
Other studies explored the feasibility of digi-

tal automated contact-tracing through dedi-
cated mobile phone applications (Abueg et al. 
2021; Cencetti et al. 2021; Ferretti et al. 2020).

The emergence of VOCs highlighted the 
importance of using scenario analyses to 
revise plans if  necessary. A good example of 
this is the modeling informing “the roadmap 
out of lockdown” in England (Scientific 
Pandemic Influenza Group on Modelling 
2021c, d; UK Government 2021). Analyses 
following the emergence of the Delta variant 
informed and led to the government delaying 
the final “step 4” lifting of COVID-19 restric-
tions by 1  month (Scientific Pandemic 
Influenza Group on Modelling 2021a, b).

The availability of effective vaccines start-
ing at the end of 2020 led to modeling studies 
looking at their potential impact, examining a 
variety of allocation strategies and rollout 
scenarios (Bubar et  al. 2021; Hogan et  al. 
2021). The initial vaccine prioritization from 
National Immunization Technical Advisory 
Groups1 worldwide was largely driven by the 
age of vaccine recipients, given the marked 
age-specific severity profile (Verity et al. 2020) 
and the uncertainty around how effectively 
vaccines could protect against infections or 
onward transmission from breakthrough 
infections. This age-based prioritization was 
supported by early modeling studies (Foy 
et al. 2021) suggesting that strategies prioritiz-
ing younger age groups in order to reduce 
transmission, rather than to reduce hospital-
izations and deaths, would only be practical 
with a large supply of transmission-blocking 
vaccines (Hogan et  al. 2021). Regardless of 
strategy, economic modeling demonstrated 
the favorable cost–benefit of vaccines com-
pared to NPIs (Sandmann et al. 2021).

1 National Immunization Technical Advisory Groups 
(NITAGs) are multidisciplinary groups of  national 
experts responsible for providing independent, evi-
dence-informed advice to policymakers and pro-
gram managers on policy issues related to 
immunization and vaccines. The Global Vaccine 
Action Plan called for all countries to establish or 
have access to a NITAG by 2020. As of  2019, 120 
countries reported the existence of  a group meeting 
the criteria of  a well-established NITAG (WHO 
2021).
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In early 2021, despite the emergence of the 
more severe and transmissible Alpha variant 
(Davies et al. 2021a; Volz et al. 2021), the wide 
availability of vaccines in some countries led 
to the potential of reaching high vaccine cov-
erage in the most vulnerable groups. In this 
context, models have been used to define the 
pace at which NPIs could be lifted as a func-
tion of the vaccine roll-out plan, to avoid a 
substantial “exit wave.” Such modeling 
informed England’s “roadmap out of lock-
down,” which defined the lifting of restric-
tions in successive steps (Moore et al. 2021). 
While initial models did not consider new 
variants, the emergence and global spread of 
the Delta variant, which was even more trans-
missible and severe than the Alpha variant, 
forced a rethink of existing models. New 
models had to incorporate multiple variants 
(mechanism of replacement), impact of pol-
icy on behavior and transmission, a reduction 
in vaccine effectiveness (relative to Alpha), 
and increasing vaccine-induced immunity 
(Sonabend et al. 2021).

In October 2021, a new variant, Omicron, 
was first reported in South Africa. Modeling 
quickly estimated the potential for substantial 
immune escape, reflected in the high level of 
reinfections observed (Pulliam et  al. 2022). 
Projections for other settings demonstrated 
how this new variant was likely to sustain and 
prolong the circulation of SARS-CoV-2 
(Barnard et al. 2021).

Throughout the pandemic, its trajectory 
has depended not only on current epidemio-
logical parameters but also on viral evolution, 
human behavior, and policy decisions. 
Additionally, longer term model-based pro-
jections can impact behavior or policies, sub-
sequently making the initial projection 
“wrong” if  the control measures in place are 
changed, for example. Counterfactual model-
ing scenarios have in some cases been misin-
terpreted by the public and media as 
predictions, with media often highlighting the 
most pessimistic of the many scenarios gener-
ated. Models rely on surveillance data to be 
calibrated, but new analyses are most needed 
when something new arises, for example, the 
emergence of a new variant, availability of a 
new vaccine, or a change in policy. In these 

situations, the key data to assess the impact of 
potential scenarios are often missing—such as 
the transmissibility or severity of the new 
variant, the effectiveness of the new vaccine, 
or the impact of the change in policy on trans-
mission. Thus, analyses conducted early in the 
emergence of new variant carry large uncer-
tainties. While such modeling is still valuable 
for policymakers, rigorous representation and 
characterization of such uncertainty are 
essential, as is assessment of the data needs 
and timescale required to reduce that uncer-
tainty.

4  Conclusion

Epidemiological analyses and mathematical 
modeling have been vital tools in informing 
the COVID-19 response globally. As with any 
emerging pathogen, key policy questions need 
answers—“How quickly is it spreading?” 
“How severe will it be?” “What can we do?”—
and the data necessary to address these ques-
tions have remained unchanged (Cori et  al. 
2017). While the speed and scale of the scien-
tific response have been immense, the sheer 
volume of peer-reviewed and pre-print 
research produced has at times made it diffi-
cult to identify and robustly assess the emerg-
ing scientific evidence. Efforts to collate 
relevant information via evidence synthesis 
and systematic reviews have therefore been 
valuable in providing a wider overview of the 
pandemic, which has differed substantially by 
country. Furthermore, heterogeneity in data 
availability, particularly in low- and middle- 
income countries where testing capacity may 
be limited, has led to methodological develop-
ments using novel indicators including death 
certificates and changes in burial practices 
(Djaafara et  al. 2021; Watson et  al. 2021). 
Other advances include the development of 
guidelines for the standardized reporting of 
epidemic forecasts, which will improve the 
consistency and comparability of forecasts 
across settings (Pollett et al. 2021). However, 
there are substantial regional disparities in the 
technical capacity required to undertake rapid 
analysis and modeling to support the 
COVID- 19 response, highlighting the need for 
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in- country capacity strengthening, especially 
in low- and middle-income settings. Finally, as 
countries look toward lessons learned and 
future preparedness and response efforts, it 
will be vital to retain and build on the wide- 
ranging analytical capacity created and the 
strong international collaborative efforts 
taken in response to the pandemic.

? Discussion Questions
 1. Why is it important for decision- making 

to have estimates of  the reproduction 
number (R0) at the beginning of  and 
throughout a pandemic, as well as in 
response to the emergence of  new patho-
gen variants?

 2. What sort of  investigations (or data) are 
needed to inform the optimal duration 
of  case isolation or quarantine mea-
sures?

 3. How are “nowcasts” useful for improv-
ing situational awareness in addition to 
reported numbers of  cases, hospitaliza-
tions, and deaths?

 4. Why is modeling of  future possible sce-
narios useful for policymakers even if  
we expect real-life outcomes to differ 
from model outputs?
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 Why WHO warned against cutting mos-
quito control programs when the incidence 
of yellow fever (YF) dropped around the 
world.

 5 The basis of the proposal to provide 
 one-fifth of the normally recommended YF 
vaccine dose in response to a 2016 YF  
outbreak in Central Africa.

 5 How a dose-sparing immunization regimen 
could reduce the infection rate even if  the 
smaller dose is less effective in preventing 
infection and disease.

 5 The mathematical modeling used by the 
authors to assess the impact of potentially 
reduced vaccine efficacy with fractional dos-
ing on the YF infection attack rate.

 5 How the conclusions of the modeling study 
were applied in urban Kinshasa.

 5 Conference recommendations for further 
research on the efficacy of fractional doses 
in outbreaks.

1  Modeling Fractional-Dose 
Emergency Vaccination 
Campaigns for Yellow Fever

Yellow fever (YF) is a mosquito-borne disease 
with no specific treatment (WHO 2019b). 
During the 1950s, mass vaccination and inten-
sive mosquito-control programs largely elimi-
nated YF, except in sub-Saharan Africa and 
sporadic hotspots in South America. However, 
as the burden of YF subsided, many mos-
quito control programs were dismantled. The 
World Health Organization (WHO) has been 
warning for decades that such policy failure, 
together with changes in demography, land 
use patterns, and international air travel, 
would set the stage for explosive outbreaks of 
urban YF.

This premonition was realized when YF 
resurged and spread widely in urban Angola in 
late 2015 (Chan 2016). By May 2016, more 
than 2500 suspected cases, including 301 
deaths, had been reported from all 18 prov-
inces of Angola. Cases had been exported to 

Kenya, China, and the Democratic Republic 
of the Congo (DRC), and the risk of further 
international spread was escalating. Although 
WHO maintained a YF vaccine stockpile of 
about six million doses for emergency use in 
reactive campaigns, the stockpile was intended 
for responding to sylvatic spillovers and was 
therefore insufficient in size for controlling 
sustained urban outbreaks. Facing severe 
shortages of YF vaccines, WHO proposed 
dose fractionation for an emergency YF vac-
cination campaign in August 2016 to vaccinate 
eight million people in Kinshasa, three million 
in anterior Angola, and 4.3 million along the 
DRC-Angola corridor (Schnirring 2016).

Although empirical evidence suggested 
that a fivefold fractional dose was not inferior 
to a standard dose in terms of safety and 
immunogenicity (largely due to the excess of 
infectious viral particles in routine YF vaccine 
batches) (Visser 2019), it was not known 
whether equal immunogenicity implies equal 
vaccine efficacy (VE) for YF vaccines. To 
strengthen the evidence base for the public 
health benefit of dose fractionation of YF 
vaccines, we used mathematical modeling to 
assess the impact of reduced VE in fractional 
dose vaccines on the infection attack rate 
(IAR), defined as the proportion of the popu-
lation infected over the course of an epidemic 
(Wu et al. 2016). Such an assessment would be 
particularly useful if  the pathogen was not 
highly transmissible (e.g., the basic reproduc-
tive number R0 of influenza is below 2 (Riley 
et al. 2007)) because even if  dose fractionation 
reduced VE, the resulting higher vaccine cov-
erage (VC) might confer higher herd immu-
nity, in which case the number of infections 
could be significantly reduced by the indirect 
effect of large-scale vaccination. However, the 
transmissibility of YF in urban settings had 
never been adequately characterized before 
due to limited data, and hence the importance 
of herd immunity for YF vaccination was 
unknown. As such, the first step of our study 
was to estimate the R0 of YF in urban settings 
by analyzing the epidemic curve of YF in 
Luanda, Angola. We found that in the absence 
of interventions, the R0 of YF was around 
5–7, which suggested that the intrinsic trans-
missibility of YF was not low. Therefore, the 
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herd effect would not likely be substantial 
unless the immunization coverage (VC x VE) 

was close to the control threshold 1 1

0
−

R
.

Let VE(n) and IAR(n) be the VE and IAR 
under n-fold dose fractionation. We assumed 

that vaccine action was all-or-nothing, i.e., 
vaccines provided 100% protection against 
infection in a proportion VE(n) of vaccinees 
and no protection in the remainder. Under 
this assumption,

IAR VE nV IARn S n R I n( ) = − ( )( ) − − ⋅ + ( )( )( )



0 0 01 1 exp

where V was the vaccine coverage achievable 
with standard-dose vaccines, and S0 and I0 
were the initial proportion of population that 
were susceptible and infectious. This simple 
model indicated that n-fold dose fractionation 

reduced IAR if  and only if  VE
VE

n
n

( ) > ( )1
 

regardless of the transmissibility of the patho-
gen and pre-existing population immunity.

Having established the minimum require-
ment on VE(n) for n-fold dose fractionation to 
be non-inferior, we then considered VE(5) = 1, 
0.9, 0.6 and 0.3 and compared the IAR when 
vaccines were administered in standard dose 
only versus according to the fivefold dose-
fractionation proposed by the WHO for its 
vaccination campaign in Kinshasa. We 
parameterized the population demographics 
and pre-campaign vaccine coverage in the 
model using (1) the age distribution of Angola 
and Kinshasa from the World Factbook (CIA 
2020); (2) the annual routine immunization 
coverage among children aged 12–23 months 
between 1997 and 2015 from WHO/United 
Nations Children’s Fund (UNICEF) immuni-
zation estimates (WHO 2019a); and (3) vac-
cine coverage conferred by the emergency 
vaccination of around one million people in 
Kinshasa during May–June 2016. We esti-
mated that the dose-sparing strategy would 
avert 7.1, 7.1, 5.4, and 1.3 million infections if  
R0 = 4, and around 7.9, 7.9, 4.0 and 1.0 mil-
lion infections if  R0 = 8–12. These figures were 
based on the assumption of a sustained epi-
demic, such that transmission declined when 
the population of susceptible hosts was 
depleted.

In conclusion, our rapid risk assessment 
model, shared via preprint in May 2016, 

showed that the proposed WHO dose-sparing 
strategy for the YF vaccination campaign in 
Kinshasa, DRC, would be a robust and effec-
tive strategy for reducing infection attack rate; 
it would prevent many more infections than 
using the vaccine at standard dosage, even with 
a large margin for error in case fivefold frac-
tional-dose vaccine efficacy turned out to be 
lower than expected. WHO formally recom-
mended the dose-fractionation strategy in July 
2016 (WHO 2016a), and it was implemented in 
August 2016 (. Fig.  1), during which nearly 
7.5 million residents of urban Kinshasa 
received fivefold fractional dose vaccines and 
nearly 0.5 million children under two and preg-
nant women received standard dose vaccines, 
achieving an estimated 98% coverage of the 
target population (WHO 2016b). In June 2017, 
WHO published an addendum to its 2013 
position paper on YF vaccine stating, “As a 
dose-sparing strategy, a fractional YF vaccine 
dose meeting the WHO minimum requirement 
for potency is expected to be equivalent to a 
standard YF vaccine dose with respect to 
safety, immunogenicity, and effectiveness” 
(WHO 2013, 2017c). Research conferences in 
2017 and 2019 drew on several clinical studies 
that supported the efficacy of fractional doses 
in outbreak circumstances, while recommend-
ing further research on the duration of immu-
nity and potential need for booster doses 
(WHO 2017a, 2020; Casey et al. 2019).

Here, mathematical modeling (7 Chaps. 
24 and 25) provided insights into the tradeoffs 
between individual-level vaccine efficacy and 
population-level herd immunity conferred by 
dose-sparing strategies. This approach bears 
relevance for questions of dose-sparing for 
other vaccines, e.g., inactivated polio vaccine 
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.       Fig. 1 Dose-sparing yellow fever vaccination campaign underway near Kinshasa. (Courtesy of  WHO/E. Photo: 
Soteras Jalil)

(WHO 2017b), as well as dose-spacing 
approaches, for example with coronavirus dis-
ease 2019 (COVID-19) vaccines (Kadire et al. 
2021; Tuite et  al. 2021). With respect to the 
latter, delaying the administration of the sec-
ond dose of a two-dose vaccine regimen has 
been implemented in some countries as a 
means to accelerate population coverage with 
the first dose, at the potential, uncertain cost 
of lower and/or waning efficacy during the 
time between when the second dose would be 
administered under the standard regimen and 
the second injection under the dose-spacing 
regimen. In principle, if  during this period the 
average vaccine efficacy of the first dose 
remains above one-half  of the vaccine efficacy 
following the second dose, then a dose- spacing 
regimen may reduce the infection attack rate.

? Discussion Questions
 1. During the 1950s, mass vaccination 

and intensive mosquito-control pro-
grams largely eliminated YF except in 
sub-Saharan Africa and sporadic 
hotspots in South America. As the 
burden of  YF subsided, WHO warned 

against dismantling many mosquito 
control programs. Why?

 2. Following YF’s resurgence and spread 
in urban Angola in late 2015, cases were 
exported to Kenya, China, and the 
DRC, escalating the risk of  further 
international spread. What prompted 
WHO to consider a fivefold fractional 
vaccine dose for an emergency YF vac-
cination campaign in August 2016?

 3. The transmissibility of  YF in urban set-
tings had never been adequately charac-
terized, so the importance of  herd 
immunity in YF was also largely 
unknown. Briefly summarize the mathe-
matical modeling used by the authors to 
assess the potential impact of  vaccine 
efficacy being reduced by an uncertain 
amount by fractional dosing.

 4. Briefly state the conclusions of  this 
study and their application in urban 
Kinshasa.

 5. Research conferences in 2017 and 2019 
drew on several clinical studies that sup-
ported the efficacy of  fractional doses in 
outbreak circumstances. What were 
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some recommendations for further 
research?

 6. The mathematical modeling of this 
study provided insights into the trad-
eoffs between individual-level vaccine 
efficacy and population-level herd 
immunity conferred by dose-sparing 
strategies. Beside YF, this approach also 
bears relevance for questions of dose-
sparing for inactivated polio vaccine 
and dose-spacing for COVID-19 vac-
cines. How could a dose-spacing regi-
men reduce the infection attack rate?
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 Key considerations, practices, obstacles, 
and possible solutions for rapidly generat-
ing social and behavioral evidence in health 
emergencies

 5 How social-science data can help elucidate 
outbreak dynamics and how, when inte-
grated with biomedical approaches, such 
data contribute to a holistic understanding 
of disease transmission, prevention, and 
control

 5 Ideal credentials for a social scientist who 
can be helpful in an emergency response

 5 Examples of practical questions social sci-
ence scientists might ask at the start of an 
emergency infectious disease outbreak and 
how the resulting information can contrib-
ute to overcoming operational obstacles

 5 The concept of reflexivity
 5 How assessments of cultural, social, eco-

nomic, and structural circumstances con-
tribute to emergency response

1  Introduction

Outbreaks of new and re-emerging infectious 
diseases present an ongoing threat to global 
health security (WHO 2022c; Gostin et  al. 
2016). Human behavior and the underlying 
social, political, and economic structures of 
societies directly influence how disease out-
breaks emerge and evolve (Farmer 1996; 
Lindahl and Grace 2015). Climate change, 
migration, deforestation, and urbanization 
are among the trends reshaping the social 
geography of the world, disrupting environ-
ments in ways that can favor the emergence or 
re-emergence of novel pathogens (Saker et al. 
2004). Globalization and the ease of long- 
distance travel mean that once novel patho-
gens emerge, they can more easily and rapidly 
travel around the world and increase the 
spread of disease. In the absence of known 
medical interventions to prevent and treat 
infection, non-pharmaceutical measures to 
break chains of transmission are the first line 
of defense. Once novel medical countermea-
sures (MCM), such as vaccines, therapies, and 

diagnostics, have been developed, their poten-
tial to shift the trajectory of a health emer-
gency depends on uptake and use. Moreover, 
health emergencies and the measures aimed at 
containing them disproportionately affect 
resource-poor settings, where many people 
live with fractured infrastructure, weak gover-
nance, fragile health systems, food insecurity, 
congested environments, or lack safe access to 
clean water. Evidence that draws attention to 
these social and behavioral dimensions of 
health emergencies is a key factor to inform 
inclusive, equitable and effective emergency 
response (Bedford et  al. 2019; Carter et  al. 
2021; Afifi et al. 2020; Bedson et al. 2021).

The coronavirus disease 2019 (COVID-19) 
pandemic witnessed a step change in the use 
of evidence to guide policy and practice. 
Research was integrated into mainstream 
response. This was evident at local, national, 
and global levels. The breadth of social sci-
ence research contributions became more vis-
ible during the pandemic and key areas of 
contribution were highlighted (Carter et  al. 
2020; Bedson et al. 2021; WHO 2020b; Bavel 
et  al. 2020). Evidence from the social and 
behavioral sciences yielded data on the many 
social and cultural factors influencing uptake 
of response measures designed to slow the 
spread of the pandemic (Seale et al. 2020; van 
der Westhuizen et al. 2020; Martindale et al. 
2021; Ryan et al. 2021; Voo et al. 2021). It pro-
vided explanations and insights into human 
behaviors that may seem counterintuitive, 
such as the zero-sum thinking that saw people 
in high income countries hoarding toilet 
paper, the politically aligned opposition to 
wearing of face masks, and rejection of safe 
and effective COVID-19 vaccines that brought 
promise of the end of the pandemic (Albrecht 
2022; Mello et al. 2022; Andreas et al. 2022; 
van der Westhuizen et al. 2020). Social science 
also brought sharp focus to the immediate 
and longer-term impacts of the pandemic, 
highlighting biomedical and social vulnerabil-
ity and the differential impacts of the pan-
demic on disadvantaged social groups. 
Understanding these dynamics is essential to 
shaping effective responses that account for 
social inequalities and seek to redress rather 
than perpetuate them (Rashid et  al. 2020). 
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       . Fig. 1 Summary of  social science research objectives from the World Health Organization (WHO) Coordinated 
Global Research Map. (WHO 2020b)

Evidence from social science research drew 
attention to the impacts and adaptations of 
health services in community and hospital set-
tings (Wanat et al. 2021; Hrynick et al. 2021; 
Chan et al. 2020), and to policy dynamics and 
the limitations of evidence informed practice 
(Vickery et  al. 2022; Atkinson et  al. 2020). 
Donors made important investments in social 
science research and the research community 
delivered an ambitious research program that 
impacted the way COVID-19 was managed 
around the world (Norton et  al. 2021). 
Alongside these advances there were impor-
tant innovations in how research was con-
ceived and delivered, including research on 
infrastructure and the development of tools 
and novel rapid research methods (7 Chap. 
22) (WHO 2021, 2022a). For example, inno-

vative data platforms enabled longitudinal 
data to be collected on public attitudes and 
practices related to public health and social 
measures (Collis et al. 2022; Betsch et al. 2020) 
(7 In Practice 18.2). These socio-behavioral 
data were used at policy level to inform public 
health and social measures policy decisions, 
risk communications, and community engage-
ment. The breadth and scale of COVID-19 
expanded the scope and demand for social 
and behavioral evidence. However, as with 
other disciplinary approaches, a tremendous 
amount of social and behavioral evidence was 
produced and not all of it was used or useful 
(. Fig. 1).

Drawing on lessons from COVID-19 and 
beyond, this chapter focuses on social science 
research to inform and strengthen emergency 
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response. Social science is a broad academic 
field that includes behavioral science, psychol-
ogy, anthropology, sociology, social epidemiol-
ogy, economics, political science, bioethics, 
history, geography, health communications, 
and law, as well as other disciplines. These dis-
ciplines are united in their focus on societies, 
human behavior, and human relationships. 
The social sciences apply theories and scien-
tific methodologies to the social, behavioral, 
historic, political, economic, and ecological 
processes that influence the emergence and 
evolution of disease outbreaks. To inform pol-
icy and operational decision-making during an 
emergency, different kinds of research are 
needed. Evidence aimed at impacting the tra-
jectory of an outbreak during the acute phases 
needs to be rapidly produced. Longer term 
research, for example, research evaluating the 
wider impacts of an outbreak, is also valuable, 
particularly for recovery and for future out-
breaks. By “research” we mean the systematic 
collection and analysis of data using appropri-
ate and replicable methods to address a clearly 
articulated and well rationalized research 
question. Here we focus on the response phase 
of the health emergency cycle and address 
rapid production of data and evidence to high-
light social and behavioral dynamics during an 
active outbreak. Without data, these dynamics 
often go unseen and unaccounted for. We 
include research to inform development or 
evaluation of interventions to tackle the acute 
phase of an outbreak. We do not include spe-
cific focus on monitoring and evaluation of 
programs. Our examples illustrate research 

conducted by social scientists as well as by oth-
ers working in multidisciplinary emergency 
response teams.

Rapidly generated evidence provides 
timely data to inform decision-makers and 
make emergency response interventions better 
adapted, appropriate, and effective; helping 
slow disease transmission, reduce morbidity 
and mortality, and ultimately end an out-
break—the goals of all response research 
described in this volume. Understanding the 
lived experiences and needs of affected groups 
can help responders partner with affected 
communities to deliver disease prevention and 
control measures that are contextually appro-
priate, safe, and acceptable, and therefore 
more effective. These needs and realities are 
often highly dynamic and localized: what 
worked last year may not be successful now, 
and what is effective in one community will 
not necessarily work in the next one. Societies 
also vary greatly between rural and urban 
environments as well as within and across 
countries. Intersectional and large-scale fac-
tors such as power, class, gender, ethnicity, 
age, sex, religion, poverty, and politics also 
keep some groups more vulnerable than oth-
ers. Awareness of these dynamics will  influence 
the kinds of questions that are asked during a 
public health emergency, the types of data 
collected, and the ways in which those data 
are then used to inform community- centered 
response actions. 7 Case Studies 1– 5 provide 
examples of how evidence from the social sci-
ences can help tackle operational challenges 
and inform response.

 Case Study 1

 Social Science Research to Inform Prevention of Nipah Virus Transmission in Bangladesh, 2009

Operational challenge: Preventing emergence of 
new zoonotic viruses depends on understanding 
the determinants of human risk. Nipah virus is 
a lethal zoonotic pathogen that has spilled over 
from bats into human populations, with limited 
person- to- person transmission. Human behav-
ior patterns shaped by culture, social environ-
ment, poverty, etc. must be taken into account 
to understand transmission and to inform mes-

sages for transmission prevention. Social norms 
in affected communities in Bangladesh required 
that caregivers take close care of patients, often 
sharing the same bowls, cleaning up patients’ 
bodily fluids, administering medicines, and 
often carelessly disposing of fluids, waste, etc.

Research: A collaborative team of epide-
miologists and anthropologists co- developed 
culturally appropriate interventions to pre-
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 Case Study 2

 Social Science Research to Inform Risk Communication during the Zika Virus Epidemic 
in Brazil, 2016

Operational challenge: The Zika virus epidemic 
erupted in 2015 with Brazil at its  epicenter. To 
effect a fast response, most institutions gener-
ated, packaged, and disseminated recycled risk 
communications from past dengue campaigns, 
since both diseases are primarily spread via 
Aedes aegypti mosquito. This resulted in one- 
sided health communications targeting women 
and ignoring the underlying sociocultural and 
behavioral determinants limiting the feasibility 
of Zika virus prevention.

Research: A team of public health practitio-
ners, anthropologists, and clinicians in 
Fortaleza, Brazil, used a rapid anthropological 
assessment (RAA) to explore how the preven-
tion recommendations resonated with the target 
population. The RAA included (1) free-listing 
questions, where respondents provide as many 
answers as they can think of; (2) ranking pre-
vention methods; (3) scenario discussions; (4) 
conversations with community members; (5) in-
depth, semi-structured interviews with women 

vent person-to-person transmission of the 
Nipah virus in villages in Bangladesh. Practi-
cal, simple, and culturally appropriate mes-
sages were developed, including strong 
messages on (1) washing hands at key times, 
such as before eating, after feeding a patient, 
and after cleaning patient saliva, vomit, urine, 
phlegm, or feces; (2) keeping caregivers’ and 
patients’ food in separate bowls, not sharing 
leftovers; and (3) sleeping in separate beds, 
sleeping in head-to- foot position to avoid 
contamination, or sleeping on the floor. Pic-
torial cards were developed for caregivers tak-

ing care of adult and child patients. Responses 
to the messaging were assessed; communities 
emphasized the importance of clearly explain-
ing the benefits of these measures, including 
social approbation (clean people praised by 
other caregivers), economic benefits (averting 
the costs of illness affecting the entire family), 
and health (benefits to both caregiver and 
patient).

Outcome: This research was helpful in 
designing public health intervention for com-
munities where close contact with the sick is 
the norm (Islam et al. 2013) (. Fig. 2).

a b

       . Fig. 2 Public material explaining transmission of 
Nipah virus in Malaysia and Bangladesh. a Shows the 
mode of  transmission in Malaysia; bats roosting in fruit 
trees contaminate fruits, which are in turn are consumed 
by pigs, then pig to human transmission occurs. b Shows 
mode of  transmission in Bangladesh, during the winter 

months, the season of  harvesting date palm sap. The 
fruit bats contaminate the date palm sap stream and sap 
collection containers with saliva or urine. Consumption 
of  contaminated raw date palm sap leads to human 
infection. (Hassan et al. 2022)
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of reproductive age; and (6) community obser-
vations. Findings were aimed at improving risk 
communications.

Outcome: This study provided insights into 
why disease prevention seemed ineffective dur-
ing the outbreak. It highlighted how the repur-
posed dengue messaging fed complacency, as 
the information did not give Zika- specific 
instructions for prevention. The priority popu-
lation did not believe the recommendations 

were realistic, as the messaging did not consider 
wealth disparities, sociocultural barriers, envi-
ronmental issues, or interpersonal factors 
impeding the prevention of mosquito bites, 
pregnancy, or sexual transmission of the dis-
ease. Recommendations were then revised to 
create actionable, tailored, issue-specific mes-
saging to best support disease prevention during 
the Zika outbreak (Stolow et  al. 2020) 
(. Fig. 3).

a b

       . Fig. 3 A Brazilian Zika prevention brochure. As noted by Coutinho et al. (2021), there was much Zika preven-
tion messaging but the burden of  action was on women rather than advocating a community-wide response

 Case Study 3

 Social Science Research to Understand the Effects of a Financial Incentive to Increase 
Reporting of Ebola Cases, Liberia 2014

Operational challenge: During the Ebola epi-
demic in Liberia the World Bank planned to 
introduce incentivized contact tracing by sug-
gesting that for each suspect case reported to 
officials, US$5 would be paid. It was assumed 

that such payment would increase the reporting 
of Ebola cases.

Research: A team of  two epidemiologists 
and one anthropologist were asked to assess 
whether local communities would accept an 

699
26 Social Science Evidence for Outbreak and Pandemic Response: Rapid Research ...



 

 Case Study 4

 Social Science Research to Inform Guidelines for Infection Prevention in a Home Where 
a Person with Confirmed COVID-19 Is Living

Operational challenge: During the COVID- 19 
pandemic, households were important sites for 
transmission of severe acute respiratory syn-
drome coronavirus 2 (SARS- CoV- 2). Preventive 
measures were recommended. However, these 
measures focused on biomedical aspects of 
infection prevention and control and did not 
account for the lived experience of household 
members, including, for example, the very 
human desire to express care for loved ones 
when they were unwell.

Research: An observational mixed-methods 
study was conducted. Households with a person 
with confirmed SARS-CoV-2 infection were 
recruited via drive-through testing sites of 
municipal health services, healthcare worker 
screening, hospital emergency visits, primary 
care physicians, or preoperative screening. The 
research team recorded household characteris-
tics, including those of all individual household 
members. In a subset of households, one adult 

household member was interviewed. The find-
ings highlighted that all households reported 
implementing some preventive measures; how-
ever, the use of face masks was least frequently 
reported. Importantly, respondents reported 
that they adapted measures based on pragmatic 
constraints, perceived severity of illness of the 
index patient, and the extent to which they were 
willing to limit social interaction. Respondents 
did not believe in the effectiveness of wearing 
face masks within the house due to influences 
from media, impracticality, and stigma. 
Interviewees reported that quarantine had a 
high emotional burden and wanted more infor-
mation about the exact duration of quarantine, 
their own COVID- 19 status, symptoms, and 
when to seek medical help.

Outcome: These findings informed national 
and regional guidelines related to prevention of 
SARS-CoV-2 transmission in the home 
(Verberk et al. 2021).

 Case Study 5

 Social Science Research to Integrate Healthcare Worker Perceptions and Practice into 
Improved Infection Prevention and Control Strategies for Ebola Virus Disease (EVD)

Operational challenge: During the 13th 
(October–December 2021) EVD outbreak in 
the Democratic Republic of the Congo (DRC), 
the first confirmed cases in children under 

5 years were nosocomial infections at healthcare 
facilities. Although infection prevention and 
control (IPC) scorecards were being used to 
evaluate risks, understanding of specific prac-

incentivized contact tracing scheme. This 
information was needed rapidly to inform fur-
ther emergency response interventions. It was 
decided that a rapid qualitative assessment 
with focus-group discussions would be the best 
and most feasible methodology and give com-
munities the opportunity to openly air their 
opinion. Contact tracers, community leaders, 
women, and youth were invited to participate.

Outcome: The planned scheme was rejected 
by the study participants; they argued that it 

would create social disruptions in families and 
communities in already stretched social rela-
tions. Moreover, the study leads were able to 
provide operational ideas from the community 
on how the outbreak could be curbed. The 
investigation also demonstrates how interdisci-
plinary rapid qualitative assessments which 
strive to engage communities can prevent mis-
steps in emergency response (Kutalek et  al. 
2015).
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2  Who Conducts Social Science 
Research in a Public Health 
Emergency Response?

Social scientists bring conceptual frameworks, 
methodological skill, and rigor to field 
research. However, evidence related to social 
dynamics of disease transmission prevention 
and control is often developed by responders 
from many disciplines, including clinicians, 
epidemiologists, and community health work-
ers. In an emergency, research is also per-
formed by multi-disciplinary teams, local 
government authorities, and frontline response 
workers. Rapid training for research teams 
and pre-developed resources, including proto-
cols and research tools that are pragmatic, 
easily understood, and adaptable to local con-
texts and particular outbreak patterns (e.g., 
modes of pathogen transmission), can 
advance integration of social science research 
into public health emergency response (WHO 
2021). Further, post- epidemic structures to 
promote and sustain local and national social 
practitioners are essential foundations for in-
country capacity for future responses.

3  Rapid Research for Emergency 
Response

A shared challenge for all research conducted 
in an emergency is producing evidence quickly 
enough to be useful for response efforts dur-
ing the acute phase of the crisis (Gobat et al. 
2019). Research approaches that require long 
lead times to develop protocols, collect and 
analyze data, and share results through 
reports or peer-reviewed publication often 
cannot provide such urgently needed evidence 
in time. Over the past decades, many rapid 
research methodologies and practical recom-
mendations for emergency research have been 
developed (7 Chap. 31) (Nuffield Council on 
Bioethics 2020; Sigfrid et  al. 2020; WHO 
2022b). During the COVID-19 pandemic, fur-
ther innovations accelerated and diversified 
data collection, analysis, and reporting.

This section sets out some practical con-
siderations for rapid social science research in 
an emergency response. It is an introduction 
to readers who may be new either to rapid 
methods or to social science research methods 
more broadly.

tices and risks of infection among children was 
limited (a phenomenon which had also been 
identified and analyzed during the 10th EVD 
outbreak [August 2018 to June 2020]).

Research: The Integrated Analytics Cell 
(CAI) conducted healthcare worker surveys 
based on tools developed during the 10th and 
11th (June–November 2020) EVD outbreaks, 
including targeted questions to understand how 
healthcare workers perceived their roles in 
infection prevention and control and their 
understanding and ability to identify risks spe-
cific to small children in healthcare facilities 
(UNICEF 2022).

Outcome: Survey results highlighted that the 
problems were not simple lack of knowledge 
about transmission. They arose from real and 
perceived shortfalls in capacity to identify risks 

and take measures needed to stop infection. For 
example, healthcare workers were aware of the 
need to disinfect beds, but the types of mat-
tresses available in the facilities made disinfec-
tion impossible. The surveys also found limited 
awareness that non-sterilization, or use of the 
same bed by multiple children and their family 
members, can be a source of nosocomial infec-
tion. Healthcare workers were more likely to see 
their role as raising alerts, rather than in disin-
fection, decontamination, and sterilization to 
stop infection. The results were immediately 
translated into targeted training on sterilization 
and decontamination, as well as increased dis-
tribution of protected mattresses and training 
materials developed to help minimize child-to-
child nosocomial infection risks (Mossoko and 
Kombe 2022).
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3.1  A Starting Point: Clarify 
Research Questions and How 
Findings Will Be Used

For research to inform acute phases of the 
emergency, there should be a clear “line of 
sight” as to how evidence will be used and by 
whom. Research questions should be 
grounded in the realities of those involved, for 
example, policy makers, practitioners, or clini-
cians working in the response. The outcome 
of research should have clear benefit to these 
stakeholders, to patients, and/or to others in 
affected communities. One way to think about 
this is to consider the different pillars of 
response and their functions and the ways in 
which evidence can be used by people working 
in these pillars. For example, those working to 
improve infection prevention and control 
would see value in understanding social and 
behavioral drivers of nosocomial infection. 
Those working in public health response 
would value understanding barriers and 
enablers for improved contact tracing. Ideally, 
questions should be formulated, prioritized, 
and adjusted to circumstances and cultural 
norms in collaborations with end users and 
decision makers to ensure results will be 
applied. Purely theoretical questions and 
those driven by academic self-interest are 
unlikely to produce useful short-term results 
and are, therefore, ethically dubious when 
resources are scarce.

There are some broad common areas of 
questioning that surface repeatedly at the start 
of new disease outbreaks. These include, 
among others:

 5 How do affected communities understand 
the outbreak? How do they perceive their 
risk of becoming infected? How does their 
perception of risk influence the choices 
they make in preventing infection and 
transmission?

 5 What social practices or behaviors might 
be driving, preventing, or mitigating dis-
ease transmission?

 5 How is the outbreak affecting people’s 
lives in aspects like access to services, 
socio-economic status, health, gender- 
based violence, etc.?

 5 How, when, and where do people seek care 
and treatment when unwell? What stands 
in the way of people seeking or accessing 
care when unwell?

 5 How, when, and where do people seek 
access to essential health services, such as 
those for sexual and reproductive health, 
maternal and child health, or non- 
communicable diseases?

 5 How do inequalities, inequities, gover-
nance, and power structures influence the 
behavior of affected populations? How 
can understanding these dynamics drive 
inclusive, equitable response policies and 
practices? (Carter et al. 2020)

At the start of the COVID-19 pandemic, for 
the first time in a global health crisis, world 
leading experts rapidly convened to forge con-
sensus on priority evidence gaps to inform 
response (WHO 2020a). The COVID-19 
Research Roadmap included three urgent pri-
ority areas for evidence from social and behav-
ioral sciences to inform the acute phase of the 
pandemic:
 1. Evidence to drive feasible, relevant, and 

acceptable policies that enable uptake of, 
and adherence to public health and social 
measures1 (PHSM) for COVID-19 preven-
tion and control

 2. Evidence to drive patient- centered care in 
clinical and community settings and pro-
tect health workers

 3. Evidence to promote risk communication 
that is informed by science and able to 
reach intended audiences, and that coun-
ters misinformation and disinformation

1 PHSM include personal protective measures (e.g., 
physical distancing, avoiding crowded settings, hand 
hygiene, respiratory etiquette, mask-wearing); envi-
ronmental measures (e.g., cleaning, disinfection, 
ventilation); surveillance and response measures 
(e.g., testing, genetic sequencing, contact tracing, 
isolation, and quarantine); physical distancing mea-
sures (e.g., regulating the number and flow of  people 
attending gatherings, maintaining distance in public 
or workplaces, domestic movement restrictions); 
and international travel-related measures.
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Further, this research agenda highlighted bio-
medical and social vulnerability and the dif-
ferential impacts of the pandemic on 
vulnerable groups. The research agenda was 
revisited and adjusted throughout the pan-
demic. However, these broad priorities 
remained relevant throughout the pandemic, 
and indicate key areas where social science 
research can contribute to effective response 
in new health emergencies.

New questions will arise during every out-
break in response to unforeseen events and 
knowledge gaps. For example, in 2015 during 
the Ebola epidemic in Liberia, anthropolo-
gists conducted a rapid assessment of 
community- based Ebola response efforts and 

documented factors that delayed care-seeking 
for EVD (Allen and Lacson 2015). 
Systematically collected feedback from com-
munities can help responders understand 
community needs, shape and adapt response 
approaches, and identify next steps for 
research (Baggio et  al. 2019). Researchers 
should also consider work others are doing, 
coordinate with them, minimize duplication, 
and share data and research outputs for 
mutual benefit. These steps will pay dividends 
in research outcomes: questions relevant to 
affected communities and responders are 
more likely to bring positive changes and have 
salience and value to these stakeholders and 
the communities themselves.

 Case Study 6

Social Sciences Analytics Cell (CASS) and the Integrated Analytics Cell (CAI)

The Cellule d’Analyse en Science Sociale 
(CASS) was established during the Ebola out-
break in eastern DRC in 2018–2020. This 
research unit was embedded in the national 
response structure and focused on supporting 
response teams with evidence and analytics to 
inform decision-making. A multi-disciplinary 
team drew from social epidemiology, epidemiol-
ogy, anthropology, social science, and health 
demography in their work. In March 2019 the 
Ministry of Health (MoH) Ebola Response 
Coordination Unit signed off  on terms of refer-
ence for CASS to operate as a support unit 
alongside the MoH Epidemiological Cell.

CASS was staffed by six international, four 
national, and 18 local researchers. It also 
included team members from WHO, Médecins 
Sans Frontières, and the U.S. Centers for Disease 
Control and Prevention (CDC). Under MoH, 
CASS included and coordinated with university 
and non- governmental organization (NGO) 
partners and researchers. All data were made 
freely available online as agreed with the MoH.

CASS identified operational research priori-
ties in the following four ways.
1. Regular analysis of key health behavior 

indicators, which can identify potential 
risks and improve understanding of the 
epidemiological situation. For example, 

analysis of the perceptions and prac-
tices of health workers has provided 
insights into nosocomial infections 
(7 Case Study 5) and identified correla-
tions between higher rates of nosoco-
mial infection and high-risk perceptions 
and behaviors.

2. Epidemiological data, such as changes 
in community death rates, changes in 
health seeking behaviors, etc. Social sci-
ence research questions were then devel-
oped to help explain the epidemiological 
situation and adapt response interven-
tions.

3. Response interventions: before or after 
specific response interventions and 
changes in interventions, CASS con-
ducted analyses to understand the 
impact and perceptions of the interven-
tion or change.

4. On request from response pillars and 
their programmatic data managers: to 
support any pillar to better understand 
the barriers to and enablers for response 
interventions, or to better explain data 
related to their program (e.g., health-
care worker behavior and nosocomial 
infection; barriers to willingness to par-
ticipate in safe and dignified burials).
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3.2  Have a Toolbox of Rapid 
Research Methods

Research methods define the tools, techniques, 
and approaches to answer a well-articulated 
research question. Qualitative and quantita-
tive methods differ in the questions they 
address, the way they collect data, and the 
form of the data collected, as well as in the 
data analysis tools they use (Mack et al. 2015). 
Social science research lends itself  particu-
larly well to qualitative research, producing 
rich, detailed insights into the values, beliefs, 
and behaviors of individuals, families, com-
munities, and populations. Quantitative and 
mixed methods are equally useful and widely 
used. Meaningful research often requires 
ample preparation and time for implementa-
tion, analysis, and dissemination, but rapid 
methodologies for urgent research have been 
developed. These methods are neither a short 
cut to results that would be obtained through 
longer-term methods nor an excuse for lower- 
quality research. Rather, rapid methods pro-
vide tools adapted for diverse situations to 
provide credible and trustworthy data for 
decision-making in an emergency.

Qualitative methods include participant 
observation, informant interviews, focus 
group discussions, participatory approaches, 
rapid assessments, and focused ethnographic 

work. New methods and tools, such as photo 
narratives and peer interviews, may also be of 
value. Knowledge, attitude, and behavior sur-
veys are the most common quantitative meth-
ods used in social science research. These 
kinds of surveys, conducted over time, pro-
vide insight into self-reported understanding, 
beliefs, risk perceptions, behaviors, and norms 
related to a wide range of preventative behav-
iors and how these change over time (Collis 
et al. 2022; Betsch et al. 2020). Mixed meth-
ods research takes advantage of the comple-
mentarity of differing methodologies, 
recognizing that some questions cannot be 
answered with qualitative or quantitative 
methods alone (Shorten and Smith 2017).

While interdisciplinary teams will be 
familiar with quantitative data, they may be 
less accustomed to using qualitative data. 
Criticisms of qualitative data include that the 
numbers of respondents are usually smaller 
than for large quantitative approaches, that 
the data captured are “anecdotal,” or that the 
data are not representative. These criticisms 
often reflect a misunderstanding of the nature 
and potential utility of qualitative data. 
Qualitative research does not ask for numbers 
(how many, how often, how many in box A 
and how many in box B) but asks how and 
why questions to provide rich, in-depth under-
standing of certain phenomena (Moser and 

Individual CASS studies had single page terms 
of reference (ToR) documents that had been 
approved by the MoH response coordination 
unit, usually within 24–48 h. The ToRs set out 
study objectives, methodology, and how antici-
pated results would inform the response. ToRs 
were prepared and where the study was con-
ducted and were reviewed with relevant stake-
holders before the study began. For example, a 
rapid study looking at questions on perceptions 
and trust in EVD treatment centers would be 
first shared with the teams running the centers. 
Such stakeholder consultation facilitated 
response pillar and coordination ownership of 
results and better use of evidence. All studies 
were conducted within 3  days to 3  weeks, 

depending on the question(s) and method(s) 
applied (Carter et al. 2021).

Following the 10th EVD outbreak, the 
CASS and Epidemiological Cell integrated 
approach was modeled (Carter et al. 2021) and, 
together with key partners and the MoH in the 
DRC, the CASS was converted into the 
Integrated Analytics Cell (CAI). This approach 
brought together social sciences, program data 
(including surveillance and epidemiological 
data), and health information systems data, as 
well as socio- economic, environmental, and 
other data sources to systematically support 
outbreak and public health emergencies (includ-
ing, to date, COVID-19, EVD, measles, malnu-
trition, plague, and cholera).
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Korstjens 2017). Observations of trends and 
the outcomes of quantitative methods, includ-
ing, for example, health services utilization 
data, household surveys, and surveillance 
data can inform key questions best addressed 
using qualitative methods. Conversely, obser-
vations arising in qualitative data, including 
interviews and focus group discussions, may 
give rise to questions that are best addressed 
using quantitative methods. A defining fea-
ture of social science research is the attention 
paid to social dimensions of disease transmis-
sion prevention and control, rather than the 
biological transmission of pathogens.

3.3  Planning and Conducting 
Field Work

It is good practice to document research plans 
in advance, ideally as a research protocol set-
ting out each step of the research. Protocols, 
even when they are not obligatory as they are 
in clinical research, improve quality, credibil-
ity, and transparency and can be helpful to 
other research groups trying to replicate a 
study during current or future outbreaks. 
Stand-alone research projects usually have a 
detailed protocol, which requires local ethics 
review board approval and sometimes other 
reviews and approvals before research can 
begin. Research rapidly conceived and con-
ducted as part of the response should ideally 
also document a project plan, although these 
are often brief. For example, 7 Case Study 5 
notes the single-page ToRs reviewed for each 
study.

Data collection must follow the context 
and realities of the emergency and the 
response. Principles of good participatory 
practice provide guidance for involving 
affected communities in research (7 Chap. 
18). This involves engaging and obtaining 
feedback from key stakeholder groups to 
ensure the research is designed in a way that is 
culturally acceptable in the context in which it 
will be conducted. Some practical suggestions 
include understanding the best places, times, 
and methods of communications for recruit-
ing research participants; offering propor-

tionate reimbursement (e.g., for travel or to 
compensate for any loss of earnings); coordi-
nating data collection with other response 
partners; and adjusting research tools to be 
flexible and mindful of participant burden. 
Local partners are practically indispensable 
for this kind of community engagement and 
sensitivity to cultural norms.

4  Making an Impact

Rapid operational research is designed to 
address key operational challenges or emerg-
ing issues. When planning research, it is 
important to think about who needs to know 
the results and how the results can be both 
useful to and useable by decision-makers. 
Knowing how to convey research findings to 
different audiences is an essential research 
skill that is often neglected in the formal train-
ing of research scientists but is essential if  the 
research is to be useful to adjust and align 
response actions (7 In Practice 32.1). This 
requires researchers to understand the struc-
ture of the response, including the roles of 
national, local, and community governance, 
the WHO Incident Management System, 
NGOs, partner governments, and other 
response participants. Essential communica-
tion must be tailored to key decision makers, 
and national or local officials, civilian or mili-
tary, will require different kinds of presenta-
tions than those running clinical research 
programs or emergency health response. All 
these stakeholders may need to be involved to 
interpret findings and co-develop recommen-
dations or follow-up actions. It is unethical to 
withhold findings that could shape a more 
community- appropriate or humane response.

Publishing the results of social science 
emergency research—after sharing with 
response partners and other stakeholders—is 
important both for knowledge generation and 
for disseminating methodological and opera-
tional lessons learned. There has been justi-
fied criticism of some researchers from 
high-income countries who “parachute” in to 
affected regions and then publish their 
research in an international journal without 
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involving or acknowledging in-country col-
laborators (Lancet Glob Health Int Advisory 
Board 2018). As in other disciplines, there 
should be an agreed publication policy and 
clear, fair criteria for authorship from the 
start.

5  Reflexivity: Being Aware 
of the Lens Through Which 
You Conceive and Conduct 
Research

Reflexivity is a core concept in some social sci-
ence disciplines (Hopf et  al. 2001). Briefly 
stated, reflexivity is the concept that who the 
researcher is and how the researcher interacts 
with research participants plays a role in how 
research findings are constructed. This means 
that social scientists often consider their find-
ings in relation to themselves as researchers 
and as human beings with their own social 
context, one that can be very different from 
that of the research participants. Therefore, 
researchers consider how their background, 
culture, religion, moral convictions, and 
assumptions influence what they see and how 
they interpret it. This analysis requires self- 
awareness, unpacking unconscious bias, and 
acknowledging and challenging preconcep-
tions and stereotypes about countries and 
communities. It also means recognizing one’s 
own limits, cultivating curiosity about what 
lies beyond those limits, humility about one’s 
own perspective, and listening to understand, 
not to confirm pre-existing ideas.

Reflexivity enhances credibility of research 
by acknowledging the potential for personal 
bias. When reporting the outcomes of 
 qualitative studies, it is good practice to 
include information about the researchers and 
their relationship with research participants 
(Tong et al. 2007) and to consider the impact 
of these factors on the research. Ways to mod-
erate potential cross-cultural bias include:

 5 Ensuring that all analyzed data are pre-
sented back to local research teams for 
feedback and consensus

 5 Coding data in teams and reviewing codes 
and coded data with local researchers

 5 Triangulating data with other studies and 
with community feedback

 5 Ensuring diversity in the composition of 
research teams

 5 Presenting research findings to other mem-
bers of response teams, such as govern-
ment workers, surveillance teams, or 
infection prevention and control teams

6  Ethics of Social Science Public 
Health Emergency Research

Researchers in all fields have a responsibility 
to ensure that their practice upholds accepted 
ethical principles (7 Chaps. 4 and 33, In 
Practice 33.2 and 33.3). As with other 
research disciplines working with human sub-
jects, ethical principles are foundational in 
the design and conduct of  social science 
research. Guidelines for ethical practice have 
been promulgated by WHO (2016b), 
Médecins Sans Frontières (Schopper et  al. 
2015) and the Council for International 
Organizations of  Medical Sciences (CIOMS 
2016). Seeking formal ethical clearance at 
(emergency) review boards provides some 
assurance for researchers and their partici-
pants that research plans meet ethical stan-
dards, but researchers remain responsible for 
ensuring their research is planned and imple-
mented ethically. This includes ensuring that

 5 Research questions have value for the 
response and affected communities

 5 Research participants are fully informed 
before deciding to participate in research

 5 Consent is obtained at all necessary levels
 5 The privacy of participants is respected
 5 All data collected are analyzed
 5 The outcome of research is effectively 

communicated to inform response 
decision- making

Some practical social science considerations 
of ethical research conduct during a public 
health emergency response follow.
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6.1  Community Entry

Communities or individuals in the midst of a 
disease outbreak may be vulnerable on many 
levels— physically, mentally, emotionally, and 
economically (Zafar et  al. 2016; IASC 
Reference Group on Mental Health and 
Psychosocial Support in Emergency Settings 
2015; WHO 2016a). Gaining their trust may 
be difficult but remains imperative (7 Chaps. 
18 and 30) (Stellmach et al. 2018). Especially 
in emergencies, interviewers must consider 
possible harm to human subjects. For exam-
ple, it may be wise to avoid large focus group 
discussions that could lead to disease trans-
mission, potential intracommunity violence, 
or community disapproval. Researchers 
should proactively seek locally relevant infor-
mation regarding referral response procedures 
if  they witness or suspect coercion or abuse. 
They should also be ready to signpost local 
services or NGOs if  participants ask for sup-
port. Psychosocial and protection teams 
trained all researchers working in CASS, for 
example, on referral mechanisms and path-
ways for managing serious incidents. 
Researchers should also look beyond local 
experts and gatekeepers in communities to 
engage with marginalized groups where 
appropriate. However, in an emergency 
response, where rapid assessment is a neces-
sity, community access and trust among mar-
ginalized groups is often challenging.

6.2  Informed Consent

From the perspective of social sciences, adap-
tations to consent processes that account for 
contextual realities are both appropriate and 
desirable. For example, while in Western med-
ical practice the ethical principle of individual 
autonomy is considered of primary impor-
tance, in other contexts the individual may 
take second place to the family or community. 
This does not mean that individual informed 
consent need not be obtained, but that con-
sent is understood as a broader construct that 
includes social partners, such as family or 
community (Appiah 2020).

One practical example that demonstrates 
how informed consent processes can be 
adapted to include both individual and com-
munity consent is as follows: In clinical 
research projects on malaria in Mali, novel 
approaches for obtaining informed consent 
were developed by getting the permission of 
both the community and the individual fami-
lies taking part in the research. Challenges 
with documenting consent arose, since written 
documents could prevent illiterate people 
from taking part. In this project, many par-
ticipants were opposed to signing a document 
because they believed that their word should 
be sufficient. The study lead emphasized “how 
different the informed consent process needs 
to be in different places in the world” (Doumbo 
2005). These clinical studies were not con-
ducted in emergencies, but they offer an 
insight into how the consent processes can be 
adapted.

The following examples relate to appropri-
ateness of spoken rather than written consent. 
In Bangladesh, particularly in very poor areas 
and urban informal settlements, many poten-
tial research participants are illiterate and 
may be afraid to sign documentation, fearing 
that they are signing away rights (i.e., land, 
home, access to services). To record consent, 
the researcher signs and notes a verbal con-
sent, which is documented for the record. 
Voice recording was considered by research 
teams; however, feedback from local commu-
nities was that this was also not acceptable, 
particularly if  they are sharing views about 
the health service, weak governance, or viola-
tions of rights. Following the liberation of 
Mosul from the Islamic State in Iraq and 
Syria in 2017, household surveys were con-
ducted to understand community reconstruc-
tion and reconciliation needs. However, any 
documentation of participation in the study 
was not trusted, many reporting that provid-
ing a name felt like a death sentence (Lafta 
et al. 2018). Taking notes and filling in forms 
or recording, especially when not in the local 
language, can be confusing and may seem to 
conflict with assurances of confidentiality, as 
some may wonder why something confidential 
is being documented and for whom. This lat-
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ter example illustrates how researchers work-
ing in complex humanitarian crises must be 
prepared to work without paper and pens 
and, rather, listen and document notes follow-
ing discussions.

6.3  Incentives and Reimbursement

Especially in resource-poor settings, study 
participants appreciate incentives and reim-
bursements. However, overly generous pay-
ments can become undue inducements to 
participate in research (Bentley and Thacker 
2004), thus increasing inequity, or at least the 
perception of inequity, in the research pro-
cess. This can also create conflict within com-
munities when some people are selected and 
receive gifts, money, and incentives in kind 
(Rashid 2007). It is important “to add value 
to the lives of the people” who participate in 
research, “recognizing them as subjects in the 
process and not simply as sources of data” 
(Pittaway et  al. 2010). At the same time, 
researchers must be sensitive to the local, 
social, and moral worlds participants inhabit. 
Just as the boundary between reasonable and 
excessive compensation is uncertain, so is that 
between researcher and community, insider 
versus outsider, academic versus applied 
research, professional versus personal. One 
must take care to understand one’s own posi-
tion in any interaction (Dilger et al. 2015).

The critical question of the unpaid burden 
on study participants also arises. Researchers 
often request that participants be available 
during the researcher’s time availability, which 
are working hours for many participants. In 
low and middle-income countries (LMICs), 
many people work in informal settings and 
earn nothing if  they miss working hours, so 
study participation may mean loss of income 
for people whose economic status is already 
marginal. The CASS/CAI researchers in the 
DRC would meet women where they were, at 
6:00  AM before church, or after church at 
water collection points. Focus groups could 
thus be organized easily among women with-
out interfering with their daily activities. 
Other options that CASS/CAI researchers 
used were to bring food and/or provide sup-

port with meal preparation to free time for 
women to participate in interviews of focus 
groups. The best approaches (time, location, 
method) for data collection should be identi-
fied together with local research teams and 
remain flexible based on the community group 
or individuals.

6.4  Ethical Review Boards 
and Processes

Much rapid social science research has been 
conducted during health emergencies without 
prior approval from ethical review boards 
(7 Chap. 33). While procedures vary across 
time and place, some types of rapid research 
conducted as a part of response may be viewed 
as exempt from the formal processes expected 
of more academic health-related research. 
Despite possible reservations about this prag-
matic approach, it is important to be critically 
reflective about the messy realities in which 
one conducts research. Ethical review board 
processes do not always take into account the 
“larger moral and human dimensions of the 
political and economic structures” in which 
people live (Bourgois 1990). Researchers need 
to be flexible and responsive and tolerate dif-
ferent approaches to practice. In the field, 
issues can arise unexpectedly; for example, a 
violent encounter may be sparked by certain 
questions, or the sudden eviction of an infor-
mal settlement. Research training needs to 
emphasize the role of researchers in such cir-
cumstances, including their own actions, 
power, and position (Rashid 2007). It is not 
the narrow definitions of ethical protocols, 
which may not speak to the complexity of the 
crisis, that are foundational, but the wisdom 
and judgment to keep the ethical principles to 
the forefront. Local ownership of the research 
is crucial to practical ethics: protocols written 
for high-income countries may fit poorly with 
the community where research is being con-
ducted; written informed consent may be 
inappropriate, for example, if  one is investigat-
ing sexual abuse and violence in a patriarchal 
society or a conflict- ridden place. It should be 
noted here that clinical research to assess med-
ical interventions, with its inherent uncertain-
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ties and potential risks to bodily integrity, 
always requires rigorous ethical review, as 
specified in generally accepted guidelines like 
Good Clinical Practice and the Declaration of 
Helsinki (ICH 2016; WMA 2013).

7  Getting the Best Results 
from Social Science Research 
in the Field

7.1  Choose the Right Social 
Science and the Right Social 
Scientist

Social science is an exceptionally wide field 
encompassing multiple professions, but one 
dividing line, often within separate disciplines 
and even within individual scientists’ careers, 
is theoretical vs applied. While theoretical 
social scientists primarily try to understand 
and explain social processes, applied social sci-
entists use concepts, theories, and practical 
experience to resolve problems in the real 
world or to critically reflect on and adapt the 
application of social science.

Social science expertise may be central 
both to an infectious disease emergency 
response considered generally and to the 
research element of the response, especially 
when the social realities and cultural mean-
ings of health, disease, birth, life, and death 
need to be understood. When seeking a social 
scientist for a response team, finding the right 
one is important. This will generally be some-
one working in applied social science who

 5 Has worked with and understands the pro-
fessional language of interdisciplinary 
teams that include epidemiologists and 
infectious disease experts

 5 Has performed research in a similar 
response

 5 Knows how to act in a health emergency
 5 Is familiar with rapid research methods
 5 Can think flexibly and adapt research 

methods without sacrificing rigor
 5 Knows how to work with other disciplines 

to communicate outside their own field 
and to the public

 5 Has experience of the affected geographic 
region and is sensitive to local cultures, 
contexts, and the heterogeneity of commu-
nities

Social scientists with a background in out-
break or public health response programs 
may be more easily placed to support response 
teams turning evidence into action. In the 
case of CASS/CAI, all researchers hired are 
expected to have had some emergency 
response experience, to “speak” the language 
of programs, and to propose actions based on 
evidence produced.

Social scientists trained in different disci-
plines bring different perspectives and have 
different skill sets. To identify the best fit for a 
research team, it is important to consider the 
information needs of the response. For exam-
ple, ethnographers and anthropologists con-
tributed to the surveillance team investigation 
during the 2021 EVD outbreak in Guinea. 
They were able to map family trees to better 
understand transmission chains. Expertise in 
epidemiology and health communication may 
be needed when investigating a population’s 
knowledge of disease transmission in order to 
develop communication strategies. 
Researchers with experience in large scale sur-
veys and using corresponding software (SPSS2 
or equivalents) may be well suited to analyze 
data of this kind.

7.2  Understanding Social Science 
Data and Approaches: 
Strengths and Limits

How and why questions are usually complex. 
It may be challenging for social scientists to 
articulate this complexity in emergencies 
when time is a rare resource. They may face 
difficulties being heard when meetings need 
to be short, and all response pillars must 
present their data, which in most cases is 
quantitative. More than their colleagues, 
social scientists must be able to articulate 

2 A widely used software program for statistical anal-
ysis in the social sciences.
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their contributions clearly, without using 
social science jargon, and reduce complexity 
without being simplistic. A social scientist 
with a 5-min slot at the end of  a coordination 
meeting may feel disadvantaged vis-à-vis col-
leagues presenting surveillance, epidemio-
logical, statistical, or biomedical data. Strong 
narratives usually resonate with an audience, 
because they provide real stories and experi-
ence from the field and lived experience, add-
ing a more nuanced perspective than that 
conveyed by numbers. When and where pos-
sible, it is very useful to coach and work with 
researchers in response coordination roles to 
help them better understand how social sci-
ence data contributes to decision-making. 
CASS started this process during the 10th 
DRC EVD outbreak in 2018 with the MoH; 
3  years later, the MoH absorbed the CASS 
into their CAI. In the four subsequent EVD 
outbreaks, integrated social sciences data has 

not only been included but has been requested 
and expected to guide response strategy.

Leaders and managers of response teams 
need to understand what social science 
researchers can bring to the table, support 
their activities, and give them a voice in the 
team and time to present their findings. Make 
time and space for critical perspectives and for 
discussion of innovative methodology. 
Anthropologists involved in the 2014–2016 
West Africa Ebola epidemic took on vital 
roles in adapting essential public health inter-
ventions to local cultural norms even while 
facing questions about their legitimacy vis-à- 
vis communities, other responders who viewed 
themselves as “firefighters,” and even col-
leagues in academia. While these anthropolo-
gists were able to conduct their research and 
draw on anthropological knowledge to inform 
the response, questions were also raised about 
the legitimacy of such roles (Lees et al. 2020).

 Case Study 7

Voice from the Field: Ask the Right Questions, Collect the Right Data to Guide Response

Operational challenge: A key goal of an EVD 
response is to encourage those experiencing 
symptoms to seek care as early as possible, in 
part to stem further transmission in the commu-
nity. During the first 6 months of the 10th EVD 
outbreak in the DRC, delays in treatment seek-
ing (time between symptom onset and seeking 
care at a facility where an EVD alert could be 
raised) were 5–7 days or more, thereby increas-
ing the risk that even if  EVD was detected and 
patients received care, their chances of recovery 
would fall even as they (potentially) spread the 
disease. Preliminary community surveys sought 
to find out if  community members could list 
three EVD symptoms, which over 90% of 
respondents were able to do. The survey also 
included the question, “If  you believe you had 
Ebola, would you seek care?” Over 80% of 
respondents said they would. This discrepancy 
between data captured in community surveys 
and clinical data from EVD patients related to 
care seeking was difficult to interpret. Those 
leading the response were confused and accused 
communities of being resistant to seeking care. 

They also criticized the quality of the survey 
data, hypothesizing that respondents said they 
would seek care because of their perception that 
this was the “right” or socially desirable answer, 
rather than reporting their own inclinations.
Research: CASS worked with clinical teams to 
develop better surveys by looking at health 
behavior and specific knowledge required to 
improve the chances that infected people would 
seek health care. These surveys asked communi-
ties which symptoms would induce them to seek 
care and after how many days. They also asked 
respondents to list all the EVD symptoms they 
knew about. The results were compared with 
biomedical data provided by clinical teams on 
the most commonly presented EVD symptoms 
among patients.

Outcome: Survey results highlighted that 
the most common symptoms (e.g., body aches 
and pains, low fever) were not known to be 
EVD symptoms and, therefore, did not result 
in healthcare seeking. Rather, the EVD symp-
toms (bleeding, vomiting, and high fever) pre-
sented on posters around the communities 
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7.3  Employ the Right Social 
Scientists in Time

In all health emergencies, human behavior is 
crucial for the success or failure of a response. 
It is important to assess how behavior is 
driven by cultural, social, economic, and 
structural circumstances, and to look at how 
and why the background and circumstances 
lead to observed behaviors. This assessment 
must take place with the affected communi-
ties, in the form of community participation 
or community engagement (Bedson and 
Abramowitz 2018; WHO 2017; Burtscher 
2013). For global medical research, “research-
ers need to develop an understanding of the 
unique ways in which different cultural groups 
make decisions” (Doumbo 2005). As with 
many other aspects of response, preparedness 
pays off, and it is useful to employ social sci-
entists before problems arise, i.e., before com-
munity “resistance” (Cohn and Kutalek 2016; 
Anoko 2014; Fairhead 2016) or vaccine hesi-
tancy or refusal derail response plans (Sobo 
2015). Usually there are several factors 
involved and a social logic that influences 
community response to external support, 
researchers, and interventions. All too often 
pervasive mistrust and suspicion about the 
motives and actions of perceived authority 
figures play a central role, by no means in 
developing countries alone, but in  high- income 
setting as well (Nguyen 2019; Viswanath et al. 
2021). Trust, rapport, and engaging commu-
nities in these discussions early helps research-
ers get their research questions right. Social 
scientists can draw from the lessons of previ-
ous outbreaks and provide useful material for 
a variety of research contexts, especially when 
they co-design their research with implement-
ers, fieldworkers, and communities (Islam 
et al. 2013). Social scientists are critical to suc-
cessful research in health emergencies because 

they have valuable perspectives to share and 
important data to contribute (Giles- Vernick 
et al. 2019).

8  Conclusions

Just as clinical research was not fully accepted 
as a core part of the response to public health 
emergencies until fairly recently, the vital role 
of social science research has not always been 
understood and accepted (Lees et  al. 2020). 
Emergency research response is conducted in 
a human context, among people whose under-
standing and reactions may be quite different 
from those of the medical scientists planning 
and implementing a research program. Aside 
from being transparent, ethical, and method-
ologically rigorous, research, and especially 
public communications about research, must 
be in a form that is acceptable to the commu-
nity where it takes place. The urgency of 
bringing evidence and analytics to inform 
response operations means that social science 
research, like public health and clinical 
research, should also be rapidly conducted.

As the emerging field of social science 
emergency response research develops, what 
methodological rigor in rapid research 
response means in practice is becoming 
clearer. Research questions must follow a 
clear logic to align with the goals of account-
able and community-based outbreak response, 
as well as the cultural context in which they 
are asked. Questions should address what 
responders need to know to deliver a 
community- centered and effective response, 
rather than what would be interesting to know 
from an academic research perspective. 
Research design, delivery, and dissemination 
should be less top-down in approach and 
include co-development with multiple stake-
holders, including local and operational part-

were cited as reasons for seeking treatment. 
Following these studies, all communication 
materials were adapted to better present the 
more common, less severe EVD symptoms and 
to encourage people to get early treatment. 

Continued analysis of  delays to treatment seek-
ing eventually saw the delays drop from 5–7 to 
2–3  days (CASS 2019, 2020; Groupe de 
Recherche Sciences Sociales (GRSS), 
2019–2020, unpublished).
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ners. Collaboration with the community is not 
only a practical necessity during an emergency 
response but an increasingly recognized ethi-
cal imperative (7 Chap. 18). Research meth-
ods can and should adapt to the local contexts 
where emergencies occur, but methodological 
transparency and rigor are still essential to 
credibility, particularly when research results 
will inform high-level strategic decision- 
making. Finally, while we have focused on 
social science research in this chapter, it is 
important to note that not everything can be 
solved with research. Being aware of the limits 
of social science is as important as champion-
ing its contributions.

? Discussion Questions
 1. Human needs and realities are often 

highly dynamic and localized: what 
worked last year may not be successful 
now, and what is effective in one com-
munity will not necessarily work in the 
next one down the road. Provide some 
examples of  how evidence from social 
science can help tackle operational 
challenges and inform emergency 
responses.

 2. Who is responsible for ensuring that 
social science research informs a public 
health emergency response?

 3. Although new questions will arise in 
response to emerging events and 
knowledge gaps, what are some com-
mon, practical questions social science 
researchers might ask at the start of  an 
infectious disease outbreak? What 
tools can researchers use to rapidly 
answer some of  these questions?

 4. Explain the concept of  reflexivity and 
how understanding the concept can 
enhance credibility.

 5. Applied social scientists use concepts, 
theories, and practical experience to 
resolve real world problems, such as 
understanding the social realities and 
cultural meanings of  health and dis-
ease during an infectious disease emer-
gency. Discuss the background and 
expertise needed for a social scientist 
to become a valuable member of  a 
response team.

 6. A social scientist’s assessment of  how 
human behavior is driven by cultural, 
social, economic, and structural cir-
cumstances may be crucial to the suc-
cess of  an emergency response. Discuss 
what such assessments can contribute 
and some of  the limits of  social science 
input.
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VI

Governance, 
Institutions, and 
Partnerships
Nicole Lurie  

Oveview of Book Section VI: Global governance is a puzzlement in a 
political world based on nation- states. In a few areas, say posts 
and telecommunications, there are effective, binding global stan-
dards. Infectious diseases are an inherently global issue, but truly 
global infectious disease response remains elusive.

Nicole Lurie and Gerald T. Keusch (7 Chap. 27) propose a possible 
framework for improving global health emergency response, 
especially to ensure that research to develop, assess, produce, and 
distribute medical countermeasures can begin expeditiously, 
accompanied by outreach to public audiences to convey under-
standing and minimize suspicion and misinformation. Building 
better research capacity to detect and respond to novel patho-
gens, along with support for more consistent resources, coordina-
tion, and governance should become an ongoing project for 
nation-states and the global community in interpandemic peri-
ods.

Muhammad Ali Pate and Sulzhan Bali (7 Chap. 28) examine how 
International Financial Institutions support preparedness through 
initiatives by the World Bank and others to provide financing and 
incentives to strengthen disease response systems and bolster 
core capacity, benefiting both national health systems and clinical 
research capacity. Amanda Rojek and Gail Carson (7 Chap. 29) 
articulate the benefits of global collaborative organizations for 
research response to public health emergencies, discuss stum-
bling blocks that limit collaboration, and propose measures to 
better prepare and implement international collaboration in 
future outbreaks.
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Yazdan Yazdanpanah et al. (7 Chap. 30) draw lessons about health 
research partnerships from their crisis experience, including the 
importance of common goals, mutually respectful relationships, 
and combining complementary strengths into strong, functional 
whole. Rebecca F.  Grais and Emmanuel Baron (7 In Focus 30.1) 
note the research efforts of medical humanitarian NGOs like Méde-
cins Sans Frontières (MSF), and how they contribute to medical 
research by integrating research into their patient-centered 
response to infectious disease emergencies. Finally, Chuen-Yen 
Lau et  al. (7 In Practice 30.2) describe the contributions a long-
running research partnership between the Indonesia Ministry of 
Health and the U.S. National Institute of Allergy and Infectious 
 Diseases has made to Indonesian and U.S. readiness to respond to 
novel diseases.
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Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 Primary elements of the global research 
and development ecosystem for response to 
infectious disease.

 5 Opportunities to counter EID emergencies 
that have been missed because of weak-
nesses in response capabilities.

 5 How global infectious disease response 
could be made more equitable, given that
 – Sovereignty resides in nation-states 

which tend to put their own citizens first.
 – The wealthiest states generally have the 

greatest capacity to respond to infec-
tious disease emergencies.

 – It is far harder to mobilize resources for 
preparedness than for response.

1  Introduction

Over the last two decades a series of  infec-
tious disease public health emergencies has 
impelled scientists and governments around 
the world to study new pathogens and their 
clinical presentation, identify treatment 
alternatives, and develop approaches to their 
prevention or control—and to do so with the 
urgency befitting a crisis with many lives at 
stake. At the beginning of  the twenty-first 
century research was not viewed as an essen-
tial element of  infectious disease response. 
As a result, the inclusion of  research as an 
integral component of  response to public 
health emergencies has lagged far behind 
global recognition of  the threat of  newly 
identified infectious diseases. The advent of 
severe acute respiratory syndrome (SARS) in 
2002 was a call to action for strengthening 
global surveillance and early warning sys-
tems, but the felt urgency for research on 
medical countermeasures (MCMs) rapidly 
waned when public health measures stopped 
the outbreak before new therapies or vac-
cines could be developed and tested (Brim 
and Wenham 2019). When the H1N1 influ-
enza pandemic began in 2009 (7 Chap. 30), 
improved global surveillance systems allowed 
it to be detected relatively quickly. Seasonal 
influenza vaccines were rapidly adapted to 

include the new pandemic strain, although 
emergency vaccine deployment was too late 
to blunt the peak of  the pandemic’s trajec-
tory (Fineberg 2014).

There have been many missed opportuni-
ties in the past for research response to address 
other aspects of disease control (e.g., effec-
tiveness of school closures or use of masks) 
and improved diagnosis and treatment (e.g., 
unrecognized superinfection with Methicillin- 
resistant Staphylococcus aureus, a major cause 
of death in children) (Long et al. 2010). The 
slow global production and inequitable distri-
bution of H1N1 influenza vaccines around 
the world and the limited willingness by devel-
oped nations to make some of their supply 
quickly available to other countries, whether 
through the World Health Organization 
(WHO) or bilateral arrangements, limited the 
overall impact these vaccines could have pro-
duced. The disparity was amplified by both 
legal liability issues and vaccine hesitancy, 
which was more pronounced in historically 
underserved populations. This contributed to 
global as well as domestic inequalities in 
H1N1 influenza vaccine uptake (Mesch and 
Schwirian 2015), problems that reappeared 
during the coronavirus disease 2019 
(COVID- 19) pandemic as stumbling blocks 
for effective vaccine distribution (Halabi et al. 
2020).

The 2014–2016 Ebola outbreak in West 
Africa (7 Chap. 30) brought with it a new 
series of challenges and missed opportunities 
to improve the research response (Rojek and 
Horby 2017). As the disease spiraled out of 
control, scientists struggled to develop new 
types of rapid diagnostic tests for use in aus-
tere environments, and to design and test novel 
therapeutics, repurposed older drugs, and vac-
cines. A slow start, disagreements on study 
designs, a dearth of clinical research- ready 
sites, and the limited power of clinical trials to 
document efficacy as Ebola case numbers 
began to wane all led to a slow start for 
research during that outbreak. Inadequate 
preparedness, financing, and governance for 
conducting research in an emergency were 
related to the low priority global health and 
emergency response communities assigned to 
clinical research. This can be clearly seen in the 
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exclusion of research from initiatives to 
improve global health security and infectious 
disease response, such as the Global Health 
Security Agenda, which held its first ministe-
rial meeting in 2014 as the Ebola outbreak was 
becoming the center of worldwide attention.

There was considerable skepticism at that 
time that clinical research could produce 
results in a fast-moving epidemic and contro-
versy over conducting randomly controlled 
trials when patient mortality was near 50%. 
There was also resistance in the humanitarian 
response community to adding research to the 
extraordinary burden of patient care in full 
personal protective gear in the tropics, or even 
allowing others to get in the way of patient 
care to do their research (Adebamowo et al. 
2014; Levine 2016). A report from the 
U.S.  National Academies of Science, 
Engineering, and Medicine (NASEM 2017) 
made a series of important recommendations 
aimed at preventing similar research response 
problems from occurring again. These were 
reinforced by reports from multiple other 
groups around the world with recommenda-
tions addressing preparedness, governance, 

and financing to control outbreaks of emerg-
ing infectious diseases. Unfortunately, many 
of these recommendations still had not been 
adequately implemented when the COVID-19 
pandemic began, 5 years after the Ebola out-
break was over.

As depicted in . Fig. 1, the global research 
and development (R&D) ecosystem, with its 
multiple actors interacting in a constantly 
changing environment, was continuously 
evolving during the decade before the 
COVID- 19 pandemic emerged (Lurie et  al. 
2021). In 2010, the pharmaceutical industry 
was seeking new models of partnership to 
accelerate translation of scientific discoveries 
into treatments that would benefit popula-
tions and create markets. By 2020, a rich net-
work of collaborations between traditional 
competitors in private-sector companies, gov-
ernments, and academia had emerged to help 
expedite the development and delivery of new 
products, with much of the initial effort 
focused on chronic disease and on cancer.

The Ebola outbreak of 2014–2016 in West 
Africa was a major impetus for change in the 
approach towards research in the midst of an 

       . Fig. 1 Elements of  the biomedical R&D ecosystem (Lurie et al. 2021)
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EID emergency. When it began there were two 
Ebola vaccine candidates available to move 
quickly into clinical trials (Kennedy et  al. 
2017). Both vaccine candidates began trials in 
Liberia in early 2015, supported by the U.S. 
National Institute of Allergy and Infectious 
Diseases (NIAID) in partnership with the 
Liberian Ministry of Health, but transmis-
sion of the Ebola virus was already dropping 
below the numbers needed to gather interpre-
table data for Phase III results because basic 
public health measures to prevent exposure 
had been put into place. A further trial, using 
a ring strategy akin to that used in smallpox 
eradication, was undertaken in Guinea 
(Henao-Restrepo et al. 2017). Lessons learned 
during the West Africa trials were then applied 
during the substantial Ebola outbreak in the 
Democratic Republic of the Congo in 
2018–2020, allowing rapid initiation of vac-
cine delivery together with a system for data 
collection, which further demonstrated the 
vaccine’s efficacy and provided additional evi-
dence of its safety, consistent with the sugges-
tive findings previously obtained in West 
Africa. This new work facilitated ultimate 
licensure of one of the vaccines 18 years after 
development started and 5 years after the out-
break in which clinical trials began (Wolf 
et al. 2021). This success reinforces the notion 
that the first step to promote improvements in 
the global pandemic preparedness and 
response system is to both learn from the past 
and apply those lessons to the future.

2  Learning from Experience: 
Adaptations and Creativity 
in Global Research Response 
to Epidemics

Vowing that the world should learn from prior 
shortcomings, and in collaboration with mul-
tiple experts around the globe, in 2016 the 
WHO created its R&D Blueprint to reorga-
nize how it would prepare and respond to pan-
demic threats (WHO 2016). It was envisioned 
as a global coordination mechanism that 
would “reduce the time between the declara-
tion of a public health emergency of interna-

tional concern and the availability of effective 
tests, vaccines, and medicines that can be used 
to save lives and avert crisis,” both by improv-
ing preparedness for such events and improv-
ing global coordination of emergency research 
response (WHO 2016). As the WHO argued in 
its prospectus for the R&D Blueprint, “the 
Ebola epidemic has demonstrated that it is 
possible to accelerate R&D during emergen-
cies and that it is feasible to safely and effec-
tively implement research interventions in 
affected countries. It also highlighted the 
imperative to advance R&D preparedness and 
effective collaboration frameworks ahead of 
any new epidemic” (WHO 2016). The R&D 
Blueprint also aimed to increase support and 
capacity for necessary research, including clin-
ical research capacity and clinical trials of new 
MCMs. This provided motivation for global 
partners to consider research capacity as part 
of their development efforts and pandemic 
preparedness planning, and to push the devel-
opment, testing, and ultimate availability of 
these products to move more rapidly through 
the R&D process. Innovative ideas included 
the identification of priority pathogens for 
countermeasure development efforts—and 
flexible platform strategies adaptable to what-
ever pathogen was subsequently involved in an 
outbreak of concern—that could be devel-
oped during an interepidemic period, and 
crafting approaches to coordinate multiple 
aspects of clinical research before and in the 
course of an outbreak. One result of energized 
new thinking was the establishment of the 
Coalition for Epidemic Preparedness 
Innovations (CEPI) in 2017, with the mission 
of facilitating development of vaccines for 
potentially epidemic pathogens (Ingstad 
Sandberg et al. 2020).

The COVID-19 pandemic has led to 
increasing interest in creating a new global 
health security or pandemic preparedness 
convention or equivalent binding instrument, 
together with governance reforms that would 
make global action, including research, more 
responsive and effective (Gostin et al. 2021). 
Based on the limited success of the only recent 
stand-alone treaty related to health, the 
Framework Convention on Tobacco Control, 
which went into effect in 2005, not only will 
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this require a major effort to enact, but its 
effectiveness cannot be assured without the 
full support and compliance of all states that 
have joined with the spirit as well as the letter 
of the document.

With regard to effective research response, 
it should be axiomatic that research cannot 
proceed without trained researchers 
(7 Chap. 42), prepared clinical research net-
works (7 Chap. 31), well-equipped labora-
tory (7 Chap. 9) and clinical research facilities 
(7 Chap. 40), information technology exper-
tise and equipment (7 Chap. 34), and a com-
petent administrative system (7 Chap. 32) to 
support the research enterprise across all of 
its necessary domains: from scientific and eth-
ical review of proposals (7 Chap. 5), data 
management capacities (7 Chap. 35), train-
ing of researchers and staff, experience in 
compliance with international standards in 
the conduct of clinical research, expertise in 
pharmacovigilance (7 Chap. 36), appropriate 
oversight of biosafety and biosecurity 
(7 Chap. 41), and strong linkages to the 
health and public health needs of the country 
(7 Chap. 18).

In the face of numerous, unfulfilled recom-
mendations concerning how the world should 
improve its ability to address future outbreaks, 
WHO and the World Bank created an inde-
pendent Global Preparedness Monitoring 
Board (GPMB) to monitor and advocate for 
their implementation. In its first annual report 
in September 2019, the GPMB noted that 
many recommendations following the 2009 
H1N1 influenza and 2014 Ebola pandemics 
had been “poorly implemented, or not imple-
mented at all, and serious gaps persist … [and] 
for too long, we have allowed a cycle of panic 
and neglect when it comes to pandemics: we 
ramp up efforts when there is a serious threat, 
then quickly forget about them when the 
threat subsides. It is well past time to act” 
(GPMB 2019). The need to improve the R&D 
ecosystem for pandemics was a major theme 
of the report, but the most specific proposal 
was for “donors, countries and multilateral 
institutions to develop a multiyear plan and 
approach for strengthening R&D research 
capacity, in advance of and during an epi-
demic” by September 2020.

One year later, nine months into the 
COVID- 19 pandemic, GPMB observed in its 
second annual report that “while progress on 
the coordination of R&D has been made dur-
ing the pandemic, this progress is fragile” 
(GPMB 2020). Operating within a political 
context for global action as GPMB does, the 
second report called on “Researchers, research 
institutions, research funders, the private sec-
tor, governments, the World Health 
Organization and international organizations 
[to] improve coordination and support for 
research and development in health emergen-
cies and establish a sustainable mechanism to 
ensure rapid development, early availability, 
effective and equitable access to novel vac-
cines, therapeutics, diagnostics and non- 
pharmaceutical interventions for health 
emergencies, including capacity for testing, 
scaled manufacturing and distribution.” This 
was an important call to action, which in con-
text challenges the research community itself  
to identify the continuing gaps in the research 
response ecosystem and propose milestones 
for the conduct of R&D, and on governments 
and international organizations to establish a 
suitable enabling mechanism alongside the 
leadership of the health and public health sys-
tems, both nationally and internationally. 
Like many components of the R&D ecosys-
tem for potential pandemic diseases, particu-
larly those for which there are few or no safe, 
effective, and approved countermeasures, 
bold action is essential to catalyze progress on 
development, production, distribution, access, 
affordability, and delivery of countermeasures 
to people everywhere.

Fortunately, there has been improvement 
in at least some aspects of the global R&D 
architecture. For example, when a large Lassa 
fever virus outbreak erupted in 2018  in 
Nigeria, WHO and the government of Nigeria 
co- convened a group to identify research pri-
orities for managing it. The outbreak was 
controlled before it spread widely, but new 
observational research improved understand-
ing of the epidemiology of Lassa fever virus 
as a disease primarily transmitted by rodents, 
with relevance to future control of the disease 
(Siddle et  al. 2018). There were failures as 
well; for example, ribavirin, an expensive anti-
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viral of questionable efficacy in the treatment 
of Lassa fever, was administered to the vast 
majority of patients, wherever available, with-
out any rigorous studies having been done to 
assess its effectiveness because there was no 
pre-agreed methodology for such studies. In 
part this was because of widespread resistance 
to conducting a placebo-controlled trial dur-
ing an emergency, even though many global 
actors had reached a broad ethical consensus 
that such trials are in fact essential at the time 
of the West Africa Ebola outbreak (London 
et  al. 2018; Salam et  al. 2021). CEPI had 
already begun to support the development of 
a Lassa vaccine, but there were no candidate 
products sufficiently advanced for trials dur-
ing this outbreak. Nonetheless, the outbreak 
and attention to a research agenda facilitated 
the identification of a set of research activities 
needed to support the ultimate development 
of countermeasures (Hatchett and Lurie 
2019).

Another post-Ebola innovation was the 
launch of the WHO Health Emergencies 
Program, incorporating research as an essen-
tial component of its command structure 
(Council on Foreign Relations 2020; 
Independent Panel for Pandemic Preparedness 
and Response 2021). The new leadership and 
structure to address health emergencies con-
tributed significantly to the improved perfor-
mance of WHO during the COVID-19 
pandemic, although opportunities for contin-
ued improvement abound (Boyd and Wilson 
2021; Kuznetsova 2020). It is worth noting 
that infectious disease emergencies are not the 
only crises for which research responses are 
required; environmental, climate, chemical, 
and nuclear emergencies also stand to benefit 
from improvements in research preparedness 
and response, global engagement, adequate 
resources, and informed leadership.

The conceptual shift to a preparedness 
R&D ecosystem in the decade preceding 
COVID-19 has already paid off  in important 
ways. Development of the messenger RNA 
(mRNA) vaccine platform, in part through 
research on the two novel coronavirus out-
breaks preceding the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2)—
SARS-CoV-1 and Middle East respiratory 

syndrome coronavirus (MERS-CoV)—and 
critical science preparedness activities led to 
an understanding of how to stabilize the pre-
fusion form of the spike protein and a proto-
type mRNA coronavirus vaccine potentially 
adaptable to any future emerging pandemic 
coronavirus (Corbett et  al. 2020). This is 
among the innovations that enabled the rapid 
development of safe and effective SARS- 
CoV- 2 vaccines. Similarly, other groups took 
up adaptation of both new and traditional 
technologies to “the new pathogen on the 
block” (Ura et  al. 2021). In short, prior 
insights and technology combined with the 
quick initiation of targeted preclinical 
research rapidly led directly to clinical trials 
and ultimately to regulatory approval 
(7 Chap. 6) via Emergency Use Authorizations 
of two mRNA vaccines in Europe and the 
United States and a viral vectored vaccine in 
Europe, less than a year after the outbreak 
was recognized. Further authorizations and 
in some cases full licensure of these and other 
vaccines have followed, as clinical trials have 
generated sufficient information for regula-
tory action.

On the other hand, the inability to produce 
COVID vaccines and other useful products at 
sufficient scale and the lack of commitment 
and financial resources to buy and distribute 
them everywhere needed, both efficiently and 
equitably, perpetuated profound global 
inequalities. The need for an end-to-end, truly 
global R&D preparedness and response eco-
system for emerging pandemic infectious dis-
eases, with their attendant social, economic, 
and political consequences, has been recog-
nized (Lurie et al. 2021). The issue remains, as 
always, how to translate lessons learned into 
enduring solutions.

In truth, by the time the COVID-19 pan-
demic took the world by storm in the early 
months of 2020, many of the key scientific ele-
ments required for an end-to-end approach to 
R&D were known (Higgs et al. 2017). Newer 
and more agile research coordination and sup-
port mechanisms were nominally in place, at 
least in the infectious disease arena. WHO 
and a coalition of national health research 
funding agencies around the world compris-
ing the Global Research Collaboration For 
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Infectious Disease Preparedness (GLOPID-R) 
convened a research agenda setting meeting 
six weeks after COVID-19 was recognized, 
defined key research requirements for the pan-
demic, and called on scientists around the 
world to join what has become an unprece-
dented example of scientific discovery and 
collaboration. Many of the gaps in the end-to-
end R&D ecosystem that have slowed or 
inhibited progress relate to a lack of clarity on 
roles and responsibilities for development of 
countermeasures and the inability to pre- 
position and rapidly fund researchers with the 
capability to conduct critical elements of the 
research response. Often the paucity of 
research resources in lower-income countries 
has left gaps in our understanding as well.

A 2020 report for the GPMB on the R&D 
preparedness ecosystem clearly identified the 
concern that “research” has often been con-
ceived too narrowly, and that a comprehen-
sive system is critically needed, beginning 
with MCM discovery and ending with the 
delivery of the right countermeasures to the 
right people at the right time, equitably, and 
in relation to global public health impact 
rather than economic and/or political power 
(Keusch and Lurie 2020). The ecosystem gaps 
have led to a haphazardly coordinated pan-
demic research response, one that was under-
funded in all but the wealthiest and most 
capable countries, which then prioritized the 
protection of their own populations, further 
exacerbating global inequality. Inadequate or 
inefficiently available financing, even when 
there was a will to act, has meant that organi-
zations in many affected countries have had 
to divert precious time and energy from 
research response as such to a constant 
scramble for funds and vaccine doses, leaving 
poorer nations at the end of the line when it 
comes to providing input into developing life-
saving measures and to much-delayed access 
to successful MCMs. Ongoing gaps in global 
research coordination and the lack of a pre-
established system of governance, particu-
larly with regard to clinical research 
coordination and design, have wasted research 
resources and delayed the generation of evi-
dence about what actually works and in what 
settings or contexts.

On top of the barriers to research on 
MCMs, an inadequate understanding of 
human behavior in a prolonged pandemic, 
including how people get and use informa-
tion, how they calculate risk and assess bene-
fits, and how these factors figure into issues 
such as skepticism about both public health 
and MCMs including vaccines, have meant 
that products that are developed are not opti-
mally used to save lives and diminish morbid-
ity and long-term consequences of the disease. 
In many countries a wide-ranging distrust of 
government and authority underlies poor 
public response (COVID-19 National 
Preparedness Collaborators 2022).

There are certainly triumphs that should 
be acknowledged, applauded, and amplified, 
such as the rapid sharing and curation of gene 
sequences by GISAID, the development and 
deployment—albeit inequitably—of vaccines 
in less than a year, some pre-positioned clini-
cal research networks adaptable to a variety 
of clinical research needs, and the use of 
adaptive trial designs to identify effective ther-
apeutics more rapidly. In the COVID-19 pan-
demic even the much-maligned regulatory 
agencies around the world have recognized 
the need to move more rapidly, resist political 
interference, and make evidence-based deci-
sions to authorize the use of these new prod-
ucts outside of research studies when 
circumstances warrant, even when the evi-
dence is not strong enough to permit full 
licensure.

3  Key Elements of Research 
Response Needed for the Future

At the same time the health and humanitarian 
response needs to be rolled out, a critical, 
early activity during any crisis is to define and 
execute a research agenda (NASEM 2017). In 
a prolonged emergency, research priorities 
will evolve over time and therefore should be 
regularly revisited, with the full understand-
ing that time remains of the essence. A 
research agenda does not need to be devel-
oped de novo with each event; it can evolve 
from a pre-scripted checklist or agenda of 
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critical activities and prepositioned capabili-
ties necessary to execute these activities. It is 
critical that such a checklist be flexible and 
adaptable to the situation and affected region, 
and that capabilities to execute anticipated 
activities are prepositioned in each region, 
particularly to ensure that the result is co- 
developed with local and regional scientists 
and leadership and not just international 
experts and the current global R&D and man-
ufacturing sectors.

From an infectious disease perspective, a 
checklist can start with key elements enabling 
a public health and biomedical science 
response needed for an MCM-oriented 
research response, one which addresses the set 
of issues and needs generated before and dur-
ing the first year of the COVID-19 pandemic. 
Responsibility for executing these research 
activities was poorly defined at the outset of 
the pandemic. However, during the COVID 
response CEPI envisioned and implemented a 
global laboratory network capable of running 
standardized assays to assess immune 
responses to vaccines (and future pathogens) 
and to develop and conduct testing in animal 
models (CEPI 2020). Maintaining (and 
expanding) such networks as core, pre- 
positioned global capabilities for the future 
would make sense and be invaluable. This 
needs to include assignment of responsibili-
ties and availability of funding even before 
there are emergency situations. Maintaining 
expertise, continuity of funding, and enhance-
ment of infrastructure is a requirement to 
avoid catastrophic events like COVID-19, 
because research systems cannot immediately 
function if  they are not already in place when 
they are needed. Two chronically underdevel-
oped areas of research readiness are the orga-
nization, approval and execution of clinical 
trials, and the study of human behavior rele-
vant to emergency outbreak situations includ-
ing the perception of and response to risk.

The recently expressed global ambition to 
develop vaccines available for use within 
100  days of a recognized need (CEPI 2022; 
Pandemic Preparedness Partnership 2021; 
Saville et al. 2022), in part through developing 
prototype vaccines in each potentially 
 high- consequence viral family, will require an 

additional set of elements for research 
response, based in structural biology, immu-
nology, and manufacturing innovations to 
advance technology and platforms before 
knowing the specifics to which they will be 
adapted. These should be defined and devel-
oped as soon as possible to be ready when 
needed.

3.1  Clinical Trials

It is increasingly possible to accelerate devel-
opment of multiple classes of therapeutics, as 
well as vaccines, with the advances in struc-
tural biology, development of bioactive chem-
ical and small molecule libraries, rapid 
throughput screening of compounds, meth-
ods for producing monoclonal antibodies, 
and the development of new in  vitro and 
in  vivo animal models representative of 
human disease pathogenesis for emerging 
infectious agents. However, the speed of trans-
lation to actual human use depends on their 
rapid, parallel clinical evaluation. Fortunately, 
there has been progress applicable to poten-
tially pandemic emerging infectious diseases. 
Adaptive trial designs, in which “accumulat-
ing evidence is used to modify the trial’s 
course in accordance with preset rules” 
(Pallmann et al. 2018), can allow the early ter-
mination of trials or arms of trials because 
sufficient data are available to conclude there 
is either no effect or the intervention is in fact 
effective. While most clinical trials conducted 
during the COVID-19 pandemic, especially in 
the early months, were either underpowered 
or too poorly designed to draw conclusions, 
several adaptive trials, notably the Randomised 
Evaluation of COVID-19 Therapy 
(RECOVERY) trial in the UK and the later 
WHO-sponsored global SOLIDARITY trial, 
both of which tested multiple products simul-
taneously, were quickly able to identify prod-
ucts that worked, e.g., dexamethasone, and 
those that did not, e.g., hydroxychloroquine. 
The former exemplifies the benefits of an 
available UK government-funded network, 
which linked academic centers with a health-
care system and patient base (the National 
Health Service) under a partnership with the 
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National Institute for Health Research 
(RECOVERY Trial 2022) (7 In Practice 14.1). 
The UK Clinical Research Network had been 
established in 2008, and while it was originally 
envisioned as a mechanism to address com-
mon, chronic health problems, it was a well- 
functioning, pre-positioned platform for 
clinical research (workforce, clinical care, lab-
oratory, coordinated information systems) 
when COVID-19 emerged and able to rapidly 
pivot to the new urgent problem.

Going forward, functioning clinical trial 
networks will be needed in multiple areas of 
the world, within a global “network of net-
works” that agrees to a set of clinical trial 
design principles and pre-established interim 
or prototype protocols. These sites must be 
ready to not only conduct trials but contribute 
to integrating research into the roll-out of 
interventions and public health measures in a 
crisis. One example of such a trial network was 
REMAP-CAP, a global network studying 
community acquired pneumonia that had a 
pre-defined emergency response arm (Goossens 
et  al. 2021). To be viable, such networks will 
need ongoing funding and involvement in tri-
als during interpandemic periods to maintain 
skills and systems. It is hard to envision such a 
global network without support from those 
nations with abundant and available resources, 
in full collaboration with nations where out-
breaks are most likely to begin. There will be 
additional challenges to address before these 
networks can serve as clinical trial first respond-
ers to test innovations in clinical care as well as 
assess investigational products in clinical trials. 
Foremost among them will be a rapid system 
of Research Ethics Committee/Institutional 
Review Board (REC/IRB) approval and coun-
try regulatory authorization for the conduct of 
trials by local, regional, and international part-
ners. The move to a single IRB for multi-center 
trials in the United States may be a promising 
model to explore for multi-country research 
networks (Gordon et  al. 2017). An indepen-
dent, expert global coordination or governance 
system will also need to be established so that 
products that are most promising or fit for pur-
pose can be prioritized, and others are unable 
to “hijack” clinical trial resources through 
political or financial influence. The provision 

of core financing for such networks to do other 
valuable work when they are not needed for 
emergency response (to stay “warm”) in 
exchange for their agreement to participate in 
the global system of cooperation and equitable 
access is one possible mechanism to under-
write the enterprise. Realizing such a vision 
will take an enormous amount of work but is a 
worthy and frankly essential goal to pursue; 
respected expert leadership will matter.

A global clinical research infrastructure 
will be needed for clinical care, therapeutics, 
and vaccines. For example, during COVID- 19, 
each vaccine developer executed its own clini-
cal trial design using its own networks, 
although NIAID insisted on some common 
designs and endpoints for the trials it funded. 
Because each vaccine was tested against its 
own placebo control group, the number of 
trial participants receiving placebo was large, 
and it was impossible to directly compare one 
vaccine to another.

4  Understanding Human Behavior

Every public health emergency touches peo-
ple in many communities, and multiple forces 
shape their understanding of the crisis and 
how to protect themselves. Prior experience, 
future expectations, and the trust placed by 
communities in leadership are all pertinent, 
whether political, scientific, or healthcare and 
public health leaders. While misinformation 
and anti-vaccine propaganda go back to at 
least the mid-nineteenth century (Larson 
2020), the propagation of misinformation and 
its deleterious effect on crisis management 
and public health response has reached new 
heights. Large minorities of the population in 
many countries fell prey to false narratives 
about etiology and epidemiology of disease, 
medical countermeasures, and the intentions 
of public health, medical, and scientific prac-
titioners. Such narratives have been aided and 
abetted by nations, social media, misinforma-
tion provided by friends, family, or celebrities 
from one or another sector of society, and 
wide dissemination of messages without reli-
able screening or fact-checking (Briand et al. 
2021).
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It is critically important to have a better 
understanding of human behavior in the face 
of a crisis, in particular the way people assess 
and respond to risks, and how such under-
standing can be applied to help mitigate 
potentially counterproductive effects. As we 
have seen in both the Ebola epidemic and 
COVID-19 pandemic, the need for behavioral 
science research to inform many aspects of 
the end-to-end response and the deployment 
and acceptance of lifesaving countermeasures 
is, like the need for research response during 
an outbreak, more evident now than it has 
ever been. Most countries do not have a surge 
workforce of anthropologists, sociologists, or 
behavioral scientists, or even a sizeable enough 
contingent of practicing social scientists to 
operate under the levels of stress and uncer-
tainty routine in an emergency. This suggests 
a clear need to determine how to provide the 
“just in time” training of a workforce to inter-
view community members, take the pulse of a 
community’s understanding and attitudes, 
and provide reliable sources of information 
for locally or nationally known leaders the 
community will trust. The usual approach in 
low- and middle-income countries has been to 
“parachute” in anthropologists or other social 
scientists and public health personnel from 
developed countries, who may or may not 
know the languages, cultural heritage, educa-
tional level, and morés of a society, and whose 
style of engagement is different and palpably 
foreign. There is no strong global effort to 
plan and facilitate such an effort as far as the 
authors are aware. However, it is worth noting 
that many non-governmental and humanitar-
ian organizations have in-country staff  who 
have at least some familiarity with the local 
culture and different groups within popula-
tions who could potentially be mobilized for 
these efforts; countries have robust networks 
of community health workers who could be 
similarly engaged. As with clinical, labora-
tory, epidemiology, and specimen collection 
resources, planning for and ideally pre- 
positioning individuals and systems for such 
an effort will undoubtedly be a key ingredient 
of research responses in the future. Planning 
and resources that are ideally linked to com-
munity needs in the interepidemic period are, 

as ever, essential precursors if  the need is to be 
addressed in real time and from the beginning 
of an outbreak.

5  Developing a Health  
Research System to Support 
Evidence-Based National  
Health Priorities

There are many challenges for nations decid-
ing to build a health research infrastructure 
able to support initiatives to improve the 
health of the population. Beyond the obvious, 
that individuals’ health and quality of life are 
inextricably intertwined, multiple analyses 
over the past three decades have documented 
that a healthier population is critical for eco-
nomic stability and growth in both the short 
and the long term (Bloom and Canning 2008). 
COVID-19 has brought this message home 
and has helped nudge the health development 
paradigm away from a top-down approach, 
investing in infrastructure to increase the 
wealth of a nation and provide a trickle-down 
health benefit when all citizens can afford bet-
ter health care, toward a bottom-up approach 
whereby investments to improve the health of 
the poor yield substantial dividends all the 
way up the economic ladder as worker pro-
ductivity increases. In this strictly economic 
assessment, the role of health research is cen-
tral to provide information on the most 
impactful investments government and soci-
etal leaders can opt for. Information derived 
from many types of research, from basic epi-
demiology to MCM validation to better 
understanding of how social determinants 
affect a nation’s health, must be translated 
into health policies and public investments 
across the whole of society, leading to down- 
stream impacts on individual and societal 
wealth.

The first step in this paradigm, building a 
research system in all countries capable of 
providing relevant and reliable information to 
inform and improve decision-making, has 
been highlighted as essential for well over 
three decades, beginning with the seminal 
1990 Evans Commission report (Commission 
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on Health Research for Development 1990). 
Two fundamental requirements for creating 
an essential national health research (ENHR) 
system emerge from such reports: researchers 
and the necessary research infrastructure to 
sustain the research agenda, ranging from 
laboratory and clinical capabilities to policy 
questions, and good linkages to a network of 
worldwide peers. Every country needs an 
ENHR program, albeit at varying levels of 
sophistication. Previous expert groups have 
recommended that countries target 2% of 
their gross national product as the minimum 
investment needed to develop their science 
and technology capabilities, with at least 
5–10% of that allocated specifically to health 
research. Such investments can be financed 
through the World Bank or other mecha-
nisms; as noted in a recent World Bank report, 
the Bank itself  should help lay out the invest-
ment case for countries to commit such funds 
(International Vaccines Task Force 2018).

To achieve the ENHR goal, researchers 
need to be educated and trained across a 
broad spectrum of disciplines. Some of these 
educational inputs must be provided at the 
national level, supplemented as appropriate 
through advanced training in other countries 
which have the necessary institutions and are 
willing to support education and training for 
foreign students and more advanced trainees. 
But to attract those receiving education and 
training abroad back to their home country 
requires an infrastructure that permits these 
individuals to use acquired research strengths 
to a sufficient degree to warrant their decision 
to return home. Many, especially the most 
able and creative, will have the opportunity to 
remain where they have been learning their 
profession, often in a developed country with 
much higher income levels (Dohlman et  al. 
2019; Kasprowicz et al. 2020).

Infrastructure needs vary from simple but 
comprehensive and accurate systems to gener-
ate health, disease, and demographic data 
necessary to identify priority health concerns 
to highly technical, instrumentation- 
dependent molecular biology and genetics 
research, or higher order information technol-
ogy and computing capabilities to collect and 
analyze big data sets of population-level 

information. Regardless, the ENHR concept 
includes establishing a minimum research 
base to understand prevalent health problems, 
prioritizing limited resources to maximize 
impact, and promoting self-sufficiency and 
efficiency in health strategies (Evans 1990; 
Weisz and Tousignant 2019). At a minimum, 
the research base must include the ability to 
evaluate whatever crises the country is faced 
with, so that appropriate decisions on how to 
address them can be taken at the country 
level—though in the case of a novel pathogen, 
as we have seen, answers may not be immedi-
ately forthcoming, even with a large propor-
tion of the world’s research resources going to 
the problem. The required research base does 
not mean that every country must be involved 
in the pre-clinical R&D for MCMs. It does, 
however, extend to the need to ensure that 
whatever countermeasures are employed are 
fit for purpose, and that their impact on the 
crisis can be evaluated in real time.

6  Financing an End-to-End 
Research Response

Policymakers have begun to consider sustain-
able financing mechanisms (7 Chap. 28) to 
strengthen preparedness for emerging infec-
tious disease outbreaks, including R&D pre-
paredness, with much of it focusing on the 
interpandemic period (Pandemic Preparedness 
Partnership 2021). This will require both 
planning and resources to pre-position 
research groups and their capabilities, whether 
they are using advanced genomics to better 
define epidemiology, resources for collecting 
human specimens, development and testing 
of novel diagnostics, vaccine platforms to 
jump start vaccine development against novel 
pathogens, or building clinical trial networks 
and manufacturing capacity that can pivot to 
urgently needed products when a crisis threat-
ens. As plans for funding mechanisms evolve, 
however, they must recognize the critical 
necessity of end-to-end, or “lab to jab” capa-
bilities of an R&D preparedness and response 
ecosystem.

There is increasing recognition that popu-
lation needs go beyond developing counter-
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measures, readiness to test them wherever 
they will be deployed, manufacturing the 
products at scale, and ensuring delivery and 
deployment to those in need. For example, 
such efforts cannot efficiently proceed with-
out pre-existing agreements on who accepts 
the financial and liability risks, and who has 
responsibility to manufacture, procure, and 
equitably distribute and deliver MCMs. If  the 
goal expounded in 2021 to develop and dis-
tribute vaccines within 100 days of  identify-
ing a need is to be achieved (Saville et  al. 
2022), manufacturing at risk, that is without 
scientific or financial guarantees of  success, 
would need to start within 30–45 days into a 
pandemic to impact its trajectory early in its 
course. Without major reforms and flexible, 
realistic financial commitments, it is unlikely 
that national and global financing institu-
tions could move quickly enough to support 
the ability to manufacture, procure, and 
deploy needed vaccines. Moreover, countries 
will still need to execute their part of  the end-
to-end response and ensure these counter-
measures, whether diagnostics, therapeutics, 
or vaccines, reach the intended recipients. 
Operational and behavioral science research 
will be badly needed at every step in this pro-
cess. It seems doubtful that low- and many 
middle-income countries will be able to 
finance these activities on their own, so they 
will require at least some level of  external 
financial support.

Following the West Africa Ebola out-
break, the World Bank created a Pandemic 
Emergency Financing Facility to help the 
least resourced countries. However, it was not 
much utilized, either before or during the 
COVID-19 pandemic, and closed down in 
April 2021; its mechanism proved to be too 
cumbersome and slow to be practical (Brim 
and Wenham 2019; Saville et al. 2022; World 
Bank 2021). Regardless of the mechanism 
ultimately identified, it must be able to sup-
port operational and behavioral research for 
pandemic control, support end-to-end coun-
termeasure development and deployment, 
provide immediate access to funds, be able to 
make investments upfront and at financial 
risk, and be governed by a politically indepen-
dent body of experts, including economists 

and bankers, with significant senior science, 
health, and public health expertise. These 
individuals should also be committed to the 
challenges full time, authorized to make deci-
sions rapidly and be prepared to act on them 
without delay; this must be considered a seri-
ous and deep commitment. It should be evi-
dent that financing must be closely tied to 
governance of the research response because 
activities approved and financed early are 
likely to get done and have the greatest chance 
to succeed, as well as blazing the trail for later 
continuing research.

7  Creating a Research Response 
and End-to-End Needs

There is a cliché that says what gets measured 
gets done, meaning measuring key factors 
provides the information needed to focus on 
achieving the goal (Henderson 2016). 
Operationalizing a research response not only 
means outlining critical steps, responsibilities, 
and performance indicators, but also develop-
ing sufficient accountability to ensure mile-
stones are met. That, in turn, requires 
measuring performance. COVID-19 has 
proven once again that the R&D response to a 
pandemic is neither simple nor monolithic. 
There are many interrelated and interdepen-
dent parts that are executed by various dis-
tinct actors, sometimes in sequence and 
sometimes at the same time. To keep this func-
tioning optimally needs a system for over-
sight, flexible tools to promote action, and 
operational expertise on the part of its man-
agers. A future research response will need to 
delineate the critical roles and responsibilities 
as early in the process as possible, and prefer-
ably pre-event, identify milestones for each 
component and actor, and monitor and report 
regularly on progress or the lack of it. Then it 
becomes possible to focus on the problems, 
identify gaps, eliminate barriers, and ensure 
what is working continues to do so. While no 
such system currently exists, the global archi-
tecture in place suggests that the existing 
Global Preparedness Monitoring Board could 
be reformed in its next iteration to take on 
such an effort. Doing so would, of course, 
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need the backing of the sponsors, authority, 
and access to resources, both expert personnel 
and finances.

8  Governance

The lack of an existing governance system for 
end-to-end R&D processes during the 
COVID-19 pandemic led the major global 
organizations to create the Access to Covid 
Tools Accelerator, or ACT-A (WHO 2021). 
These public and private sector organizations 
came together to first discuss and share plans 
on diagnostics, therapeutics, and vaccines, as 
well as an integrated effort to strengthen 
health systems. Neither ACT-A nor COVAX, 
the WHO-established vaccines pillar to pro-
mote vaccine R&D, procurement, allocation, 
and deployment of at least emergency autho-
rized products, are established legal entities. 
Over time, the coordination system has 
evolved as the needs of the pandemic have 
shifted further downstream to delivery and 
use of products, but research needs continue. 
Indeed, the entire continuum of R&D require-
ments and what coordination will look like as 
immediate response shifts to preparation for a 
new pandemic or a recrudescence of 
COVID- 19 remain uncertain.

Conceptually, the effort has many attri-
butes of a strong governance system, with 
participation from key actors and a commit-
ment to problem solving. However, as Moon 
et al. (2015) have pointed out, a future gover-
nance system must have a clear system for 
decision-making, transparency about how 
decisions are reached, and mutual under-
standing among the various parties about 
definitions and boundaries for their roles and 
responsibilities.

9  The Way Forward for Global 
Governance of R&D 
Preparedness and Response

There is considerable evidence that a global 
framework for R&D must take an end-to-end 
approach, with research elements needed at 

every point along the continuum from basic 
science to administration of safe, effective 
products to people. It is also clear that differ-
ent abilities, actors, and actions are needed at 
different points in the process. But key roles 
and responsibilities have to be defined across 
the entire ecosystem, so that no essential ele-
ments of preparedness and response are 
neglected. The economic concept of compar-
ative advantage is a useful metaphor here, but 
the world must not depend on uncoordinated 
nation-states or other actors to meet all 
requirements. All the elements needed for 
research response must be coordinated, 
strengthened, globalized, and prepositioned 
to the extent possible. In addition, capacities 
must be in active use in inter-crisis periods, 
with core business functions and sustainable, 
equitable financing, supported by a strong 
system of governance and accountability. One 
cannot simply build a clinical research site or 
a vaccine plant and put it in storage till the 
next crisis. While the ideal structure has yet to 
be envisioned or financed, a set of normative 
principles with regard to R&D ecosystem 
governance emerges from the recent 
COVID- 19 pandemic experience:
 1. The R&D ecosystem, or its conceptualiza-

tion, must expand to cover the entire “lab 
to jab” spectrum and include R&D as well 
as product manufacturing, procurement, 
and access. Indeed, research is critical to 
achieving faster manufacturing and mak-
ing current capacities fit for purpose to 
better achieve access goals (e.g., vaccine 
thermostability).

 2. As an axiom of governance, in a potential 
crisis when the consequences of the emer-
gency are still unclear there must be a 
strong commitment to at-risk investment 
of necessary resources for a full-scale, 
immediate response. The response must 
include development and manufacture of 
potential countermeasures before it is cer-
tain they will work, with rapid de- escalation 
of effort as the situation warrants.

 3. The R&D ecosystem must involve coun-
tries at all levels of income and develop-
ment. Many aspects of this system can be 
strengthened in interpandemic periods, 
and core capabilities can be prepositioned 
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regionally. However interpandemic R&D 
is financed, it must pursue this goal. 
Emergency response R&D cannot proceed 
unless and until all the essential elements 
for scientifically and ethically sound imple-
mentation are available.

 4. Access to the products derived from the 
R&D system must be equitable in terms of 
both scope and timing. Major research 
funders and international financing instru-
ments can incorporate commitments to 
product access into both intellectual prop-
erty rights (IPR) arrangements and fund-
ing agreements to ensure products also 
become available to low and middle-
income countries as they are produced 
during a health emergency. A system for 
financing the R&D system must cover 
both the interpandemic period as well as 
provide rapid (close to day 0) emergency 
financing in a global crisis.

 5. Development and manufacturing of the 
products derived from the R&D system 
should be geographically distributed, both 
to provide equity of opportunity as well as 
to protect as much of the world as possible 
from export controls and nationalism. No 
small group of countries should be 
expected to manufacture products for the 
entire world. By the same token, when 
supply is scarce, it is essential to allow 
companies other than intellectual property 
rights holders to manufacture patented 
products in an emergency. While difficult, 
it is essential to make authorized MCMs 
widely available in an emergency.

 6. A global process to bring together and 
enhance coordination among the diverse 
actors involved in pandemic preparedness 
and response is essential. For example, 
high-level decision-making could be 
guided by a board, chaired by a senior, 
experienced, neutral individual (or co-
chairs), and include representatives of  the 
key organizations involved across the 
spectrum from global product R&D to 
product use, ensuring appropriate repre-
sentation from all sectors and regions. 
Critical response steps will require many 
decisions from managers in particular 
organizations across different sectors. For 

example, an emergency use authorization 
for a vaccine or therapy will trigger guid-
ance to medical providers and the public, 
higher- volume production, distribution to 
health facilities, arrangements for delivery 
to end- users, Phase IV observations of 
product safety and effectiveness, etc. 
High-level decisions will need to be coor-
dinated with those making the operational 
calls on these and many other response 
actions.

Previous crises have been met with recurrent 
cycles of panic and neglect. It is both possible 
and essential to improve the R&D prepared-
ness and response ecosystem to meet future 
challenges. It is high time to do the hard work 
to make these rational changes happen and 
actually function as intended if  we are to 
avoid another COVID-19 tragedy when we 
could have taken steps to prevent or sharply 
mitigate the impact.

? Discussion Questions
 1. What are the primary elements of  the 

global R&D ecosystem for response to 
infectious disease? What is the origin of 
this ecosystem, in general terms?

 2. Name a few opportunities that have 
been missed because of  weaknesses in 
response capabilities.

 3. How can global infectious disease 
response be made more equitable, con-
sidering that
 (a) The nation-state is the primary 

locus of  sovereignty, and nation-
states tend to put their own citizens 
first.

 (b) The wealthiest states tend to have 
the most capacity to respond to 
infectious disease.

 (c) It is far harder to mobilize resources 
for preparedness than for response.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The role of international financial institu-
tions (IFIs) in financing preparedness and 
response for emerging infectious diseases

 5 How IFIs can support emergency response 
research

 5 How IFI initiatives complement other 
global efforts to strengthen disease surveil-
lance and response systems

 5 How IFIs effectively contribute to partner-
ships

 5 How IFIs have used development lending 
to bolster core capacity of health systems 
and clinical research

 5 Constraints faced by IFIs in financing clini-
cal research

 5 Examples of lessons learned in recent pan-
demics

 5 The potential for IFIs to further improve 
investment in emergency research prepared-
ness and response

1  Introduction: International 
Financial Institution 
Investments in Health Security

International financial institutions (IFIs) 
began to play an increasingly crucial role in 
health security financing after the 2014–2016 
West Africa Ebola virus disease (EVD) epi-
demic. Since then, diverse actors in the global 
health field, including large foundations, 
regional players, and IFIs have increasingly 
assumed major roles in global health, health 
security, and integrating research into emer-
gency response.

Box 1: What Are International Financial Institutions?
IFIs are financial institutions, established or 
chartered by more than one country, which 
provide financial support for development 
projects via grants and loans. The owners 
(shareholders) of  IFIs are typically govern-
ments of  sovereign countries, but also include 
other multilateral institutions and interna-
tional organizations. Each IFI has its own 
independent legal and operational status 
(Bhargava 2006). IFIs include the 
International Monetary Fund (IMF) and the 
five multilateral development banks: the 
World Bank Group (WBG), the African 
Development Bank (AfDB), the Asian 
Development Bank (ADB), the Inter-
American Development Bank (IDB), and the 
European Bank for Reconstruction and 
Development (EBRD) (Bhargava 2006). IFIs 
have broad country membership, including 
both borrowing and lending countries. While 
IMF and WBG are global institutions and 
are considered specialized but independent 
agencies in the United Nations (UN) system, 
the other four focus on a single world region 

and are often called regional development 
banks.

Other publicly owned international banks 
also provide lending for development; these 
are often clustered together as multilateral 
financial institutions rather than IFIs, as they 
usually have narrower membership structures 
and/or focus on specific sectors or activities 
(Bhargava 2006). A few global public-private 
 international partnership organizations, such 
as the Global Fund to Fight AIDS, 
Tuberculosis and Malaria (Global Fund), also 
serve as international financing organizations 
by mobilizing, managing, and disbursing 
financing, albeit with a narrower focus on end-
ing the epidemics of  HIV/AIDS, tuberculosis, 
and malaria to attain the corresponding 
Sustainable Development Goals (SDGs) for 
health (Bartsch 2007). While this chapter pri-
marily focuses on IFIs, it also highlights the 
role of  these global financing partnerships, 
such as the Global Fund and Gavi, the Vaccine 
Alliance, in strengthening emergency response 
research for infectious diseases.
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During and after the West Africa EVD 
outbreak, several commissions and task forces 
offered recommendations on how the global 
community could better prepare for crises. 
They included investing more in preparedness, 
leveraging new funding mechanisms for emer-
gency response, such as an insurance model, 
and establishing a global research and devel-
opment (R&D) facility to develop drugs for 
outbreaks (Gostin et  al. 2016; GPMB 2019; 
Moon et  al. 2015). In response, the interna-
tional development community took several 
steps to strengthen the capacity to prevent, 
detect, and respond to outbreaks (GPMB 
2019). They included establishing the World 
Health Emergencies (WHE) Programme and 
Contingency Fund for Emergencies (CFE) at 
the World Health Organization (WHO), the 
African Union’s Africa Centres for Disease 
Control and Prevention (Africa CDC), the 
African Risk Capacity (ARC) Group, and the 
Coalition for Epidemic Preparedness 
Initiatives (CEPI). These changes include ini-
tiatives by the World Bank Group and other 
IFIs to strengthen both preparedness and 
response aspects of health security (African 
Risk Capacity (ARC) Group 2022; CEPI 
2020; Nkengasong et al. 2017; WHO 2017).

2  International Financial 
Institution Initiatives 
to Strengthen Emergency 
Response: Leveraging Insurance, 
Contingency Financing, 
and Institutional Changes

IFIs were heavily engaged in financing the 
emergency response to the EVD outbreak. For 
example, AfDB was among the first to support 
EVD-affected countries, with a grant of US$3 
million in April 2014 and overall financing of 
US$223 million. During the epidemic, IFIs 
distributed over US$1 billion to affected coun-
tries for outbreak response (Office of the UN 
Special Envoy on Ebola 2016). The WBG pro-
vided US$518 million for immediate response 
and US$650 million in International 
Development Association (IDA) grants and 
loans (Reynolds 2015; World Bank 2019c). 

However, delays in detection of Ebola cases, 
resource mobilization, and financing hindered 
a swift and effective response.

Since then, there has been notable progress in 
creating new financing mechanisms, approaches, 
and funding commitments for response. These 
include the World Bank’s expansion of the eligi-
bility criteria for its Crisis Response Window 
(CRW) and adoption and adaptation of the 
Contingent Emergency Response Component 
(CERC) and the Catastrophic Demand 
Drawdown Option (Cat- DDO), which permits 
access to funds within WBG-financed projects 
and budget support during crises, respectively.1 
Further, in 2016 the World Bank launched its 
Pandemic Emergency Financing Facility (PEF), 
in consultation with WHO and other partners, 
to rapidly finance surge response (World Bank 
2019c). When the coronavirus disease 2019 
(COVID- 19) pandemic struck, several IFIs 
responded early and vigorously to support 
Ministries of Health (MoHs).

On March 17, 2020, the World Bank 
approved the COVID-19 Fast-Track Facility 
to help countries prevent, detect, and respond 
to the rapid viral spread of severe acute respi-
ratory coronavirus-2 (SARS-CoV-2). On 
April 2, 2020, the World Bank approved the 
global COVID-19 Strategic Preparedness and 
Response Program, using the multi- 
programmatic approach (MPA) to provide up 
to US$6 billion for response from its 
International Bank for Reconstruction and 
Development (IBRD) and IDA funds to focus 
on the COVID-19 health response. Up to 
US$4.4 billion of these funds have been com-
mitted across all seven World Bank regions. In 
October 2020, additional financing of US$12 
billion was approved for COVID-19 vaccine 

1 CERC enabled WBG to release US$2.5 million dur-
ing the 2018 Nigerian Lassa epidemic within 9 days 
and US$40 million to Yemen twice for cholera 
response. Similarly, activation of  CERC in the 
Health System Strengthening for Better Maternal 
and Child Health Results Project resulted in release 
of  US$80 million twice to DRC to respond to its 
tenth EVD outbreak. Similarly, in 2020 Romania 
became the first country to request Cat-DDO acti-
vation to ensure readiness to respond to the 2019-
nCoV (interim name for COVID-19) epidemic.
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acquisition and deployment. As of January 
17, 2022, the Bank had approved 83 opera-
tions totaling US$7.6 billion to support vac-
cine procurement and rollout in 69 countries.

Similarly, other IFIs provided crucial sup-
port for country response. For example, AfDB 
created a US$10.2 billion Crisis Response 
Facility (CRF) to provide a flexible range of 
support to African countries to help manage 
pandemic impacts (African Development Bank 
2021). A US$3 billion “Fight COVID- 19” social 
bond was successfully marketed to make 
resources available immediately. The Islamic 
Development Bank (IsDB) also approved five 
health-sector projects with an overall allocation 
of US$172.3 million in Benin, Chad, Côte 
d’Ivoire, Guinea, and Pakistan to help mitigate 
COVID-19. The Bank also contributed US$72.5 
million toward the International Vaccine Access 
Center (IVAC) Covid-19 Vaccine Support for 
Pakistan (Islamic Development Bank 2021). In 
2021, ADB committed US$4.9 billion through 
rapid-disbursing operations, including policy- 
based lending (US$4.6 billion) and the COVID-
19 Pandemic Response Option (US$250 
million), to help countries fight COVID-19 
(ADB 2021). To address gaps in continuity of 
essential health services and enhance resilience 
to future pandemics, ADB provided US$1.3 bil-
lion for programs and projects supporting 
COVID-19 response in education, public health, 
and social protection (ADB 2021).

IFI financing during recent health emer-
gencies, including COVID-19, has focused on 
curbing the impact of health crises while also 
leveraging response efforts and strengthening 
pandemic preparedness. Given the speed with 
which countries needed to mount a response 
and the long-standing fragility of many health 
systems, the focus was on supporting coun-
tries in delivering COVID-19 interventions.

3  Mobilizing International 
Financial Institution Investment 
to Bolster Preparedness

In 2016, the World Bank, in partnership with 
the Wellcome Trust, launched the International 
Working Group (IWG) for Financing 

Preparedness to recommend innovative mea-
sures for development partners and govern-
ments to finance preparedness (WBG 2017). 
To monitor the state of global preparedness, 
WHO and the World Bank also launched the 
Global Preparedness Monitoring Board 
(GPMB) in 2018 (GPMB 2021) (. Fig. 1).

IFIs are increasingly contributing to coun-
try preparedness. For example, World Bank- 
funded emergency response projects have 
often embedded health-system strengthening 
and preparedness activities together. Between 
2020 and 2022, the World Bank committed 
more than US$15 billion in the health sector 
towards the Strategic Preparedness and 
Response Program (SPRP) using the multi- 
programmatic approach (MPA). Many of 
these COVID-19 health response operations 
also include a focus on longer-term preven-
tion and preparedness (World Bank 2023). 
Even prior the COVID-19 pandemic, the 
World Bank committed an average of US$133 
million per year to strengthen preparedness in 
the period from FY2015 to FY2019. During 
the COVID-19 pandemic (FY2020 to 
FY2022), the World Bank’s financing for pre-
paredness increased more than six-fold, reach-
ing US$882.2 million per fiscal year on 
average—representing an increase in commit-
ment to support preparedness. Through their 
core funding mechanisms, IFIs have become 
the largest source of external financing for 
pandemic prevention, preparedness, and 
response (PPPR). For example, in Ghana, the 
US$35 million World Bank operation includes 
support for strengthening national laborato-
ries to provide real-time disease surveillance 
and outbreak reporting systems.

Furthermore, multi-donor trust fund 
(MDTF) programs, such as the World Bank’s 
Health Emergency Preparedness and 
Response (HEPR) Umbrella Program, can 
serve as critical tools in the arsenal of IFIs for 
promoting PPR.  The World Bank launched 
HEPR in 2021 to provide financing and tech-
nical assistance for pandemic preparedness in 
low-income countries with weak health emer-
gency preparedness and response capabilities, 
including countries that are unable to access 
regular World Bank financing because they 
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        . Fig. 1 The Money & Microbes report, supported 
and published by the World Bank, was an important 
step in recognition of  the need for financing research as 

an integral element of  infectious disease response. 
(International Vaccines Task Force 2018)

are in arrears with their payments to the IDA 
(World Bank 2021).

IFIs have also supported regional invest-
ments in preparedness, such as the East Africa 

Public Health Laboratory Network, the 
Southern Africa Tuberculosis Health Systems 
project, the Regional Disease Surveillance 
Systems Enhancement (REDISSE) Program, 
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Africa CDC, and ADB’s Greater Mekong 
Sub-region Health Security project and Pacific 
Regional Systems Strengthening project.

3.1  Emergency Research 
for Emerging or Re-emerging 
Infectious Diseases (EIDs) 
Limited by Weak Country 
Research Capacity

Research is a crucial building block for emer-
gency response. It spans epidemiological, viro-
logical, and disease course research on 
pathogens and the diseases they cause to devel-
opment and assessment of medical counter-
measures (MCMs). It includes fundamental 
research for development of diagnostics, vac-
cines, and therapeutics, and applied research, 
such as emergency response implementation 
research, evaluations, and social research. These 
research domains are critical to understanding 
and stopping epidemics (Hall et al. 2019).

The 2014–2016 Ebola epidemic in West 
Africa underscored the urgent need to 
strengthen the mobilization of rapid, robust 
research during epidemics and the importance 
of access to effective therapeutics, vaccines, and 
personal protective equipment (PPE) (NASEM 
2017). Ebola had not been identified in West 
Africa previously, and reliable systems for shar-
ing epidemiological, genomic, and clinical data 
were absent. Multiple analyses of the Ebola 
response highlighted the need to develop a 
framework of norms and rules for conducting 
research during epidemics, ensure equitable 
benefit, and develop a global R&D financing 
facility for drugs, diagnostics, and PPE.

Since then, some strengthening of epi-
demic response research has occurred. These 
include WHO’s R&D Blueprint, a global 
strategy that includes 10 prioritized EIDs, a 
roadmap of action, and a structure for coor-
dinating research during emergencies. The 
R&D Blueprint was instrumental in support-
ing the deployment of rVSV-ZEBOV vaccine 
for Ebola, prioritization of R&D activities for 
Zika virus vector control interventions, and 
the use of GeneXpert to augment diagnostic 
capacity during the ninth and tenth EVD epi-

demics in the Democratic Republic of the 
Congo (DRC) (WHO 2019).

Another major milestone has been the 
launch of the Coalition for Epidemic 
Preparedness Innovations (CEPI)—a partner-
ship of bilateral donors, philanthropy, civil 
organizations, and IFIs such as the World 
Bank—to stimulate, finance, and coordinate 
vaccine development against prioritized dis-
eases with epidemic potential (7 Chap. 13). 
CEPI was launched in January 2017, with 
US$500 million initial funding from the Bill 
and Melinda Gates Foundation, Wellcome 
Trust, Norway, Japan, and Germany (Hatchett 
and Lurie 2019; Leigh et  al. 2018). CEPI 
raised US$800 million to invest in vaccine 
candidates for diseases like Lassa fever, 
Middle East respiratory syndrome (MERS), 
Nipah, chikungunya, and Rift valley fever.

Other R&D initiatives include the Global 
Research Collaboration for Infectious 
Diseases Research (GloPID-R), European 
and Developing Countries Clinical Trial 
Partnership (EDCTP), U.S.  Biomedical 
Advanced Research and Development 
Authority (BARDA), U.S. National Institutes 
of Health (NIH) R&D investments, and sev-
eral new networks for research collaboration 
(e.g., the Joint West Africa Research Group 
and the African Coalition for Epidemic 
Research, Response, and Training). Recently, 
the Global Virome Project was established to 
find and sequence viruses circulating in wild-
life that could spill over to humans.

COVID-19 further underscores the impor-
tance of R&D and innovation as key enablers 
of response not only to the COVID-19 pan-
demic as such, but also to its health, eco-
nomic, and social disruptions. Research has 
progressed during the pandemic at an unprec-
edented speed and scale, and gains in under-
standing the virus and developing and 
assessing countermeasures have been impres-
sive. When the SARS-CoV-2 virus was identi-
fied in early 2020, researchers shared its entire 
genetic sequence online within 42 days. Rapid 
research and dissemination of results were 
vital to vaccine development. Research on 
related coronaviruses and mRNA vaccine 
platforms underway long before COVID-19 
appeared was instrumental in speeding up tri-
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als and developing timely interventions 
(Bloom et al. 2021).

Vaccine development often takes many 
years, but during COVID-19 there were nearly 
100 vaccines in development and eight in clini-
cal trials within 6 months, with the first emer-
gency use authorizations coming from the 
U.S.  Food and Drug Administration (FDA) 
and the European Medicines Agency (EMA) in 
December 2020. In the first weeks of the out-
break, WHO activated the R&D Blueprint and 
established the Solidarity international clinical 
trials aimed at rapidly assessing the relative 
effectiveness of COVID-19 treatments (WHO 
2022b, c). As the need for strengthened interna-
tional coordination of the COVID-19 R&D 
effort became evident, major global health 
organizations—WHO; CEPI; the Foundation 
for Innovative New Diagnostics, a global alli-
ance for diagnostics; Gavi, the Vaccine Alliance; 
the Global Fund; Unitaid; the Wellcome Trust; 
and the World Bank—established the Access to 
COVID-19 Tools Accelerator (ACT-A) with 
additional support from governments, manu-
facturers, and other funders (WHO 2022a).

Despite such efforts to improve coordina-
tion of R&D during the pandemic, progress 
has still been ad hoc at best. GPMB reports in 
2020 and 2021 have called on countries to invest 
in R&D, enable data sharing (especially genome 
sequences), and create an “end-to- end mecha-
nism for research, development, and equitable 
access to common goods” (GPMB 2021). The 
momentum created by the pandemic is an 
opportunity to establish effective and sustain-
able mechanisms to support the R&D neces-
sary to confront health emergencies.

3.2  The Market Is Failing 
to Support R&D for Emerging 
or Re-emerging Infectious 
Diseases

Without the prospect of profit, it is difficult to 
find private-sector partners to fund the research, 
including clinical trials, required for licensing vac-
cines, therapeutics, and diagnostics (VTDs) to 
fight epidemics (Leigh et al. 2018). Despite a large 
potential market, there is a market failure for 

pharmaceutical investment in innovation for EID 
VTD: the development process is risky; lengthy 
(typically up to 10 years); and costly (on the order 
of US$1 billion or more until licensure, with the 
success rate of interventions that enter trials his-
torically less than 12% (NASEM 2017). Given 
profit maximization driving the private sector, 
investments in R&D tend to go to diseases with a 
high potential return on investment—often those 
prevalent in high-income countries (HICs), espe-
cially chronic diseases for which patients need to 
take medications over the long term.

This suggests that market mechanisms do 
not generate sufficient incentives for companies 
to invest in drug discovery or development for 
EIDs or diseases prevalent in low- and middle-
income countries (LMICs). Despite the high 
social impact, vaccines and point-of- care diag-
nostics are also less profitable than drugs and 
laboratory assays, resulting in lower incentive 
to invest in R&D to prevent EIDs. As a result, 
few companies invest in emergency response 
research, particularly for VTD (Perkins et  al. 
2017). Reliable incentives are lacking for mech-
anisms that incentivize international collabora-
tion to develop VTD outside of emergencies.

3.3  Rationale for Public 
Investment in Emergency 
Response Research

Given the high social impact, research on 
EIDs (including the development of VTD 
and research on delivery and acceptance of 
countermeasures) is considered a global pub-
lic good (GPG). As a general rule, public 
goods are considered to be non-rival (one per-
son’s consumption of the good does not 
diminish another person’s access to it) and 
non-excludable (a person must not be denied 
access to that good). While the knowledge 
generated by medical research could be con-
sidered a GPG, even access to that knowledge 
comes with a price and a delay (e.g., payment 
to a journal for access to an article that has 
taken time to write and review). GPGs are 
items available to all (air and water), abstrac-
tions like knowledge or human rights, or ser-
vices like national defense or (in many 
developed countries) health care (Reiss 2021). 
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In this context, actions aimed at improving 
health, including (1) knowledge generation, 
(2) fostering global health leadership and 
stewardship, and (3) activities controlling neg-
ative and regional externalities, such as 
 pandemic preparedness, can be viewed as 
global public goods (McDade et  al. 2019). 
While the rationale for public investment in 
emergency response research is strong, the 
results of that research, for example in the 
form of VTD, are often distributed based on 
ability to pay and thus not non-excludable 
and are in limited supply and thus not non-
rivalrous (Lie and Miller 2020).

Gaps in health research capacity, VTD pro-
duction, and distribution networks impact not 
only the availability of VTD to lower income 
countries, but they directly affect decision- 
making and may undermine public trust, both 
of which are integral to an effective emergency 
response. A lack of information and evidence 
during a health shock can generate misinfor-
mation, as with the promotion of hydroxy-
chloroquine, an anti-malarial drug, for 
COVID-19 treatment without sound clinical 
evidence—the drug turned out be non-benefi-
cial for COVID-19 and appeared to be associ-
ated with heart arrhythmias (Infante et  al. 
2021). Evidence-based decision- making is crit-
ical to public trust and hinges on well-designed 
research during emergencies, including bio-
medical and epidemiological research, data 
modeling, R&D, and clinical trials. In the 
aftermath of recent epidemics, including Ebola 
outbreaks in West Africa, DRC, and Uganda, 
Zika largely in South America, and of course 
during the COVID-19 pandemic, investment 
in emergency response research as a GPG has 
been recognized as essential to attain SDGs 
and health security (Lurie et al. 2021).

3.4  Research During Emergencies 
Requires Prior Investment 
in Research Systems

In addition to insufficiently focusing on R&D, 
several LMICs have weak research and regu-
latory systems. An analysis of global health 
security capacity in all countries found that 
76% have limited capacity to test and approve 

new medical countermeasures (MCMs), and 
50% and 80% have low capacity to acquire 
MCMs and to dispense MCMs during emer-
gencies, respectively (GHS Index 2021).

Striking gaps in R&D investments and 
capacities persist between HICs and LMICS, 
which are more vulnerable to the threat of epi-
demics in part because of weaker health sys-
tems. Lack of adequate research infrastructure 
and equipment, coupled with limited research 
capacity, results in a significant research dis-
parity. For example, less than 0.5% of global 
publications in health research comes from 
Africa. Analysis by WHO reveals that the 
number of research grants for health research 
in the United States in 2016 was 53,114, with 
only 450 and 122 for Africa and Southeast 
Asia, respectively (Ralaidovy et al. 2020).

Research is essential not only for develop-
ing VTD but also for understanding their 
effects, both desired and undesired, in diverse 
populations. In addition to fundamental 
research—required for pathogen detection, 
identification, and development of diagnostics, 
therapeutics, and vaccines—there is also a need 
to strengthen applied research capabilities. 
This includes implementation research, evalua-
tion methods, and social research during emer-
gencies to understand attitudes, barriers, and 
enablers for interventions. Research for under-
standing population differences and disparities 
in access to and demand for vaccines proved 
critical in the response to COVID-19. Research 
during COVID-19 also highlighted the issue of 
mistrust in governments and pharmaceutical 
companies, hindering the uptake of vaccines 
and leading to defiance of physical distancing 
guidelines and masking mandates. Research 
on new SARS-CoV-2 strains via genome 
sequencing also informed decisions on MCM 
composition and administration, on physical 
distancing, travel guidelines, and isolation peri-
ods for patients and community.

3.5  International Financial 
Institutions and Research 
Financing

While IFIs are among the largest multilateral 
funders of global health and GPGs (Sridhar 
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et  al. 2017), they were not established with 
research financing as a primary goal and have 
not been much involved in financing research 
until recently. Direct investments by IFIs are 
subject to demand generation by countries and 
regions, requiring high-level political commit-
ment by the ministry of finance (MoF) and 
often the head of government. Strong advo-
cacy has often been needed to ensure research 
investments are high on their agenda. Further, 
given the risks of MCM development, invest-
ing in research can have reputational risks for 
both governments and IFIs, which often raise 
funds on capital markets through issuance of 
bonds and from member states. Additionally, 
governance of research directly supported by 
IFIs (there are often no ethical review boards 
set up for IFIs) can be challenging as the IFIs 
would have to rely on national institutions.

While IFIs typically are not set up to 
directly fund R&D for EIDs, they still have a 
strong comparative advantage and role in sup-
porting emergency response research 
(McDade et al. 2019). First, IFIs such as the 
World Bank are well placed to deliver on 
GPGs (Sridhar et al. 2017). With their strong 
convening power, IFIs can steer global and 
regional agendas by bringing donors together 
for consensus-building, harmonization of pri-
orities, and resource mobilization. This 
includes regional data sharing, harmonization 
of regulatory processes, and investments in 
centers of excellence for cutting edge research.

Second, the comparative advantage of IFIs 
includes knowledge sharing and technical assis-
tance for policy advice. For example, the World 
Bank in its role as a “knowledge bank” can 
strengthen knowledge generation and exchange 
to support emergency response research.

Third, IFIs have longstanding relation-
ships with MoFs and other ministries, such as 
agriculture and education, which can 
strengthen cross-sectoral advocacy and col-
laboration for investments in emergency 
response research. IFIs can further make an 
investment case for preparedness for emer-
gency response research.

Fourth, global public-private financing 
partnerships, such as the Global Fund and 
Gavi, and to some extent IFIs, can shape mar-
kets to incentivize research on MCMs for 

EIDs through advanced market commitments 
(AMC). For example, Gavi provided US$5 
million to develop Ebola vaccines. During 
COVID-19, IFIs helped LMICs finance and 
distribute vaccines. The World Bank part-
nered with COVAX, the vaccine distribution 
arm of WHO’s COVID-19 response, and the 
African Union (through the Africa Vaccine 
Acquisition Task Team) to help countries 
purchase and deploy vaccines, thus helping 
shape the market for COVID-19 vaccines.

Fifth, IFIs have a strong comparative 
advantage in fund management, including 
trust funds, for major global private-public 
partnerships that invest in emergency response 
research. For example, the World Bank serves 
as the trustee for CEPI.

Finally, IFIs support emergency response 
research through their routine approach to 
lending for projects that strengthen research 
systems and policy lending that provides bud-
getary support to countries contingent on pol-
icy reforms. Transport and electricity are as 
necessary to clinical research efforts as experi-
mental medicinal products (7 Chap. 39).

Consequentially, although IFIs are not 
structured to finance research, there are inno-
vative examples wherein IFIs financing can be 
leveraged to strengthen research capacity by 
integrating investments in research capabili-
ties and research systems in projects. For 
example, for the COVID-19 multiprogram-
matic approach (MPA), the template used by 
projects included components for monitoring 
and evaluation as well as learning agendas to 
support research on forecasting, social behav-
iors including compliance with and impact of 
social distancing measures under different 
contexts, etc. Furthermore, research requires 
not just direct research financing but also 
capabilities such as sequencing capacity, 
trained molecular biologists and scientists, 
quality laboratories, training in clinical trials 
and evaluations, strong public health institu-
tions, knowledge exchange, regional hubs—
all requiring long- term country investments 
that IFIs can support. The following section 
highlights some innovative examples wherein 
IFIs can be leveraged to promote investments 
in research capacity especially for health 
emergencies.
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3.6  How International Financial 
Institutions Can Support 
Emergency Response 
Research: Examples 
from the World Bank

IFIs partner with major institutions to man-
age funds and can bring donors together to 
support R&D.  As partners, IFIs can 
strengthen financial management, coordina-
tion, resource mobilization, and financing of 
emergency response research through multi-
donor trust funds (MDTFs) and small trust 
funds, which provide targeted funding for 
World Bank (or other agency) implementa-
tion and supervision, and Financial 
Intermediary Fund (FIF) partnerships, which 
provide large-scale funding under indepen-
dent governance (World Bank 2019a).

3.6.1  Convening Global 
Partnerships During 
Emergencies

IFIs, in their role as convenors, can advocate 
for investments in GPGs. For example, the 
World Bank co-convened the Access to 
COVID-19 Tools Accelerator (ACT-A)’s 
Health System Connector (HSC) as a time- 
limited global collaboration to accelerate the 
development, production, and equitable 
access to COVID-19 tests, treatments, and 
vaccines to expedite the end of the acute phase 
of the pandemic. ACT-A brought together 
diverse stakeholders, including multilateral 
institutions and IFIs, academic researchers, 
and the private sector to speed development 
and delivery of COVID-19 interventions.

3.6.2  Leveraging Trust Funds 
for R&D

IFIs can leverage trust funds to support 
research. For example, the International 
AIDS Vaccine Initiative (IAVI) was among 
the first product development partnerships 
for R&D. IAVI aimed to accelerate R&D for 
HIV vaccines while supporting affordability 
and access to data, and the World Bank sup-
ported IAVI in developing its investment 

case. The partnership with the World Bank 
enabled IAVI to facilitate a conference on 
R&D for global health research,2 where par-
ticipants shared lessons on vaccine develop-
ment and galvanized efforts to mobilize 
private-sector financing for vaccine develop-
ment for high- priority, epidemic-prone dis-
eases (World Bank 2019b). Japanese 
government funding, coupled with manage-
ment of  internal and external expectations, 
helped minimize reputational risk: it had to 
be clear to stakeholders that supporting 
basic science research might or might not 
result in a viable vaccine, but would still yield 
significant knowledge.

IAVI provides a successful model of how 
IFI partnership and co-financing can help 
leverage small trust funds by reducing trans-
actional costs for supervision, knowledge 
sharing, and financial management. This 
model can be replicated to improve cost effec-
tiveness of other official development assis-
tance (ODA) through small or multi-donor 
trust funds for emergency response research 
with reduced transactional costs.

It is important to recognize that successful 
development of COVID-19 vaccines in record 
time was largely possible because of decades 
of HIV research, vaccine development and 
clinical research capacity building. Investment 
in HIV research also informed strategies on 
how to reach the most impacted communities, 
with the most widely used guidance for com-
munity engagement, Good Participatory 
Practice, growing out of HIV/AIDS research 
(UNAIDS and AVAC 2007; UNAIDS and 
WHO 2021).

2 IAVI organized a forum called “Strategic Investment 
in Global Health Vaccine R&D: Strengthening col-
laboration among global health initiatives and har-
nessing private sector engagement,” with CEPI and 
the Global Health Innovative Technology (GHIT) 
Fund at the Universal Health Coverage (UHC) 
Forum in 2017. The meeting was co-hosted by the 
Japanese Government, the World Bank, WHO, and 
UNICEF to launch a process for further interna-
tional collaboration and coordination.
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3.6.3  Multi-Donor Trust Funds 
Strengthening Research 
Systems

Multi-donor trust funds (MDTF) focused on 
pandemic preparedness and response (PPR) 
can also strengthen research systems. For 
example, the Health Emergency Preparedness 
and Response (HEPR) Multi-Donor Fund, 
supported by Japan, Australia, and Germany, 
brings together different sectors to support 
preparedness activities in the health sector 
(e.g., expanding surveillance efforts, training 
health and laboratory staff, developing contin-
gency plans, and strengthening laboratory net-
works) and preparedness support activities in 
other sectors (World Bank 2022a). HEPR has 
strengthened research systems in several coun-
tries and regions, including Africa. For exam-
ple, it is advancing Africa’s genomics 
surveillance network, coordinated by Africa 
CDC, through grant support for the Centre for 
Epidemic Response and Innovation in South 
Africa and the African Centre of Excellence 
for Genomics of Infectious Disease (ACEGID) 
(World Bank 2022a). In Zimbabwe and São 
Tomé and Príncipe, the HEPR Umbrella 
Program is supporting training of laboratory 
technicians, availability of climate-friendly 
cold chain equipment, and installation and 
maintenance of solar systems in health facili-
ties—all activities that also support a broader 
research system (World Bank 2022a).

3.7  Leveraging Routine Lending 
to Accelerate Research

IFIs can use routine development assistance 
lending to build core country capacities for 
prevention, detection, and response as well as 
research on outbreaks. Mobilizing rapid, 
robust research during outbreaks depends on 
investments during non-crisis periods. 
However, there continue to be major gaps 
even in funding core capacities required of all 
countries under the International Health 
Regulations (2005), which are less demanding 
than research capacity requirements (WHO 
2016). IFIs can also use development lending 
to accelerate innovation of infectious disease 

VTD when countries prioritize commitment 
to research.

3.7.1  Financing Research 
on Emerging or Re-emerging 
Infectious Diseases by 
Strengthening Public Health

The following six major capacity challenges 
hindered research during the West Africa 
EVD epidemic
 1. Lack of clinical experience with Ebola
 2. Poor surveillance and laboratory capacity
 3. Deficiency of crucial health system infra-

structure and health care workers
 4. Small pool of clinical research experts and 

very limited prior experience in the con-
duct of clinical research

 5. Ethics review boards lacking the resources, 
experience, and information management 
systems needed to evaluate an unprece-
dented number of clinical research pro-
posals

 6. Lack of experience and expertise on com-
plex legal and bureaucratic steps in clinical 
trial conduct, e.g., contract negotiations 
(NASEM 2017)

Multiple studies have emphasized the impor-
tance of knowledge sharing, specimen trans-
port, infrastructure (e.g., cold chain), a 
functional health care system, and a qualified 
health and epidemiology workforce as corner-
stones for accelerating response research and 
clinical trials (Hatchett and Lurie 2019; 
NASEM 2019). For example, the Sierra Leone 
Trial to Introduce a Vaccine against Ebola 
(STRIVE) faced grave challenges, including a 
lack of −80 °C freezers, cold chain, basic equip-
ment (e.g., centrifuges), Good Clinical Practice 
(GCP) training, and laboratories in smaller 
towns (Widdowson et al. 2016). A lack of labo-
ratory infrastructure also undermined initial 
clinical trials in Liberia by fueling mistrust 
when investigational Ebola virus vaccines had 
to be stored in the U.S. Embassy in Monrovia 
due to lack of cold storage capacity elsewhere 
(NASEM 2017). Strengthening research capac-
ity for epidemic threats cuts across many aspects 
of preparedness and requires a legal frame-
work, strong country and regional systems for 
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scientific, ethical, and regulatory review, good 
laboratories, human resources, and equipment.

The development of sustainable disease 
surveillance and response capacities during 
inter-epidemic periods is essential for coun-
tries to conduct foundational research and 
prepare for future threats. IFIs can provide 
financing to build core capacity for health- 
system research, including surveillance, diag-
nostic capacity, rehabilitation of facilities, 
laboratory equipment for clinical and epide-
miological research, and research supplies. 
The World Bank finances multiple regional 
and country projects to

 5 Strengthen regional and country assets 
and infrastructure by improving surveil-
lance systems, laboratory networks, and 
regional biobanks.

 5 Strengthen regional and national institu-
tions for project management and public- 
health research.

 5 Improve capacity building through inter-
disciplinary training opportunities, such 
as field epidemiology training programs 
(FETP).

 5 Foster knowledge sharing between coun-
tries.

World Bank lending projects that have 
strengthened key elements of emergency 
response research include:

3.7.2  The East Africa Public Health 
Laboratory Network

The East Africa Public Health Laboratory 
Network shows how an IFI-funded project on 
laboratory strengthening for tuberculosis can 
support overall research systems strengthening 
and anti-microbial resistance (AMR) surveil-
lance. Launched in 2010, the US$129 million 
project established a network of efficient, high-
quality, accessible public-health laboratories in 
Burundi, Kenya, Rwanda, Tanzania, and 
Uganda (World Bank 2017). The project has 
helped 32 laboratories become centers of excel-
lence and increased access to laboratories for 
poor and vulnerable populations. The project 
strengthened diagnostic and surveillance 
capacity, laboratory worker training, and oper-
ational research. These included multi-country 
research on patterns of drug resistance to newly 

prescribed antibiotics, renovation and con-
struction of laboratories, roll- out of molecular 
technology for multi-drug resistant tuberculo-
sis (MDR-TB), financing to support certifica-
tion of the Uganda National TB Reference Lab 
as a WHO supranational reference lab, training 
over 10,000 health personnel, strengthening 
cross-border disease surveillance, and emer-
gency response gap analysis, which enabled 
swift response to Marburg and EVD outbreaks.

3.7.3  The Southern Africa 
Tuberculosis Health Systems 
Support Project

The Southern Africa Tuberculosis Health 
Systems Support (SATBHSS) project was con-
ceptualized as a disease-specific project3 to 
address tuberculosis (TB), including antimicro-
bial resistant or multi-drug resistant TB [AMR 
or MDR-TB]), as well as TB/HIV coinfection, 
in Southern Africa. SATBHSS also supports 
investments in health systems, strengthening dis-
ease surveillance, response to infectious disease 
outbreaks in cross-border areas, and occupa-
tional health interventions in the mining and 
labor sectors. MDR-TB is one of the world’s 
biggest AMR challenges, and the project sys-
tematically supports coordinated regional 
investment to control MDR-TB.  The project 
also supports pilot programs for health care 
worker screening and strengthening laborato-
ries. SATBHSS has also coordinated simula-
tions for EVD preparedness and response, 
which helped contain a 2018 cholera outbreak 
in six Southern Africa Development Community 
countries. The project has supported key inno-
vations in TB care and control and proven to be 
a valuable resource for countries in responding 
to public health threats (. Fig. 2).

3 The development objectives of  SATBHSS are to (a) 
improve coverage and quality of  TB control and 
occupational lung disease services in targeted geo-
graphic areas of  participating countries and (b) 
strengthen regional capacity to manage the burden 
of  TB and occupational diseases. The project is 
active in Lesotho, Malawi, Mozambique, and Zam-
bia with the East, Central, and Southern Africa 
Health Community and the New Partnership for 
Africa’s Development as its regional implementa-
tion partners.
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       . Fig. 2 Southern Africa TB and Health Systems Support Project summary. (SATBHSS Project Brochure 2021)

3.7.4  The Regional Disease 
Surveillance Systems 
Enhancement Program

The Regional Disease Surveillance Systems 
Enhancement (REDISSE) program is a series 
of projects established after the 2014–2016 
West Africa Ebola outbreak to address sys-
temic weaknesses in national and regional 
capacity for disease surveillance and response. 
Developed jointly by the Health, Nutrition, 
and Population and Agriculture Global 
Practices of the World Bank, REDISSE is a 
flagship regional One Health program focus-
ing on the human- animal- environment inter-
face where many novel diseases arise (7 Chap. 
10). REDISSE supports 16 countries in West 
Africa, the West African Health Organization 
(WAHO), and the Economic Community of 
Central African States, and has helped estab-
lish regional and multisectoral partnerships to

 1. Promote collaboration.
 2. Reduce the economic  burden caused by 

epidemics.
 3. Extend efficiency gains through resource 

sharing.
 4. Bolster health security as a global public 

good.
 5. Address common research needs.
 6. Improve rapid response.

3.7.5  The Africa CDC Project
The Africa CDC project strengthened the all- 
Africa CDC and public-health assets in 
Ethiopia and Zambia. The project supports 
transnational surveillance networks, 
emergency- response mechanisms, training for 
laboratory workers and field epidemiologists, 
equipment maintenance, and other health 
functions to manage epidemic risks across the 
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continent, including sentinel and reference 
laboratories in Ethiopia and Zambia which 
can be utilized regionally. Reference laborato-
ries, including bio-safety level (BSL) 2+ labo-
ratories, are crucial for emergency research on 
pathogens that pose risks to laboratory per-
sonnel and surrounding communities. In 
many countries, lack of adequate BSL-2 and 
BSL-3 laboratories limits research on such 
pathogens, or samples may be handled with 
limited biosecurity measures, posing a risk to 
workers and communities. Establishment of 
regional facilities will facilitate research, but-
tress biosafety, and speed detection of out-
breaks. Support of institutions such as Africa 
CDC can facilitate IFI financing for develop-
ment of broad capacities and policies for 
research, such as continent-wide material 
transfer agreements (MTAs) for expedited 
sample identification and sequencing, devel-
opment of research priorities, etc.

3.8  Financing Academic Capacity 
Building for Research

Lack of research capacity, including high- 
quality laboratories, is among the most criti-
cal challenges to emergency response research. 
Investments by IFIs in programs such as 
REDISSE are strengthening regional knowl-
edge exchange and capacity building and 
enhancing country capacity to conduct health 
research. Among the needs is training in bud-
get management, grant acquisition, and pro-
curement to make capacity sustainable. 
Sustainable research capacity also requires 
strong scientific talent, high-quality universi-
ties, and career paths for researchers. Despite 
being hotspots for emerging epidemics, 
Southeast Asia and Africa have proportion-
ately very low levels of health research. For 
example, Africa represents 15% of the global 
population and 25% of global disease burden 
but only 2% of global research output and 
0.1% of patents (Lan et  al. 2014; Schemm 
2013; Simpkin et al. 2019). As highlighted by 
severe acute respiratory syndrome coronavi-
rus (SARS-CoV), Ebola virus, and SARS-
CoV-2, strengthening international 
collaboration between universities can facili-

tate the development of diagnostics and 
MCMs during epidemics.4 Private-sector col-
laboration with universities also increases the 
propensity of firms to introduce new products 
(Marotta et al. 2007).

IFIs have been able to provide develop-
ment financing for strengthening academic 
research, research partnerships, and innova-
tion. The African Higher Education Centers 
of Excellence (ACE) Program provides financ-
ing to strengthen the quality of post-graduate 
education and build collaborative research 
capacity across Africa (ACE 2022). Under 
ACE, IFIs have encouraged regional special-
ization, so participating universities can 
deliver better specialized training and research 
support. Subject areas have been selected 
through a competitive process in key priority 
disciplines, including health.5 These centers 
address development challenges in infectious 
disease management, public health, and drug 
development by providing postgraduate train-
ing and research experience in molecular biol-
ogy, analytical epidemiology, traditional 
medicine, and pharma-biotechnology. They 
also provide a regional platform for innova-
tive drug development, including exploring 
the use of traditional medicine, and support 
equitable access to medications and diagnos-
tics in the region. Since 2014, ACE Health 
Centers have been leaders in applied research, 
with the Africa Center for Infectious 
 Genomics and Diseases (ACEGID) playing a 
central role in the 2014 Ebola response by 
leading the diagnostics and testing of the first 
Ebola sample collected in Lagos, Nigeria, and 
more recently the first genomic sequencing of 
SARS-CoV-2 in Africa.

4 For example, the early publication of  the SARS-
CoV-2 genome sequence by China and the immedi-
ate and continued agreement by major journals to 
publish related papers with open access have facili-
tated development of  COVID-19 public health mea-
sures, therapeutics, vaccines, and diagnostics.

5 In West Africa, successful Health ACEs include the 
West Africa Center for Biology of  Infectious Dis-
eases at the University of  Ghana and the Africa 
Center for Genomics of  Infectious Diseases (ACE-
GID) at Redeemer’s University in Nigeria. In East 
and Southern Africa, health ACEs are in Ethiopia, 
Malawi, Tanzania, Uganda, and Zambia.
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The ACE project has led to international 
accreditation of several health-related pro-
grams, increased enrollment in health post-
graduate programs across Africa, and several 

memoranda of understanding (MoUs) on 
research and training collaborations between 
ACE centers and other regional and interna-
tional universities and research institutions.

Box 2: Examples of How the World Bank’s Investment in Africa Higher Education Centers of Excellence (ACE) 
Is Strengthening Emergency Response Research
The ACE Center for Genomics of Infectious 
Diseases in Nigeria (ACEGID), supported 
through the ACE Program, played a key role 
in Nigeria during the 2014–16 Ebola outbreak 
in West Africa, testing the first Ebola patient 
identified there within 6 h of  receiving the 
blood sample. This proved to be critical for the 
successful containment of  Ebola in the coun-
try. The Center also played a crucial role in the 
investigation of  a yellow fever outbreak in the 
Edo State of  Nigeria. The blood samples of 
patients received at the Irrua Teaching 
Hospital were sent to the ACEGID laboratory 
at Redeemer’s University because of  the 
Center’s track record in rare and dangerous 
pathogen diagnosis. Using a novel metage-

nomic sequencing technology that was devel-
oped at ACEGID, the pathogen was swiftly 
identified as a yellow fever virus strain differ-
ent from all other known yellow fever strains 
in Nigeria for the last 96  years (Ajogbasile 
et  al. 2020). Twenty-nine of  50 samples were 
confirmed positive for yellow fever virus by 
reverse transcriptase-quantitative polymerase 
chain reaction, 14 of  which resulted in genome 
assembly. The results were swiftly communi-
cated to the Nigeria Centre for Disease Control 
and Prevention and enabled a quick response 
and mass vaccination in Edo State that con-
tained the outbreak. ACEGID also sequenced 
the first African SARS-CoV-2 genome from 
the first known Nigerian COVID-19 case.

3.9  Lending for Innovation, and 
R&D for Public Health

IFIs support emergency response research by 
leveraging development financing for co- 
financing innovative R&D for MCMs in 
LMICs. The pharmaceutical sector is critical 
in R&D for EIDs. However, market failures 
and the long-standing disconnect between 
R&D investments and needs in LMICs result 
in limited research on public-health priorities 
for LMICs, particularly on neglected tropical 
diseases and emerging infectious diseases, 
though there have been several recent partner-
ships established to remedy the situation 
(Chatelain and Ioset 2011; Ioset and Chang 
2011; Sunyoto 2020). A mix of regulatory and 
financial barriers to commercialization, lack of 
capacity for product design and clinical trials, 
weak intellectual property rights, lack of basic 
infrastructure, and a shortage of experienced 
researchers disincentivize private-sector invest-
ment in R&D in LMICs. Despite growing 

capacity for Phase III clinical trials, the pro-
duction and manufacturing phase of the value 
chain also remains weak (Simpkin et al. 2019). 
These inequalities are reflected in the mismatch 
of R&D outputs with needs. For example, 
between 1975 and 1999, just over 1% of the 
1393 new chemical entities marketed by the 
pharmaceutical industry were for use in tropi-
cal diseases and TB, despite these diseases 
accounting for 12% of the global disease bur-
den (Torreele et al. 2004; Trouiller et al. 2002). 
Incentivizing investment in R&D through col-
laborative financing mechanisms is crucial to 
stimulate research capacity and future research 
output in LMICs.

An example is the World Bank’s Innovate 
in India for Inclusiveness project, a US$250 
million project established in 2017 and co-
financed by the World Bank and government 
of India (World Bank 2022b). The project 
helped unlock India’s potential for R&D by 
facilitating innovation in  biopharmaceutical 
products and medical devices to address 
India’s public-health priorities. India has dis-
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played immense growth and capacity for man-
ufacturing generic drugs and vaccines, but 
research on diseases that largely affect people 
with lower incomes remains limited. Innovate 
in India for Inclusiveness was established to 
promote innovative, early development of bio-
pharmaceuticals and medical devices to 
address India’s public health priorities accord-
ing to disease burden rather than commercial-
ization potential. The project targets critical 
gaps in infrastructure, human capital and 
skills, and technology transfer with the goal of 
strengthening the pilot-to- market innovation 
ecosystem. Grant funding is provided to 
 support centers of excellence for validation, 
early-stage bio-manufacturing, clinical devel-
opment, training, and technology transfer. 
Grantees are selected from among top institu-
tions in both the public and private sectors, 
those that already have a successful track 
record in the biotechnology space but may 
lack specific capabilities to enable faster, 
lower-cost validation through preclinical and 
clinical development and early-stage manu-
facturing. It provides grant funding to consor-
tia of private, public, and academic institutions 
to accelerate development of low-cost vac-
cines, biopharmaceuticals, diagnostics and 
medical devices targeted to public health pri-
orities in India (World Bank 2018).

By extending financing to consortia, the 
project seeks to foster a more collaborative 
R&D environment and link micro, small, and 
medium enterprises with larger companies. By 
engaging vaccine development ethicists from 
its early stages, the project has minimized rep-
utational risks associated with clinical trial 
failures. Further, a partnership with NIH has 
facilitated capacity building for clinical trials 
and a collaborative environment for R&D 
investment in India. Two COVID-19 vaccines 
supported by the project during Phase I/II 
clinical trials received emergency authoriza-
tion in 2021 (World Bank 2022b). The project 
has surpassed its goal of creating a more 
robust pipeline for affordable products and 
spurred greater public-private collaboration 
for research, and is also supporting develop-
ment of vaccines for other diseases including 
influenza, dengue, chikungunya, and cholera 
(Swarup et al. 2019).

3.10  The World Bank’s Comparative 
Advantage in Financial 
Management

IFIs often partner with other parts of the 
international community to support large ini-
tiatives that are not sufficiently supported by 
existing funds or mechanisms. Apart from 
MDTF or single-donor trust funds, IFIs can 
use their financial and administrative manage-
ment advantage with financial intermediary 
funds (FIFs). These are independently gov-
erned financial partnership platforms that 
fund projects implemented by multiple enti-
ties, such as other multilateral banks or UN 
agencies. In FIFs, the World Bank acts as a 
limited trustee, providing well-established 
financial, investment management, and 
accounting platforms, along with specialized 
legal and treasury services (WBG 2019). In 
some instances, the Bank also acts as the sec-
retariat or serves as an implementing entity 
for FIF.  While their governance structures 
vary, all FIFs have external governing bodies 
responsible for funding decisions. FIFs can 
incorporate innovative financing and gover-
nance arrangements and flexible designs, 
allowing funds to come through multiple 
channels and from the private sector, bilateral 
donors, and foundations (WBG 2014).

Examples of such partnerships include the 
Onchocerciasis Control Program, which was 
the first FIF-type partnership, the Global 
Fund to Fight AIDS, Tuberculosis, and 
Malaria, CEPI, and PEF. At the end of the 
financial year 2018 (FY18), there were 27 
FIF-type partnerships in operation with 
cumulative funding of US$97.4 billion. These 
FIF partnerships transferred US$6.7 billion 
for development projects in FY2018 (WBG 
2019).

FIFs particularly add value when a global 
call for collective action for GPGs requires 
long-term, large-scale funding, closely coordi-
nated decision-making, and joint 
 implementation across several multilateral 
organizations. FIF partnerships allow the 
World Bank to use its advantage in financial 
services, including receiving, holding, and 
investing funds; transferring funds as directed 
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by the FIF governing body; and providing 
treasury management. Beyond its trustee role, 
the World Bank can provide secretariat ser-
vices, donate to a FIF, provide advisory sup-
port, or serve as an implementing entity for 
FIF funds. Engagement of the World Bank in 
such partnerships raises their profile, ensures 
due diligence, and increases trust by donors, 
which helps mobilize resources. Partnership 
with the World Bank also reduces transac-
tional costs for holding, investing, and dis-
bursing funds.

As a partner, the World Bank has lever-
aged several of the following FIF-type part-
nerships (. Table  1) that have facilitated 
research or shaped markets to advance 
research.

3.10.1  Coalition for Epidemic 
Preparedness Innovations 
(CEPI)

The World Bank helped launch CEPI and 
facilitate resource mobilization for vaccine 
development to combat emerging infectious 
disease, including identified pathogens with 
pandemic potential and the unknown patho-
gen X—of which the first turned out to be 
SARS-CoV-2. The Bank also serves as a 
trustee for CEPI. CEPI’s goal is to move new 
vaccines through late pre-clinical studies to 
proof of concept and safety in humans before 
epidemics happen or very rapidly after they 
are identified. Its current aspiration is to 
develop and assess vaccines for initial use 
within 100  days after a new pathogen is 
sequenced (Pandemic Preparedness 
Partnership 2021).

CEPI also supports vaccine platforms that 
can be readily adapted and deployed against 
known and unknown pathogens. As a trustee, 
the World Bank manages contributions, 
investments, cash transfers, accounting, and 
financial reporting. When CEPI was in its 
start-up phase, partnership with the World 
Bank facilitated swift resource mobilization, 
so that CEPI had already raised US$800 mil-
lion of its US$1 billion target before 
COVID- 19 struck, enabling it to invest in vac-
cine candidates for Lassa fever, MERS, 
Nipah, and more recently chikungunya, Rift 
Valley fever, and COVID-19.

3.10.2  Gavi, the Vaccine Alliance
The World Bank’s partnership in FIFs for the 
International Finance Facility for 
Immunization (IFFIm) and Advance Market 
Commitments (AMC) enabled the establish-
ment of Gavi as the largest contributor to 
childhood immunization in lower-income 
countries, and now as an important actor in 
emergency response. IFFIm, the frontloading 
mechanism that supports Gavi, has received 
over US$6.3 billion in pledges from nine donors 
over a period of 23 years. These commitments 
were used to issue vaccine bonds in capital mar-
kets, which helped raise US$4.5 billion from 
investors to provide Gavi with greater flexibility 
beyond donor funding. The AMC partnership 
helps accelerate the global rollout of vaccines 
against pneumococcal diseases, a leading cause 
of child mortality in 60 of the poorest coun-
tries. AMC financial commitments provide 
vaccine manufacturers with incentives to invest 
in vaccine research and expand manufacturing 
capacity for affordable vaccines. Donors com-
mit funds to guarantee a low price for vaccines 
to qualifying countries. The World Bank 
assumed financial risk for AMC and reputa-
tional risk for both AMC and IFFIm.

Gavi has played a key role in advancing 
emergency response research though its efforts 
in market shaping, surge response, and imple-
mentation research (Gavi 2019; Malhame 
et al. 2019). For example, Gavi supports diag-
nostic development for yellow fever through 
provision of market pull incentives for test 
kits and maintains diagnostics stockpiles for 
yellow fever, meningitis, and cholera (Johnson 
2018; Zerhouni 2019). In 2016, with a global 
shortage of yellow fever vaccine, Gavi and 
WHO pioneered fractional dosing of yellow 
fever vaccine.6 Further, Gavi provided US$5 
million in AMC to the private sector for the 
development of the first licensed Ebola vac-
cine (rVSV-ZEBOV), which was used during 
the 2018–2020 Ebola epidemic in DRC 
(Oroxom and Glassman 2019; Schnabel and 
Glassman 2019). Gavi also supports malaria 

6 Research showed that one-fifth of  standard doses 
still provided protection from yellow fever for at 
least 12 months (7 Case Study 25.1).

756 M. A. Pate and S. Bali



       
.

Ta
bl

e 
1 

E
xa

m
pl

es
 o

f 
F

in
an

ci
al

 I
nt

er
m

ed
ia

ry
 F

un
d-

ty
pe

 p
ar

tn
er

sh
ip

s.
 I

n 
th

e 
la

tt
er

 h
al

f 
of

 2
02

2,
 t

he
 W

or
ld

 B
an

k 
la

un
ch

ed
 t

he
 F

in
an

ci
al

 I
nt

er
m

ed
ia

ry
 F

un
d 

fo
r 

P
an

de
m

ic
 P

re
ve

nt
io

n,
 P

re
pa

re
dn

es
s,

 a
nd

 R
es

po
ns

e 
to

 im
pr

ov
e 

pr
ep

ar
ed

ne
ss

 a
nd

 r
es

po
ns

e 
fo

r 
fu

tu
re

 p
an

de
m

ic
s 

(W
B

G
 2

02
2)

 (
au

th
or

s)

F
IF

T
yp

e 
of

 F
IF

-f
un

de
d 

pr
og

ra
m

T
he

 B
an

k’
s 

ro
le

(s
) 

in
 t

he
 g

ov
er

ni
ng

 
bo

dy
T

he
 B

an
k’

s 
ro

le
(s

) 
in

 F
IF

-f
un

de
d 

pa
rt

ne
rs

hi
p 

pr
og

ra
m

s
N

um
be

r 
of

 im
pl

em
en

t-
in

g 
en

ti
ti

es
/d

on
or

s

T
ru

st
ee

Im
pl

em
en

t-
in

g 
en

ti
ty

S
ec

re
ta

ri
at

 
se

rv
ic

es
Im

pl
em

en
ti

ng
 

en
ti

ti
es

D
on

or
s

A
dv

an
ce

 M
ar

ke
t 

C
om

m
it

m
en

t
Su

pp
or

ts
 t

he
 G

av
i 

A
lli

an
ce

M
em

be
r 

of
 A

M
C

 S
ta

ke
ho

ld
er

s 
C

om
m

it
te

e
Y

es
 (

F
in

an
ci

al
 

m
an

ag
er

)
–

–
–

6

C
oa

lit
io

n 
fo

r 
E

pi
de

m
ic

 
P

re
pa

re
dn

es
s 

In
no

va
ti

on
s

G
lo

ba
l P

ar
tn

er
sh

ip
O

bs
er

ve
r 

(D
fi)

 a
s 

T
ru

st
ee

Y
es

–
–

1
5

G
lo

ba
l F

un
d 

to
 F

ig
ht

 A
ID

S,
 

T
ub

er
cu

lo
si

s,
 a

nd
 M

al
ar

ia
G

lo
ba

l P
ar

tn
er

sh
ip

N
on

vo
ti

ng
 m

em
be

r 
of

 t
he

 B
oa

rd
 

an
d 

it
s 

co
m

m
it

te
es

 (
D

fi)
 a

s 
tr

us
te

e
Y

es
–

–
–

63

In
te

rn
at

io
na

l F
in

an
ce

 F
ac

ili
ty

 
fo

r 
Im

m
un

iz
at

io
n

G
lo

ba
l F

in
an

ci
ng

 
M

ec
ha

ni
sm

/U
K

 
C

ha
ri

ty

O
bs

er
ve

r 
(D

fi)
Y

es
 (

T
re

as
ur

y 
m

an
ag

er
)

–
–

–
9

P
an

de
m

ic
 E

m
er

ge
nc

y 
F

in
an

ci
ng

 F
ac

ili
ty

G
lo

ba
l P

ar
tn

er
sh

ip
C

o-
ch

ai
r 

(H
N

P
) 

an
d 

O
bs

er
ve

r 
as

 
T

ru
st

ee
 (

D
fi)

Y
es

Y
es

Y
es

3
4

757
28 Financing Emergency Research Response During Infectious Disease Outbreaks: ...



 

Box 3: Financial Intermediary Funds for Pandemic Prevention, Preparedness, and Response: 
The Pandemic Fund (. Fig. 3)
With broad support from the G20 and beyond, 
on June 30, 2022, the World Bank’s Board of 
Directors approved the proposal to establish 
the Pandemic Fund—a Financial Intermediary 
Fund (FIF) for pandemic prevention, pre-
paredness, and response (PPPR). FIFs are an 
important tool in the development finance 
toolbox, offering customized financing plat-

forms for multi-stakeholder partnerships. The 
new FIF for PPPR will provide a dedicated 
stream of  additional, long-term financing to 
strengthen critical PPPR capabilities in low- 
and middle- income countries through invest-
ments and technical support at the national, 
regional, and global levels.

Pandemic Fund’s investments in PPPR, 
including to address gaps in surveillance, labo-
ratory capacity, risk communication, zoonotic 
disease, risk management and more, will help 
avert the much larger costs that the world 
would incur in a future pandemic. These 
investments at regional and country-level will 
also strengthen the research system through 
investments in laboratory systems, knowledge 
sharing, workforce capacity, information shar-
ing, and public health assets sharing.

vaccine development and implementation 
research on MCM delivery.

3.10.3  The Global Fund to Fight 
AIDS, Tuberculosis, 
and Malaria

The Global Fund to Fight AIDS, Tuberculosis, 
and Malaria is an innovative financing part-
nership among governments, the private sec-
tor, civil society, and communities that provides 
funding for programs to prevent and treat peo-
ple with HIV/AIDS, tuberculosis, and malaria. 
The Global Fund is funded by 55 donor coun-

tries, the Bill & Melinda Gates Foundation, 
European Commission, UN Foundation, 
WHO, and the private sector. The World Bank 
serves as its trustee and is a non-voting ex-offi-
cio member of its Board. The Global Fund 
raises and invests nearly US$4 billion annually 
in its 3-year replenishment cycles to support its 
programs, including emergency response 
research, by providing catalytic investments for 
facilitating market entry of new MCMs 
through a revolving fund that makes advanced 
commitments to manufacturers to reduce mar-
ket entry risk (Global Fund 2019).

       . Fig. 3 Pandemic Fund logo. (Courtesy World 
Bank)

4  Lessons Learned

4.1  Develop Emergency Research 
Capacity in Synergy 
with Capacity for Ongoing 
Health Research

Building research capacity is an essential com-
ponent of preparedness. Clinical research 
(particularly during epidemics) requires strong 

laboratory infrastructure and systems, human 
resources, information technology, project 
and financial management, bio- banking, and 
ethical review board and regulatory capacity 
(Gostin et al. 2016; Moon et al. 2015; World 
Bank 2018). To maximize the impact of emer-
gency research, International Health 
Regulations (IHR)-required capacities must 
be strengthened in LMICs, which are often 
most vulnerable to epidemics. Unfortunately, 
many LMICs lack adequately trained work-
forces, laboratory facilities and research infra-
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structure, and regulatory and ethical review 
capacities. Strong laboratory systems assist in 
detection and contribute to critical research, 
and investments in human resources (includ-
ing field epidemiology training) support local 
capacity building for epidemiological research 
(Beyeler et al. 2019; Carpenter and Bhadelia 
2019). Limited access to public health infra-
structure and facilities, such as laboratories, 
research institutions, and advanced training, 
poses a critical challenge to emergency 
research and requires upfront investments. By 
investing in core IHR capacities and disease 
surveillance and detection systems during 
non-crisis periods, IFIs can strengthen surge 
capacity for emergency research response. IFI 
investments in laboratories and human 
resources can be optimized for research by 
integrating applied and clinical research train-
ing with field epidemiology training, by con-
ducting clinical research on locally endemic 
diseases when there is not an outbreak emer-
gency, and by bringing laboratories into the 
research endeavor. A service model with the 
private sector can also be explored where labo-
ratories have partnership with the pharmaceu-
tical sector for conducting clinical trials.

4.2  Promote Research 
Collaboration Among 
Countries and Stakeholders

Lack of coordination and formal governance, 
absence of priority setting, insufficient infor-
mation sharing, and transparency issues are 
major challenges that can hinder resource 
mobilization and implementation of emer-
gency response research (Beyeler et al. 2019). 
Despite new initiatives, resources for research 
remain fragmented, and there is information 
asymmetry and insufficient transparency on 
sources of funding and results of clinical tri-
als, which can lead to duplication of efforts. In 
such scenarios, the World Bank (or other 
IFIs) are strategically well placed to bring 
together countries, regional partners, and 
developmental partners and use its consensus- 
building processes and coordination and 
advocacy functions to enable prioritization 

and resource mobilization for research. IFIs 
also typically have fewer challenges working 
regionally than bilateral players and demon-
strate greater legitimacy to ensure trust for 
resource mobilization.

4.3  Countries Can Leverage 
International Financial 
Institution Financing 
for Research by Ensuring 
Demand for Investment 
in Research Is Voiced at 
the Highest Levels 
of Government

Policy commitments to preparedness, includ-
ing research, facilitate emergency response 
and require advocacy and macroeconomic 
justifications at the highest levels. Through 
regular efforts to make the investment case 
with country leadership, it is possible to 
ensure research financing is prioritized in the 
national agenda and subsequently in IFI 
financed projects. The World Bank’s internal 
processes of Country Policy Institutional 
Assessment, Systematic Country Diagnosis, 
and Country Partnership Framework can also 
be used to encourage such investments. 
Mainstreaming the importance of research, 
innovation, and PPR into these country- 
specific processes can help make research 
funding a greater priority and generate 
demand for research investment to unlock 
financing for research. In addition to IFI 
investment projects, countries can also request 
financing from the Pandemic Fund to 
strengthen investments in surveillance, labora-
tory systems, human resources—all of which 
strengthen research systems as well.

4.4  Provide Incentives 
for Investing in Preparedness 
and Regional Collaboration

The World Bank’s Regional Program for the 
International Development Association (IDA) 
provides regional funds along with country 
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IDA allocations for projects that meet regional 
criteria.7 Incentives to countries for using IFI 
financing or domestic financing for regional 
approaches to health security and research, 
such as via matching funds or schemes like the 
Regional Program for IDA, can facilitate 
establishment of regional assets and promote 
cross-border collaboration essential to EID 
research in emergencies. Further, regional 
partnerships and programs can enable effi-
ciency gains in research through sharing assets.

4.5  Include Research-Related 
Indicators in Monitoring 
and Evaluation

Tracking progress in R&D at a global systems 
level and project level can guide efforts to 
strengthen emergency response research. The 
Global Preparedness Monitoring Board 
(GPMB), established jointly by the World 
Bank and WHO, regularly monitors system-
wide progress on research and development 
for EIDs, thereby ensuring accountability. 
Including research-specific indicators in devel-
opment projects that report detailed results 
more systematically helps to ensure research 
needs are prioritized in preparedness projects. 
Without such research-linked indicators, 
investments in research capacity are not likely 
to meet emergency needs.

4.6  Share Information 
and Investment Plans Between 
Epidemics

Preparedness for emergencies can become more 
robust with planning; pre-approved clinical trial 
designs; prepositioned MTAs, ethical review 
protocols and procedures; and regional plat-

7 Including (a) participation of  three or more coun-
tries and institutions, (b) clear evidence of  country 
and regional ownership, (c) regional benefits 
through generation of  positive externalities and 
mitigation of  negative externalities beyond coun-
tries, and (d) provision of  a platform for policy har-
monization.

forms for vaccine research (Gobat et al. 2019; 
Gostin et al. 2016). An example is the regional 
Partnership for Research on Ebola Vaccines in 
Liberia (PREVAIL), which was set up for 
ZMapp and vaccine trials during the West 
Africa Ebola epidemic and enabled swift trials 
(Kennedy et al. 2016). Similarly, swiftly sharing 
information stimulates collaboration and imple-
mentation of emergency response research, as 
was seen during the COVID-19 outbreak, where 
sharing of the genomic sequence and open-
access publication of research findings were 
instrumental in the development of diagnostic 
tests, vaccines, and therapeutics.

4.7  Develop Additional Incentives 
to Encourage Investment 
in R&D

Accelerating development of MCMs, espe-
cially in LMICs, requires technical and finan-
cial support to successfully navigate the 
development process and clinical trials. 
Engagement with the pharmaceutical indus-
try and institutions such as U.S. National 
Institutes of Health (NIH) can improve sus-
tainability of initiatives and provide technical 
support needed to stimulate R&D for MCMs.

IFIs can help mobilize investments in clini-
cal research by incorporating components and 
indicators for research into development assis-
tance lending operations and health security 
investments. Research-sensitive investments in 
preparedness that both bolster research sys-
tems and regional research networking (includ-
ing in countries experiencing fragility, conflict, 
and violence) and favor regional and country-
level investments in clinical research for MCMs 
can stimulate emergency response research. 
Greater investments in regional institutions, 
such as West African Health Organization 
(WAHO) and Africa CDC, would build the 
capacity of the research institutions to be com-
petitive for research financing.

The IAVI project provides a successful 
model in which IFI partnership and co- 
financing can help leverage small trust funds 
by reducing transactional costs for supervi-
sion, knowledge sharing, and financial 
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 management. This model can be replicated to 
enable utilization of other Official 
Development Assistance (ODA) through 
small trust funds or MDTF for emergency 
response research with reduced transactional 
costs. The World Bank’s HEPR Program and 
the new FIF for PPR can also be leveraged to 
strengthen research systems and provide cata-
lytic investments for generating demand for 
greater investment in research. A trust fund 
can facilitate consultations and country mech-
anisms to strengthen prioritization and 
resource alignment for research, provide tech-
nical assistance to invest in research for PPR, 
and subsidize country investments in research 
through concessional financing and buy-
downs.

World Bank innovative financing mecha-
nisms and FIFs (including CEPI) can be used 
to stimulate R&D, enable tech transfer, and 
build capacity. These FIFs can be leveraged to 
finance clinical trials and scale up MCM pro-
duction during emergencies (Yamey et  al. 
2020). Use of FIFs to finance R&D would 
mitigate fragmentation of resources and 
improve reaction time, reduce transaction 
costs, and speed resource mobilization for 
research during emergencies.

? Discussion Questions
 1. Discuss the IFI role in financing pre-

paredness and response for EIDs and 
how IFIs can more effectively contrib-
ute.

 2. IFIs are not traditionally purpose-built 
to finance research but have a strong 
comparative advantage in strengthening 
systems and coordinating research. 
Provide examples from the World Bank 
of  how IFIs can support emergency 
response research.

 3. The development of  sustainable disease 
surveillance and response capacities 
during inter-epidemic periods is essen-
tial for countries to conduct ongoing 
research and prepare for future threats. 
How do IFI initiatives complement 
other global efforts to strengthen disease 
surveillance and response systems?

 4. IFIs often partner with other organiza-
tions to respond to pressing needs that 

are not sufficiently addressed by existing 
funds or mechanisms. What are IFIs 
especially good at contributing to such 
partnerships or consortia?

 5. How have IFIs used development lend-
ing to bolster core capacity at the inter-
section of  health systems and clinical 
research? How does this contribute to 
research during emergencies?

 6. What are some constraints faced by IFIs 
in financing clinical research?

 7. Briefly list and discuss some lessons we 
have learned in recent outbreaks and 
pandemics. In light of  this experience, 
what opportunities can you identify for 
IFIs to improve their investments in 
emergency research preparedness and 
response?

References

ACE.  The ACE impact project. Accra-North: 
Association of  African Universities; 2022. https://
a c e.  a a u .  o rg / # : ~ : t e x t = T h e % 2 0 A f r i c a % 2 0
Higher%20Educat ion%20Centers,%2C%20
Agr icu l ture%2C%20appl i ed%20Soc ia l%20
Science%20%2F. Accessed 22 Nov 2022.

ADB. Annual report 2021: toward a green and inclusive 
recovery. Manila: Asian Development Bank; 2021. 
Report No.: ISBN: 978-92-9269-422-7 (print); 978- 
92- 9269-423-4 (electronic); 978-92-9269-424-1 
(ebook).

African Development Bank. Evaluation of  the Bank 
Group’s support to RMCs in the face of  COVID- 19. 
2021.

African Risk Capacity (ARC) Group. African Risk 
Capacity (ARC) Group. Johannesburg: African 
Risk Capacity (ARC) Group; 2022. https://www. 
arc. int/. Accessed 17 Nov 2022.

Ajogbasile FV, Oguzie JU, Oluniyi PE, Eromon PE, 
Uwanibe JN, Mehta SB, et  al. Real-time metage-
nomic analysis of  undiagnosed fever cases unveils a 
yellow fever outbreak in Edo state, Nigeria. Sci Rep. 
2020;10(1):1–6. https://doi.org/10.1038/s41598- 020- 
59880- w.

Bartsch S. The global fund to fight AIDS, tuberculosis 
and malaria. Global health governance and the fight 
against HIV/AIDS. Springer; 2007. p. 146–71.

Beyeler N, Fewer S, Yotebieng M, Yamey G. Improving 
resource mobilisation for global health R&D: a role 
for coordination platforms? BMJ Glob Health. 
2019;4(1):e001209.

Bhargava VK.  The role of  the international financial 
institutions in addressing global issues. Global 
issues for global citizens: an introduction to key 

761
28 Financing Emergency Research Response During Infectious Disease Outbreaks: ...

https://ace.aau.org/#:~:text=The Africa Higher Education Centers,, Agriculture, applied Social Science /
https://ace.aau.org/#:~:text=The Africa Higher Education Centers,, Agriculture, applied Social Science /
https://ace.aau.org/#:~:text=The Africa Higher Education Centers,, Agriculture, applied Social Science /
https://ace.aau.org/#:~:text=The Africa Higher Education Centers,, Agriculture, applied Social Science /
https://ace.aau.org/#:~:text=The Africa Higher Education Centers,, Agriculture, applied Social Science /
https://www.arc.int/
https://www.arc.int/
https://doi.org/10.1038/s41598-020-59880-w
https://doi.org/10.1038/s41598-020-59880-w


 

development challenges. Washington, DC: World 
Bank; 2006.

Bloom DE, Cadarette D, Ferranna M, Hyer RN, 
Tortorice DL. How new models of  vaccine develop-
ment for COVID-19 have helped address an epic 
public health crisis. Health Aff  (Millwood). 
2021;40(3):410–8. https://doi.org/10.1377/
hlthaff.2020.02012.

Carpenter S, Bhadelia N. Maximum containment infec-
tious disease laboratories as an integral part of 
emergency preparedness and emergency response. 
In: Singh SK, Kuhn J, editors. Defense against bio-
logical attacks. 1st ed. New  York: Springer; 2019. 
p. 125–44.

CEPI.  CEPI creates new collaborative taskforce to 
assess impact of  emerging viral strains on effective-
ness of  COVID-19 vaccines. Oslo: Coalition for 
Epidemic Preparedness Innovations; 2020. https://
cepi. net/news_cepi/cepi- creates- new- collaborative- 
taskforce- to- assess- impact- of- emerging- viral- 
strains- on- effectiveness- of- covid- 19- vaccines/. 
Accessed 15 Apr 2022.

Chatelain E, Ioset JR. Drug discovery and development 
for neglected diseases: the DNDi model. Drug Des 
Devel Ther. 2011;5:175–81. https://doi.org/10.2147/
dddt.S16381.

Gavi. Market shaping goal. 2019. https://www. gavi. org/
our- alliance/strategy/phase- 4- 2016- 2020/market- 
shaping- goal. Accessed 19 Feb 2020.

GHS Index. 2021 Global health security index. 
Washington, DC: Nuclear Threat Initiative; 2021. 
https://www. ghsindex. org/. Accessed 19 Nov 2022.

Global Fund. Market shaping strategy. 2019. https://
www.theglobalfund.org/media/5798/core_market-
shaping_strategy_en.pdf ?u=637166000390000000. 
Accessed 4 Aug 2024.

Gobat N, Amuasi J, Yazdanpanah Y, Sigfid L, Davies H, 
Byrne J-P, et al. Advancing preparedness for clinical 
research during infectious disease epidemics. ERJ 
Open Res. 2019;5:00227-2018.

Gostin LO, Mundaca-Shah CC, Kelley PW. Neglected 
dimensions of  global security: the global health risk 
framework commission. JAMA. 
2016;315(14):1451–2.

GPMB.  A world at risk: annual report on global pre-
paredness for health emergencies. Geneva: Global 
Preparedness Monitoring Board, World Health 
Organization; 2019.

GPMB. From worlds apart to a world prepared: Global 
Preparedness Monitoring Board report 2021. 
Geneva: World Health Organization, GPM Board; 
2021.

Hall W, Jamieson A, Wardle G.  Advancing epidemics 
R&D to keep up with a changing world: progress, 
challenges, and opportunities. London: Wellcome 
Trust; 2019.

Hatchett R, Lurie N. Outbreak response as an essential 
component of  vaccine development. Lancet Infect 
Dis. 2019;19(11):e399–403. https://doi.org/10.1016/
s1473- 3099(19)30305- 6.

Infante M, Ricordi C, Alejandro R, Caprio M, Fabbri 
A. Hydroxychloroquine in the COVID-19 pandemic 
era: in pursuit of  a rational use for prophylaxis of 
SARS-CoV-2 infection. Expert Rev Anti Infect 
Ther. 2021;19(1):5–16.

International Vaccines Task Force. Money and 
microbes: strengthening clinical research capacity to 
prevent epidemics. Washington, DC: World Bank; 
2018.

Ioset J-R, Chang S. Drugs for neglected diseases initia-
tive model of  drug development for neglected dis-
eases: current status and future challenges. Future 
Med Chem. 2011;3(11):1361–71. https://doi.
org/10.4155/fmc.11.102.

Islamic Development Bank. Development effectiveness 
report. 2021.

Johnson H.  GAVI support for yellow fever diagnostic 
capacity. Geneva: Gavi, the Vaccine Alliance; 2018.

Kennedy SB, Neaton JD, Lane HC, Kieh MWS, 
Massaquoi MBF, Touchette NA, et  al. 
Implementation of  an Ebola virus disease vaccine 
clinical trial during the Ebola epidemic in Liberia: 
design, procedures, and challenges. Clin Trials 
(London, England). 2016;13(1):49–56. https://doi.
org/10.1177/1740774515621037.

Lan G, Blom A, Kamalski J, Lau G, Baas J, Adil M. A 
decade of  development in sub-Saharan African sci-
ence, technology, engineering and mathematics 
research. Elsevier, World Bank; 2014.

Leigh J, Moon S, Garcia E, Fitzgerald G.  Is global 
capacity to manage outbreaks improving? The 
Graduate Institute of  International and 
Development Studies, Global …; 2018.

Lie RK, Miller FG.  Allocating a COVID-19 vaccine: 
balancing national and international responsibili-
ties. Milbank Q. 2020;99:450. https://doi.
org/10.1111/1468- 0009.12494.

Lurie N, Keusch GT, Dzau VJ.  Urgent lessons from 
COVID 19: why the world needs a standing, coordi-
nated system and sustainable financing for global 
research and development. Lancet. 
2021;397(10280):1229–36. https://doi.org/10.1016/
S0140- 6736(21)00503- 1.

Malhame M, Baker E, Gandhi G, Jones A, Kalpaxis P, 
Iqbal R, et  al. Shaping markets to benefit global 
health—a 15-year history and lessons learned from 
the pentavalent vaccine market. Vaccine X. 
2019;2:100033.

Marotta D, Mark M, Blom A, Thorn K. Human capi-
tal and university-industry linkages’ role in foster-
ing firm innovation: an empirical study of  Chile 
and Colombia. Washington, DC: World Bank, 
Latin American and the Caribbean Region 
HDSU; 2007. Report No.: 1813-9450, Contract 
No.: 4443.

McDade KK, Kraus J, Petitjean H, Schrade C, Fewer S, 
Beyeler N, et  al. Aligning multilateral support for 
global public goods for health under the Global 
Action Plan. Durham, NC: Center for Policy Impact 
in Global Health; 2019.

762 M. A. Pate and S. Bali

https://doi.org/10.1377/hlthaff.2020.02012
https://doi.org/10.1377/hlthaff.2020.02012
https://cepi.net/news_cepi/cepi-creates-new-collaborative-taskforce-to-assess-impact-of-emerging-viral-strains-on-effectiveness-of-covid-19-vaccines/
https://cepi.net/news_cepi/cepi-creates-new-collaborative-taskforce-to-assess-impact-of-emerging-viral-strains-on-effectiveness-of-covid-19-vaccines/
https://cepi.net/news_cepi/cepi-creates-new-collaborative-taskforce-to-assess-impact-of-emerging-viral-strains-on-effectiveness-of-covid-19-vaccines/
https://cepi.net/news_cepi/cepi-creates-new-collaborative-taskforce-to-assess-impact-of-emerging-viral-strains-on-effectiveness-of-covid-19-vaccines/
https://doi.org/10.2147/dddt.S16381
https://doi.org/10.2147/dddt.S16381
https://www.gavi.org/our-alliance/strategy/phase-4-2016-2020/market-shaping-goal
https://www.gavi.org/our-alliance/strategy/phase-4-2016-2020/market-shaping-goal
https://www.gavi.org/our-alliance/strategy/phase-4-2016-2020/market-shaping-goal
https://www.ghsindex.org/
https://www.theglobalfund.org/media/5798/core_marketshaping_strategy_en.pdf?u=637166000390000000
https://www.theglobalfund.org/media/5798/core_marketshaping_strategy_en.pdf?u=637166000390000000
https://www.theglobalfund.org/media/5798/core_marketshaping_strategy_en.pdf?u=637166000390000000
https://doi.org/10.1016/s1473-3099(19)30305-6
https://doi.org/10.1016/s1473-3099(19)30305-6
https://doi.org/10.4155/fmc.11.102
https://doi.org/10.4155/fmc.11.102
https://doi.org/10.1177/1740774515621037
https://doi.org/10.1177/1740774515621037
https://doi.org/10.1111/1468-0009.12494
https://doi.org/10.1111/1468-0009.12494
https://doi.org/10.1016/S0140-6736(21)00503-1
https://doi.org/10.1016/S0140-6736(21)00503-1


Moon S, Sridhar D, Pate MA, Jha AK, Clinton C, 
Delaunay S, et al. Will Ebola change the game? Ten 
essential reforms before the next pandemic. The 
report of  the Harvard-LSHTM Independent Panel 
on the Global Response to Ebola. Lancet. 
2015;386(10009):2204–21.

NASEM.  Integrating clinical research into epidemic 
response: the Ebola experience. Washington, DC: 
National Academies of  Sciences Engineering and 
Medicine Publications, The National Academies 
Press; 2017.

NASEM. Exploring lessons learned from a century of 
outbreaks: readiness for 2030: proceedings of  a 
workshop. Washington, DC: National Academies 
of  Sciences Engineering and Medicine Publications, 
The National Academies Press; 2019.

Nkengasong JN, Maiyegun O, Moeti M.  Establishing 
the Africa Centres for Disease Control and 
Prevention: responding to Africa’s health threats. 
Lancet Glob Health. 2017;5(3):e246–7. https://doi.
org/10.1016/s2214- 109x(17)30025- 6.

Office of  the UN Special Envoy on Ebola. Resources for 
results V. 2016 (1 Sep 2014–31 Oct 2015).

Oroxom R, Glassman A. Vaccine introduction and cov-
erage in Gavi-supported countries 2015–2018: 
implications for Gavi 5.0. 2019.

Pandemic Preparedness Partnership. 100 days mission 
to respond to future pandemic threats: reducing the 
impact of  future pandemics by making diagnostics, 
therapeutics and vaccines available within 100 days: 
a report to the G7. London: G7 United Kingdom 
2021; 2021.

Perkins MD, Dye C, Balasegaram M, Bréchot C, 
Mombouli J-V, Røttingen J-A, et al. Diagnostic pre-
paredness for infectious disease outbreaks. Lancet. 
2017;390(10108):2211–4.

Ralaidovy AH, Adam T, Boucher P. Resource allocation 
for biomedical research: analysis of  investments by 
major funders. Health Res Policy Syst. 2020;18(1):20. 
https://doi.org/10.1186/s12961- 020- 0532- 0.

Reiss J.  Public goods. In: Zalta EN, editor. Stanford 
encyclopedia of  philosophy. Stanford, CA: 
Metaphysics Research Lab, Stanford University; 
2021.

Reynolds CA.  World Bank Group’s support to the 
Ebola virus response effort. BMJ. 2015;350:h1283.

SATBHSS Project Brochure. African Union 
Development Agency, Johannesburg. 2021.

Schemm Y.  Africa doubles research output, moves 
toward knowledge-based economy-what factors are 
driving the increase in scientific research being con-
ducted by African scientists. Res Trends. 
2013;35:1–4.

Schnabel L, Glassman A.  Gavi from the country per-
spective: assessing key challenges to effective part-
nership. Center for Global Development; 2019.

Simpkin V, Namubiru-Mwaura E, Clarke L, Mossialos 
E. Investing in health R&D: where we are, what lim-
its us, and how to make progress in Africa. BMJ 
Glob Health. 2019;4(2):e001047. https://doi.
org/10.1136/bmjgh- 2018- 001047.

Sridhar D, Winters J, Strong E. World Bank’s financing, 
priorities, and lending structures for global health. 
BMJ. 2017;358:j3339.

Sunyoto T.  Partnerships for better neglected disease 
drug discovery and development: how have we 
fared? Expert Opin Drug Discov. 2020;15(5):531–7. 
https://doi.org/10.1080/17460441.2020.1736550.

Swarup R, Sharma A, Logani JM.  Building a robust 
ecosystem for vaccine research in India. Int J Infect 
Dis. 2019;84:S7–9.

Torreele E, Usdin M, Chirac P. A needs-based pharma-
ceutical R&D agenda for neglected diseases. 
Geneva: World Health Organization; 2004.

Trouiller P, Olliaro P, Torreele E, Orbinski J, Laing R, 
Ford N. Drug development for neglected diseases: a 
deficient market and a public-health policy failure. 
Lancet. 2002;359(9324):2188–94. https://doi.
org/10.1016/S0140- 6736(02)09096- 7.

UNAIDS, AVAC.  Good participatory practice: guide-
lines for biomedical HIV prevention trials. Geneva: 
Joint United Nations Programme on HIV/AIDS 
(UNAIDS); 2007.

UNAIDS, WHO. Ethical considerations in biomedical 
HIV prevention trials: UNAIDS/WHO guidance 
document. Geneva: Joint United Nations 
Programme on HIV/AIDS (UNAIDS); 2021. p. 70.

WBG. Financial intermediary funds in the World Bank 
Group. In: Finance WBGD, editor. World Bank 
Group; 2014.

WBG.  From panic and neglect to investing in health 
security: financing pandemic preparedness at a 
national level. Washington, DC: World Bank. 
Preparedness IfF; 2017.

WBG.  Financial intermediary funds: a unique instru-
ment in the aid architecture. Trust fund reform brief. 
World Bank Group; 2019.

WBG. Pandemic Fund. Washington, DC: World Bank 
Group; 2022. https://www. worldbank. org/en/pro-
grams/financial- intermediary- fund- for- pandemic- 
prevention- preparedness- and- response- ppr- fif. 
Accessed 22 Nov 2022.

WHO. International Health Regulations (2005). 3rd ed. 
Geneva: World Health Organzation; 2016.

WHO. A strategic framework for emergency prepared-
ness. Geneva: World Health Organization; 2017.

WHO.  WHO’s work in emergencies: prepare, prevent, 
detect and respond: annual report 2018. World 
Health Organization; 2019.

WHO. The Access to COVID-19 Tools (ACT) accelera-
tor. Geneva: World Health Organization; 2022a. 
https://www. who. int/initiatives/act- accelerator. 
Accessed 19 Nov 2022.

WHO.  WHO COVID-19 solidarity therapeutics trial. 
Geneva: World Health Organization; 2022b. https://
w w w.  wh o.  i n t / e m e rg e n c i e s / d i s e a s e s / n ove l - 
coronavirus-  2019/global-  research- on- novel- 
c o r o n a v i r u s -  2 0 1 9 -  n c o v /
solidarity- clinical- trial- for- covid- 19- treatments. 
Accessed 7 Sep 2022.

WHO.  WHO COVID-19 solidarity trial vaccines. 
Geneva: World Health Organization; 2022c. https://

763
28 Financing Emergency Research Response During Infectious Disease Outbreaks: ...

https://doi.org/10.1016/s2214-109x(17)30025-6
https://doi.org/10.1016/s2214-109x(17)30025-6
https://doi.org/10.1186/s12961-020-0532-0
https://doi.org/10.1136/bmjgh-2018-001047
https://doi.org/10.1136/bmjgh-2018-001047
https://doi.org/10.1080/17460441.2020.1736550
https://doi.org/10.1016/S0140-6736(02)09096-7
https://doi.org/10.1016/S0140-6736(02)09096-7
https://www.worldbank.org/en/programs/financial-intermediary-fund-for-pandemic-prevention-preparedness-and-response-ppr-fif
https://www.worldbank.org/en/programs/financial-intermediary-fund-for-pandemic-prevention-preparedness-and-response-ppr-fif
https://www.worldbank.org/en/programs/financial-intermediary-fund-for-pandemic-prevention-preparedness-and-response-ppr-fif
https://www.who.int/initiatives/act-accelerator
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-clinical-trial-for-covid-19-treatments
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-trial-of-covid-19-vaccines


w w w.  wh o.  i n t / e m e rg e n c i e s / d i s e a s e s / n ove l - 
coronavirus-  2019/global-  research- on- novel- 
c o r o n a v i r u s -  2 0 1 9 -  n c o v /
solidarity- trial- of- covid- 19- vaccines. Accessed 7 
Sep 2022.

Widdowson MA, Schrag SJ, Carter RJ, Carr W, 
Legardy-Williams J, Gibson L, et al. Implementing 
an Ebola vaccine study—Sierra Leone. MMWR 
Suppl. 2016;65(3):98–106. https://doi.org/10.15585/
mmwr.su6503a14.

World Bank. Drug-resistant infections: a threat to our 
economic future. World Bank Group; 2017.

World Bank. Money and microbes: strengthening clini-
cal research capacity to prevent epidemics. 
Washington, DC: World Bank Group; 2018.

World Bank. FIF framework update. Washington, DC: 
World Bank; 2019a.

World Bank. Implementation completion and results 
report on a small grant in the amount of  usd 
3,593,757 to the International AIDS Vaccine 
Initiative for support to research and development 
at the International AIDS Vaccine Initiative. 
Washington, DC: Health NPGP; 2019b. Report 
No.: <TF0A4434>, Contract No.: ICR00004605.

World Bank. Pandemic emergency financing facility. 
Washington, DC: World Bank; 2019c. https://www. 
worldbank. org/en/topic/pandemics/brief/pandemic- 
emergency- financing- facility. Accessed 15 Jan 2020.

World Bank. Health emergency preparedness and 
response (HEPR) umbrella program. 2021.

World Bank. Annual report 2021—health emergency 
preparedness and response umbrella program. 
2022a.

World Bank. Innovate in India for inclusiveness. 
Washington, DC: World Bank; 2022b. https://
projects. worldbank. org/en/projects- operations/
project- detail/P156241. Accessed 22 Nov 2022.

World Bank. Preventing, preparing for, and responding 
to disease outbreaks and pandemics—future direc-
tions for the World Bank Group. Washington, DC: 
World Bank; 2023.

Yamey G, Schaferhoff  M, Pate M, Chawla M, Ranson 
K, Zhao F, et  al. Funding the development and 
manufacturing of  COVID-19 vaccines. Brookings 
Institution; 2020.

Zerhouni E.  GAVI, the Vaccine Alliance. Cell. 
2019;179(1):13–7.

 

Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons. org/licenses/by/4. 0/), which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons license and indicate if  changes were 
made.

The images or other third party material in this chapter are included in the chapter's Creative Commons 
license, unless indicated otherwise in a credit line to the material. If  material is not included in the chap-
ter's Creative Commons license and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder.

764 M. A. Pate and S. Bali

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-trial-of-covid-19-vaccines
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-trial-of-covid-19-vaccines
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-trial-of-covid-19-vaccines
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/global-research-on-novel-coronavirus-2019-ncov/solidarity-trial-of-covid-19-vaccines
https://doi.org/10.15585/mmwr.su6503a14
https://doi.org/10.15585/mmwr.su6503a14
https://www.worldbank.org/en/topic/pandemics/brief/pandemic-emergency-financing-facility
https://www.worldbank.org/en/topic/pandemics/brief/pandemic-emergency-financing-facility
https://www.worldbank.org/en/topic/pandemics/brief/pandemic-emergency-financing-facility
https://projects.worldbank.org/en/projects-operations/project-detail/P156241
https://projects.worldbank.org/en/projects-operations/project-detail/P156241
https://projects.worldbank.org/en/projects-operations/project-detail/P156241
http://creativecommons.org/licenses/by/4.0/


© This is a U.S. Government work and not under copyright protection in the U.S.; foreign 
copyright protection may apply 2024
E. S. Higgs and R. A. Sorenson (eds.), Principles and Practice of Emergency Research Response,  
https://doi.org/10.1007/978-3-031-48408-7_42

29 International 
Collaboration to Advance 
Research Preparedness 
and Response
Amanda Rojek and Gail Carson

Contents

1   Introduction – 766

2   The Reality of Insufficient International  
Collaboration – 767

2.1  Uncoordinated, Inequitable Use of Resources – 767
2.2  Political Tensions and Lack of Trust – 767
2.3  Lack of Standardized Case Report Forms for Disease  

Characterization and Identification of Prognostic  
Indicators in Observational Research – 767

2.4  Fractured Response to the 2009 H1N1 Influenza  
Pandemic – 769

3   Improved Clinical Research Through International 
Collaboration – 770

3.1  “Sleeping” Protocol Model – 770
3.2  Adaptive Platform Clinical Trials – 772

4   Preparedness for Global Research Response – 773
4.1  Coordination of Research Funding – 773
4.2  Interdisciplinary Collaboration – 774

5   Conclusion – 776

 References – 776

Learning Track Note: This chapter appears in Learning Tracks: Global Health; Health Policy, 
Multilateral Cooperation, International Governance; Preparedness
Case studies: Kenneth Ballie, Lennie Derde, Alice Norton and Lina Moses

765

https://doi.org/10.1007/978-3-031-48408-7_42#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-48408-7_42&domain=pdf


 

Principiis obsta; sero medicina paratur cum 
mala per longas convaluere moras.
Stop it at the start; it is late to prepare medicine 
when disease has grown strong by long delay.
—Ovid, “Remedia Amoris,” ll. 91–92

Learning Objectives
This chapter should enable readers to under-
stand and discuss:

 5 The value of international collaborations in 
research responses to public health outbreaks.

 5 Barriers to optimal collaboration and 
mechanisms to overcome them, based on 
lessons from COVID-19 and earlier pan-
demics.

 5 Factors that limit international and inter-
sectoral collaboration.

 5 Risks associated with inadequate infrastruc-
ture for response to health emergencies.

 5 Conclusions of a systemic review of clinical 
research efforts during the 2009 H1N1 
influenza pandemic.

 5 Some design features of the International 
Severe Acute Respiratory and Emerging 
Infection Consortium (ISARIC) Clinical 
Characterization Protocol (CPP).

 5 Examples of adaptive clinical trial plat-
forms.

1  Introduction

Outbreak responses are interdisciplinary by 
nature; therefore, preparedness for a research 
response must be interdisciplinary and multi-
sectoral. Since our continued global vulnerabil-
ity to infectious diseases is clear, collaborations 
to coordinate solutions across traditional geo-
graphical and specialty boundaries are critical. 
Preparedness and response, too, must be 
approached not as separate domains but as a 
spectrum of required activities, evolving as we 
develop new tools, countermeasures, and meth-
odologies. At the heart of our efforts are the 
affected communities, especially those deemed 
vulnerable or hard to reach.

At their best, such international collabo-
rations can provide rapid and robust 
answers to key scientific questions because 
they:

 5 Use the breadth of experience and exper-
tise of the collaborators, including practi-
tioners who are the first to treat patients 
afflicted with a new or re-emerging infec-
tion and those who have global expertise 
in a pathogen family or in clinical trial 
design or conduct. Diverse investigators 
working together are not only more likely 
to devise an effective approach to prob-
lems; they also help ensure that study data 
and samples meet shared aims and stan-
dards of different disciplines without 
duplication.

 5 Harness larger populations for research 
recruitment and adapt to shifts in disease 
epidemiology during enrollment periods 
(e.g., international spread of cases or 
changing viral phenotype). Furthermore, 
the faster study recruitment requirements 
can be met, the faster a vaccine, therapy, or 
diagnostic device (VTD) in development 
can be adopted if  found safe and effec-
tive—or abandoned for the next most 
promising option if  not.

 5 Prevent unnecessary duplication. Better 
collaboration and coordination in a 
future outbreak could prevent some of 
the mishaps of  the early COVID-19 pan-
demic, such as the uncoordinated prolif-
eration of  trials, many of  them either 
poorly designed or without enough 
research participants to reach statistically 
valid conclusions (Bugin and Woodcock 
2021), leading to subsequent use of  ther-
apies like hydroxychloroquine and iver-
mectin, which better-designed trials 
found not to be efficacious (Lee et  al. 
2021; Naggie et al. 2022).

 5 Produce inclusive evidence that represents 
all populations, especially vulnerable pop-
ulations and those often overlooked in 
data collection.
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2  The Reality of Insufficient 
International Collaboration

2.1  Uncoordinated, Inequitable 
Use of Resources

During the COVID-19 pandemic, the initial 
level of international collaboration was less 
than ideal, with unwise and uncoordinated use 
of research resources characterizing much of 
the early research response. Over time, the ini-
tiative of several leading global health agencies 
brought better planning and coordination to 
bear on the developing COVID-19 research 
agenda. These included the World Health 
Organization (WHO); Gavi, the Vaccine 
Alliance; and the Coalition for Epidemic 
Preparedness Innovations (CEPI), all of which 
cosponsored the Access to COVID-19 Tools 
Accelerator (ACT-A) and COVID-19 Vaccines 
Global Access (COVAX). WHO convened 
COVID-19 research agenda meetings, the first 
of them in collaboration with the Global 
Research Collaboration for Infectious Disease 
Preparedness and Response (GloPID R) 
(WHO 2020). WHO also led several clinical 
research studies under the name Solidarity, 
bringing together numerous sites from all over 
the world under one protocol (WHO 2022a, b).

There is no single answer to the question of 
what limits international collaboration. At a 
study level, investigators—particularly those 
from resource-poor settings or new to outbreak 
research—may in some instances not be linked 
into or even aware of international consortia 
or coordination and standardization mecha-
nisms, such as those available through 
WHO.  Unfortunately, traditional academic 
paradigms for recognizing contributions to sci-
entific articles can motivate investigators or 
institutions to limit collaboration and the num-
ber of listed authors to improve their academic 
standing. Even large consortia may have juris-
dictional limitations. Funders, for example, 
may limit their remit to a particular geographi-
cal area; incompatible regulatory requirements 
for trials or for drug or vaccine licensing 
between regions may also limit collaboration. 
Underlying inequity between rich and poor, 

both within and among nations, manifested 
itself in various ways from the start of the 
COVID-19 pandemic. While it can be argued 
that national governments’ first obligation is to 
their citizens, some higher-income countries 
acted to secure excess COVID-19 vaccine sup-
plies through market power and export con-
trols to an extent dubbed vaccine nationalism 
(Bollyky and Brown 2020; Emanuel et al. 2020; 
Lie and Miller 2020).

2.2  Political Tensions and Lack 
of Trust

Moreover, political tensions between coun-
tries and lack of trust between countries and 
multi-lateral institutions can also limit col-
laboration, particularly for drug and vaccine 
pre-clinical and clinical research and subse-
quent equitable access to VTD.  The global 
scientific enterprise should be able to rise 
above parochialism to benefit the global 
health ecosystem comprehensively. Some of 
the WHO and 2022 World Bank–proposed 
frameworks may facilitate a lift for science 
and specifically address the spectrum of pre-
paredness into an early response.

2.3  Lack of Standardized Case 
Report Forms for Disease 
Characterization 
and Identification 
of Prognostic Indicators 
in Observational Research

The risks of  a fractured research infrastruc-
ture and delayed research implementation are 
clear. With respect to observational data, the 
2014–2016 Ebola virus disease (EVD) epi-
demic in West Africa demonstrates the bene-
fits of  standardized and harmonized case 
report forms and the harmful clinical impli-
cations of  their absence. During this out-
break, WHO used standardized case 
reporting forms for listing symptoms at pre-
sentation, which helped improve historical 
descriptions of  the Ebola virus disease phe-
notype (e.g.,  correcting overemphasis on 
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hemorrhagic manifestations and rash). They 
have also been instrumental in recalibrating 
incubation periods, serial intervals, and case 
fatality rate (Agua-Agum et  al. 2015). 
However, these forms were almost exclusively 
used for admission and outcome, not to fol-
low the progression of  symptoms or develop-
ment of  complications; that is, they had an 
epidemiological rather than clinical focus. A 
systematic review and meta-analysis of  clini-
cal data from that outbreak revealed a strik-
ing duplication of  effort and lack of 
harmonization. Over 80% (28/34) of  articles 

reviewed reported duplicate or overlapping 
data, something acknowledged in only one of 
the publications. Individual patient data was 
rarely available (two articles), and pooling of 
data was impossible due to heterogeneity in 
categorization of  data. For example, age 
ranges were defined differently across all but 
two articles; among 15 peer-reviewed manu-
scripts that reported viral load, 10 different 
categorization systems were used (Rojek et al. 
2019). The consequences include a lack of 
clarity about important clinical indices, such 
as predictors of  mortality. . Figure 1 shows 

       . Fig. 1 Reported predictors of  mortality for patients 
with laboratory confirmed Ebola virus disease (EVD). 
Asterisk indicates if  an association on univariate analy-

sis is not supported by multivariate analysis. VL viral 
load, Ct cycle threshold, Rx treatment (Rojek et  al. 
2019)
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the diversity of  reporting methods for predic-
tors of  mortality in patients with EVD from 
the West Africa outbreak.

2.4  Fractured Response 
to the 2009 H1N1 Influenza 
Pandemic

With respect to clinical trials, the 2009 H1N1 
influenza pandemic illustrates the risks of  a 
fractured response. During this pandemic, 
various treatments, including neuraminidase 
inhibitors (e.g., oseltamivir), were widely 
used to treat patients. However, a systematic 
review of  clinical research outputs (. Fig. 2) 
strikingly found that despite the large num-
ber of  patients treated, fewer than 600 hospi-

talized patients were enrolled in clinical trials 
that published their results; none of  the 
results were available before the public health 
emergency ended over a year later (Rojek 
et al. 2020). All the studies were insufficiently 
sized and had inadequate power for assess-
ing antiviral efficacy. Consequently, consid-
erable controversy remains regarding the 
efficacy of  these drugs, with implications not 
only for clinical practice but also for deci-
sions about stockpiling potential pandemic 
influenza treatments. Notably, most of  the 
few patients enrolled in these clinical trials 
were also enrolled in already established sea-
sonal influenza or severe acute respiratory 
infection studies, a model which has been 
built upon significantly in the following 
years.
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       . Fig. 2 Findings from a systematic review of  clinical 
studies describing treatment of  H1N1 pandemic influ-
enza. Studies are shown according to type of  study and 
number of  treatment courses described. The pandemic 

period ranges from April 1, 2009, to the end of  the 
PHEIC on August 10, 2009. Previously published 
(Rojek et al. 2020). (CC 4.0 Open)
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3  Improved Clinical Research 
Through International 
Collaboration

There has been substantive progress in inter-
national collaboration since the 2009 H1N1 
influenza pandemic. In the rest of this chap-
ter, we examine several examples (case stud-
ies) of impactful clinical research during the 
COVID-19 pandemic and draw conclusions 
highlighting how international collaboration 
to improve preparedness is a key driver for an 
improved clinical research response.

3.1  “Sleeping” Protocol Model

During the WHO clinical management 
research prioritization meeting for COVID-19 
held in January 2020, the priority was identi-
fied as harmonized clinical characterizations 
research (ISARIC 2020b). The International 
Severe Acute Respiratory and Emerging 
Infection Consortium (ISARIC) case- 
reporting forms are an example of success in 
this space. ISARIC was born in 2011  in the 
aftermath of the inadequate clinical research 
response to the 2009 H1N1 influenza pan-
demic. The ISARIC model uses a “sleeping” 

protocol model (whereby the protocol is 
approved but awaits disease outbreak patients 
to be “woken up”). The first ISARIC pre- 
approved observational study protocol is the 
ISARIC-WHO Clinical Characterization 
Protocol (CCP) (ISARIC 2020a). The CCP 
has been implemented in response to various 
emerging pathogen threats since 2012. It was 
adapted for COVID-19 and launched via the 
ISARIC Web site on January 24, 2020 
(. Fig. 3).

The following design features of the 
ISARIC CCP encourage international col-
laboration and offer benefits and advantages.

 5 Use of a modular protocol adaptable to 
available resources.

 5 Recognizing and citing all data- contributing 
sites as manuscript contributors.

 5 Mandate for all analyses using interna-
tional data to be led by or to include one 
or more investigators from low- or middle- 
income countries.

 5 Frequent collaborator calls to accommo-
date multiple time zones.

 5 Preparation of some resources in lan-
guages other than English.

 5 A scientific advisory board to help define 
the research agenda.

 5 A data-sharing model allowing contribut-
ing sites to continue to own their data.

       . Fig. 3 Unlike fairy-tale princesses, sleeping protocols are not meant to slumber for a century. (Edward Burne-
Jones, ca. 1890)
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 5 Annual collaborator meetings during 
interpandemic periods to share research 
and build collaboration and interpersonal 
connections.

 5 Opportunities for academic exchange.
 5 Focus on core research activities and out-

break research response.
 5 Strong, enduring links with WHO and 

national public health institutions.

The UK branch, known as ISARIC4C (Com-
prehensive Clinical Characterization Collabo-
ration), has undertaken the COVID- 19 
research efforts described in 7 Case Study 1, 
illustrating how research preparedness embed-
ded within a health system—the UK National 
Health Service (NHS) and the National Insti-
tute for Health Research (NIHR)—responded 
effectively (ISARIC 2020a).

 Case Study 1

 Initial COVID-19 Observational Research 
in the UK

In 2012, after years of international and cross-
specialty consensus-building, a single, stan-
dardized generic research protocol was created 
for clinical characterization of any emerging 
infection (Dunning et  al. 2014). These tools 
were released under an open- source license so 
anyone may download and use, adapt, or dis-
tribute them.

The original reports on COVID-19 clinical 
findings utilized these harmonized data collec-
tion tools (Huang et al. 2020; Yang et al. 2020). 
We established the CCP as a “sleeping proto-
col” across the majority of hospitals in the UK 
in 2012, obtaining approval from both the insti-
tutional review board (IRB), aka research eth-
ics committee (REC), and hospital manage-
ment. The protocol was activated in February 
2020 under the banner of the ISARIC4C 
COVID-19 Clinical Information Network, in 
time to recruit the first cases of COVID-19 in 
the UK (Docherty et al. 2020).

This rapid activation enabled the ISARIC4C 
study to obtain critical samples to facilitate vac-
cine development, define international standards 
for serology assays, and record initial observa-
tions on disease course and patient response to 
symptomatic treatment. By establishing data 
collection across much of the NHS, with con-

temporaneous data analytics at the UK Out-
break Data Analysis Platform, the ISARIC4C 
study enabled outbreak  monitoring in UK hos-
pitals and identification of disease key clinical 
features, prognostic markers, transmission in 
hospitals, and host genetics underlying suscepti-
bility. By November 2021, the ISARIC4C study 
had obtained structured data on 253,181 cases 
and published over 40 peer-reviewed papers.

The primary reason for the study’s success 
was not only the preparation but the active 
maintenance of the study during the interpan-
demic period through periodic trial activations 
of the protocol for other infectious diseases, 
enabling the team to identify technical and lo-
gistical challenges and overcome them. Some 
of the activations were planned, e.g., to capture 
severe acute respiratory infection (SARI) data; 
others were in response to diseases that met the 
eligibility criteria, e.g., Middle East respiratory 
syndrome (MERS) and mpox. The coordina-
tion and motivation of the UK National 
Health Service (NHS) to assist with research 
was a critical factor. The success of the study 
required a great deal of human labor to manu-
ally transcribe clinical details into case report 
forms. The investigators sincerely hope that be-
fore the next major pandemic a technological 
solution can automate this process.

Kenneth Baillie
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 Case Study 2

 REMAP-CAP

REMAP-CAP (7 Chap. 15) was set up with 
seed funding from the European Union Plat-
form for European Preparedness Against [Re-]
emerging Epidemics Consortium and had been 
enrolling patients using a novel type of ran-
domized controlled trial (RCT) since soon after 
it began in 2014 (Angus et al. 2020). It was spe-
cifically designed to pivot during a pandemic 
and investigate a novel or re-emerging caus-
ative pathogen, making any necessary adapta-
tions to the trial design. REMAP-CAP focused 
on international collaboration early on and was 
already active in 13 countries by January 2020 
when the severe acute respiratory syndrome 
coronavirus 2 (SARS- CoV- 2) emerged.

Before the COVID-19 pandemic, REMAP- 
CAP studied both new treatments and the 
comparative effectiveness of existing treat-
ments for community-acquired pneumonia 
(CAP). The underlying idea was to have a RCT 
running in “peacetime” and adapt it to the spe-
cific research needs of a future pandemic. To 
this end, an adaptive platform trial (APT) de-
sign was used as conventional RCT designs 
lack flexibility. The platform aspect of APT 
design means that under a single master proto-
col, multiple interventions can be investigated 
in parallel, rather than in series, improving ef-
ficiency and reducing costs. The adaptive de-
sign features allow quick learning, dropping 
ineffective interventions as soon as they reach a 
prespecified futility threshold and immediately 
adding interventions that reach prespecified 

thresholds for superiority to the standard of 
care. Novel interventions or groups of inter-
ventions (“domains”) can be added. Another 
 adaptive feature that can be incorporated is up-
dating the weights of randomization frequen-
cies so that more patients are randomized to 
interventions that show evidence of greater 
promise, known as “response adaptive ran-
domization.” The trial uses a Bayesian statisti-
cal framework to support the design (7 Chaps. 
22 and 23).

By early 2020, REMAP-CAP was active 
across 52 sites in Europe (including the UK), 
Australia, New Zealand, and Canada and was 
recruiting into four different domains (empiric 
antibiotics, macrolides, influenza antivirals, 
and corticosteroids) investigating CAP treat-
ments. About 450 patients had been enrolled 
globally. The study adapted, as planned, for the 
COVID- 19 pandemic. The first COVID-19 pa-
tient was included on March 9, 2020, 2  days 
before WHO declared the outbreak a pan-
demic.

By December 2021, REMAP-CAP has in-
vestigated a total of 50 current or completed 
interventions in 330 sites across the globe. In 
addition to the pre-pandemic regions, recruit-
ment is ongoing in the United States, Japan, 
Colombia, India, Nepal, and Pakistan. Over 
9000 patients have been randomized. The trial 
has contributed significantly to the treatment 
of hospitalized patients with COVID-19 as sev-
eral platform conclusions were reached.

Lennie Derde

3.2  Adaptive Platform Clinical 
Trials

Adaptive platform clinical trials have been 
used for some time in oncology. For out-
breaks, this trial design has the advantages of 
adaptability to emerging evidence on poten-
tial therapies and parallel enrollment, which 

meets urgent recruitment needs during some-
times brief  outbreak periods. An example of 
years of international collaboration involving 
data experts, statisticians, and critical care 
doctors focused on delivering for a pandemic 
is the Randomized Embedded Multifactorial 
Adaptive Platform Trial for Community- 
Acquired Pneumonia (REMAP-CAP).
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4  Preparedness for Global 
Research Response

Although at the time of  writing the world 
remains in the pandemic response phase, 
the threat of  other epidemics never goes 
away, and the frequency of  novel and re-
emerging pathogens in humans is increasing 
(Morens and Fauci 2020). Research readi-
ness and preparedness must continue for 
diseases other than COVID-19. 
Nevertheless, some questions arise. Is it suf-
ficient to prepare by implementing a sleep-
ing protocol, or is ongoing integration of 
the research into healthcare more effective? 
The success of  RECOVERY in the UK is 
witness to a pre-existing system with 
research integrated in the NHS and NIHR 
(Agua-Agum et al. 2015) at no cost to the 
UK public.

4.1  Coordination of Research 
Funding

Research does not happen without funding 
(7 Chap. 28 and In Focus 32.2). Here too, 
uncoordinated funding or funding by well-
meaning organizations without the expertise 
to ensure good trial design can result in dupli-
cative or wasteful resource use. The Global 
Research Collaboration for Infectious Disease 
Preparedness (GloPID-R) is a consortium of 
funders of research from all over the world. 
7 Case Study 3 provides an example of their 
work during the pandemic. The COVID-19 
Project Tracker jointly developed by the UK 
Collaborative on Development Research 
(UKCDR) and GloPID-R shows how a tool 
can help with research funding coordination, 
which may in turn lead to research collabora-
tion (GLOPID- R 2022).

 Case Study 3

 Organizing Funders to Avoid Duplication 
of Effort

Research funders recognize the need to coordi-
nate research funding to prevent duplicative 
research and improve the positive impact of 
their investments. Such coordination should 
not be limited to the COVID-19 pandemic but 
should occur during future infectious disease 
epidemics and pandemics as well as in other 
 continuing medical research. UKCDR and 
GloPID-R established the COVID-19 Project 
Tracker early in the pandemic to improve the 
visibility of research funding and its alignment 
with research priorities identified through the 
joint WHO and GloPID-R Research Forum 
and the resulting roadmap (WHO 2020). The 
tracker collates projects relating to COVID-19 
from funders around the world and codes these 
based on the WHO COVID-19 Roadmap. 
Launched in April 2020, the COVID-19 Re-
search Tracker is an online database that has 
grown to contain data on over 14,000 COVID-

19 research projects, representing more than 
$5.5 billion in funding from over 200 organi-
zations worldwide. By providing an overview 
of  research projects mapped against the pri-
orities identified in the COVID-19 Roadmap, 
the tracker aims to help funders and re-
searchers collaborate in the interest of  a 
more effective and coherent global research 
response. . Figure 4 suggests measures to bet-
ter prepare for the next outbreak with pan-
demic potential.

A comprehensive, cross-cutting analysis of 
the COVID-19 Research Project tracker data 
was established in the form of a living mapping 
review published on the Wellcome Open Re-
search platform to improve data use (Bucher 
et al. 2023). The tracker has been viewed over 
35,000 times and has informed funding deci-
sions across the globe. “R&D Preparedness 
Ecosystem” (Keusch and Lurie 2020) cited the 
COVID- 19 Project Tracker as instrumental “to 
insure maximum scientific output results,” 
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       . Fig. 4 Preparedness measures for researchers to consider. (Authors)

4.2  Interdisciplinary Collaboration

Community engagement, partnership build-
ing, political support, coordination, and pre-
paredness for primary care research studies, 
follow-up studies, and trial recruitment are 

critical to research success and will be covered 
in another chapter of this volume (7 Chap. 
18). Another form of outreach that is some-
times neglected is inter-disciplinary collabora-
tion, a primary goal of the Global Outbreak 
Alert and Response Network (GOARN).

while “COVID-19 Research and Innovation 
Achievements” noted its usefulness for “reach-
ing global funding decisions” (WHO 2021). 
With some funders now taking a longer-term 
view, we are collaborating with the Canadian 
Institutes of Health Research to map the 
COVID-19 Project Tracker to the UN Research 
Roadmap for the COVID- 19 recovery research 

priorities and to support the coordination of 
the research response to that framework (UN 
2020). The tracker data is also being used to 
further learn from the COVID-19 global fund-
ing response and improve global research poli-
cies and processes for future epidemics and 
pandemics.

Alice Norton
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 Case Study 4

 GOARN Operational Research

GOARN is a network of over 270 institutions 
and agencies dedicated to infectious disease 
outbreak response. For over 20 years, GOARN 
has leveraged the skills and resources of the 
network to provide technical and operational 
support for health emergencies all over the 
globe. Recent health emergencies, including the 
COVID-19 pandemic and the 2014–2016 Ebola 
epidemic in West Africa, have shown us that 
systematic studies embedded in response are 
not only feasible but an essential component of 
effective, evidence-based response (NASEM 
2017). This experience has also shown us that 
during health emergencies, research studies 
that are not embedded with local partners (re-
searchers and responders) can undermine local 
health research systems and lead to mistrust in 
research practices in  local communities (Hey-
mann et al. 2016). Recognizing the important 
role that research can play in improving out-
break response and the vulnerabilities in ensur-
ing equitable and collaborative research during 
crises, GOARN has expanded its mission in 
2017 to include operational research. The goal 
of GOARN Research is to leverage our multi-
disciplinary and multisectoral global network 
to support local and contextualized research to 
enable the best evidence-based practices in 
health emergency response. At the heart of this 
approach is enabling frontline responders and 
local communities experiencing the epidemic to 
generate and address their own evolving re-
search priorities.

While research to develop MCMs (vac-
cines, therapeutics, and diagnostics) is impor-
tant to combat epidemics, GOARN Research 
focuses on how these MCMs and other non-
pharmaceutical interventions are best imple-
mented in outbreak response using approaches 
from operational research and implementation 
science. GOARN Research activities support:

 5 Mobilization of researchers to conduct op-
erational research support during health 
emergencies.

 5 Utilization evidence from research findings 
to improve operationalized and imple-
mentable action.

 5 Identification of evidence gaps in response 
activities and country- and region-level re-
search prioritization.

 5 Advocacy for operational research and im-
plementation science with policy makers 
and funding agencies.

With its diverse partner institutions—public 
health agencies, large international humanitar-
ian organizations, and local academic part-
ners—GOARN is uniquely positioned to work 
with frontline responders and communities to 
identify research needs, link with GOARN 
members to support locally partnered research, 
and operationalize the link between research 
findings and feasible, effective action. This re-
quires GOARN Research to support mecha-
nisms to identify operational research ques-
tions at local, country, region, and global lev-
els. It also requires a system to identify existing 
and current research capacities across GOARN 
and match research expertise with local re-
searchers and responders to quickly roll out 
research that can have a timely impact on im-
proving preparedness, mitigating morbidity 
and mortality, curbing disease transmission, 
and ending outbreaks (hopefully before they 
become epidemics and pandemics). This col-
laborative system must meet many require-
ments, including equitable research partner-
ships, ethical review, data sharing, dissemina-
tion of findings and publications, and 
operationalization of research findings to im-
prove response. GOARN Research aims to el-
evate community- and country-led research 
that will rapidly and responsively transform 
operations. Such research may not make novel 
discoveries captured in the highest impact jour-
nals, but it can identify pragmatic, innovative, 
and adaptive improvements that can shift the 
tide of an epidemic.

Lina Moses
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5  Conclusion

One key lesson from the COVID-19 pandemic 
is that implementing harmonized research is 
easier than establishing isolated independent 
studies (ISARIC 2020b)—at least once the 
necessary preparedness steps have been taken. 
Furthermore, funding and support must be 
directed in a strategic manner to properly sup-
port the research that has the best chance of 
finding definitive solutions to pressing clinical 
and public health questions. . Figure 4 pro-
poses some measures researchers can under-
take to better prepare to facilitate international 
collaboration in future outbreaks.

? Discussion Questions
 1. At their best, how do international col-

laborations improve the timeliness and 
reliability of  research response in order 
to answer key scientific questions, 
whether or not there is an infectious 
disease emergency? Discuss some of 
the factors that limit international and 
intersectoral collaboration.

 2. Discuss some risks associated with lack 
of  research infrastructure for response 
to health emergencies, as in the 
2014–2016 Ebola virus disease epidemic 
in West Africa.

 3. The research efforts during the 2009 
H1N1 influenza pandemic did not gener-
ally implement well-designed and suffi-
ciently powered clinical trials. Why not? 
What did a systematic review of clinical 
research outputs for this pandemic reveal?

 4. List some of  the design features of  the 
ISARIC CCP, which encourages inter-
national collaboration. Provide and 
discuss an example of  (a) an adaptive 
platform for clinical trials or (b) 
research funders organizing to avoid 
duplication of  efforts during a pan-
demic research response.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 How partnerships including multi-national 
and inter-disciplinary stakeholders should 
be configured to address emerging infec-
tious diseases emergencies

 5 Successful partnership principles and rec-
ommendations for future research partner-
ships

 5 The roles of stakeholders in developing and 
conducting research in response to emerg-
ing infectious disease outbreaks

 5 The main points of the Council on Health 
Research for Development (COHRED) 
(2000) guidelines to promote fairness in 
research collaboration and partnership

 5 Issues that have hindered past partnerships 
and areas for improvement

 5 Integration and implementation successes 
and failures in the COVID-19 pandemic

 5 Recommendations drawn by the authors 
from previous crises

 5 Principles of efficient, equitable research 
partnerships

1  Introduction

Emerging and re-emerging infectious diseases 
(EIDs) can be defined as “infections that have 
newly appeared in a population or have existed 
but are rapidly increasing in incidence or geo-
graphic range” (Morse 1995). EIDs can be 
classified as newly emerging, re-emerging/
resurging, or deliberately introduced (Morens 
et al. 2004).

Despite continual, impressive progress in 
the development of new vaccines, diagnostics, 
and therapeutics, emerging infectious diseases 
remain a major health threat to human popu-
lations. The global response to these diseases 
has in recent decades been reactionary rather 
than precautionary, in part because they have 
not been seen as major threats in high- and 
middle-income countries. But even before the 
coronavirus disease 2019 (COVID-19) crisis, 
the past decade had seen an increasing num-
ber of outbreaks:

 5 Middle East respiratory syndrome corona-
virus (MERS-CoV) was identified in the 

Arabian Peninsula in 2012 and continues 
to be detected.

 5 Chikungunya, formerly an Old-World dis-
ease, appeared in the Caribbean and South 
America in 2013 and now appears to be 
established in the Americas.

 5 Ebola virus disease had not been detected 
in West Africa until the 2014–2016 epi-
demic there.

 5 Zika virus seems to have spread relatively 
slowly from Africa to East Asia, island 
hopped across the Pacific, and caused an epi-
demic in South America from 2015 to 2016.

Despite the clear warning provided by these 
recent events, the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV 2) demon-
strated that no country was prepared to face 
such a pandemic, despite assessments that 
showed high adherence to the International 
Health Regulations (2005) and other pre-
paredness measures to respond effectively to 
infectious disease threats (Haider et al. 2020). 
Further investments and coordination are 
clearly needed to enable a robust public health 
response and accelerated research into a 
pathogen of concern. Research covering a 
broad range is needed, including detection, 
mathematical modeling, disease diagnosis and 
characterization, and transmission. Prepara-
tions for coordinated, rigorous clinical 
research are also essential, especially since 
technical advances now allow for accelerated 
production of medical countermeasure 
(MCM) candidates. Behavioral and social sci-
ences provide guidance for implementing 
research and interventions. However, limited 
skills, expertise, and finance can inhibit lower-
resource countries from carrying out such 
necessary research. Broader societal and cul-
tural factors need to be carefully addressed to 
ensure international partnership based on 
confidence, fairness, and mutual benefit.

2  Partnership in Research

Public health crises demand partnerships on 
multiple dimensions:

 5 Interdisciplinary, multi-sectoral
 5 Entire government (within governments)
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 5 Multi stakeholder

 – Non-governmental organizations
 – Academia
 – Healthcare professionals
 – Community health and humanitarian 

workers
 – People in the community—the response 

backbone and the source of research 
participants

 – International organizations (World 
Health Organization [WHO] and oth-
ers)

 – Private sector including pharmaceutical 
companies

Partnership in health can be defined as a col-
laborative relationship between two or more 
parties for the common goal of improving the 
health of populations based on mutually 
agreed roles and principles, while sharing risks 
as well as benefits. Partnerships can range 
from legally incorporated entities with specific 
governance arrangements to simpler collabo-
rations with varied stakeholders, using diverse 
terms such as “partnership,” “alliance,” “net-
work,” “coalitions,” “consortium,” “pro-
gram,” or “collaboration.”

Partnerships for global health and global 
health research have become an important 
mechanism for health development for the past 
several decades, with increasing joint initiatives 
that involve stakeholders from different sec-
tors, including governments, academia, indus-
try, and civil society organizations (Kickbusch 
and Quick 1998; Larkan et al. 2016). This has 
resulted in the production of new, vital health 
data and scientific advancement, yet the prog-
ress of global health research activity has been 
insufficient. The reasons for this are complex 
and multifaceted – as noted by Ward et  al. 
(2018), “this is not so much a limitation in the 
science (although this remains a factor in 
respect of some diseases) but also an outcome 
of social and structural inequality.”

In general, global health research has dem-
onstrated that partnership approaches, with 
some exceptions, have done little to combat, 
and may even have perpetuated, long- 
standing issues, such as: Global North-South 
dependency, the legacy of colonialism,  

distorted health research priorities, weak and 
unprepared healthcare systems, underutilized 
local professionals and knowledge, unfair dis-
tribution of risks and benefits, and insufficient 
access to life-saving interventions for the pop-
ulations most in need (Franzen et  al. 2017; 
Petryna 2007). The increasing prevalence of 
EIDs has highlighted the need to bring new 
and differently arrayed forces together to fight 
outbreaks, contribute to research, and play 
new roles in meeting specific pandemic related 
challenges.

2.1  Key Partnership Actors

Key players for developing and conducting 
research in EID outbreaks include the affected 
or potentially affected communities, national 
authorities and health systems, research  
organizations, academic centers, non- 
governmental organizations (NGOs), phar-
maceutical companies, international funders, 
and WHO.

First, conducting research during an out-
break requires acceptance from the commu-
nity from which research participants will 
come (7 Chap. 18). As has been evident dur-
ing many outbreaks and pandemics, national 
governments and international agencies 
addressing health security threats sometimes 
struggle to understand popular reactions to 
infectious disease emergence and outbreaks, 
complicating their efforts to control deadly dis-
eases. A necessary though not sufficient mea-
sure to minimize popular delusions is to make 
affected population groups partners in 
research, creating communications interchange 
between community and biomedical perspec-
tives. Developing and implementing effective 
models for engaging communities and inte-
grating the social sciences into preparedness 
and response strategies for infectious disease 
threats must become a priority element in 
research programs (Giles-Vernick et al. 2019).

Research carried out in the field during 
outbreaks needs implementation partners, 
especially when the field is lacking the needed 
physical and human infrastructure. Some of 
this infrastructure can be provided by emer-
gency front-line health care organizations 
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providing care, often NGOs like Médecins 
Sans Frontières, International Medical Corps, 
or the Alliance for International Medical 
Action. Effective responses to EID outbreaks 
should focus first on a robust public health 
response provided by these front-line health 
care workers, including isolation of suspected 
cases, contact tracing, implementation of pre-
ventive measures such as vaccination if  avail-
able, and safe care for infected individuals. 
Local health systems and healthcare providers 
are thus important partners. To accomplish 
research goals, such as candidate medical 
countermeasure (MCM) evaluation, it is 
important to involve these actors in research. 
Their role can strongly depend on in-country 
capacity for research with respect to existing 
infrastructure and human resources, experi-
ence, and expertise. It is therefore essential, 
and even an ethical obligation, to identify and 
train local investigators, improve existing 
physical and trial infrastructure, and collabo-
rate on needed research. Unused assets atro-
phy, so ongoing collaborative work and 
ultimately funding for fully independent 
research is essential to long-term sustainabil-
ity (7 Chap. 14) (Yozwiak et al. 2016).

It is also essential to include local regula-
tory and ethics agencies. Conducting research, 
especially clinical trials involving humans, 
requires evaluating plausible benefits and 
risks of research and resulting MCMs for trial 
participants and their communities. Ethical 
approval of trials and licensure or emergency 
approval of MCMs is the prerogative of each 
sovereign country and its institutions. Local 
regulatory and ethical committee reinforce-
ment thus needs to be part of capacity build-
ing plans. The objective of capacity building is 
to “develop individuals, organizations and 
societies (individually and collectively) to per-
form functions, effectively, efficiently, and in a 
sustainable manner” (UNDP 1998), “to leave 
tangible benefits and not just creat[e] a depen-
dency on external resources” (Lau et al. 2014). 
Fulfilling capacity building objectives in a 
partnership is key and ensures that local 
health research is increasingly able to respond 
to local health needs and assure the safety and 
health of local and global populations (Ward 
et al. 2017; Yozwiak et al. 2016).

When outbreaks overwhelm the capacities 
of local health systems or develop into com-
plex emergencies, as has been the case in many 
countries challenged by the COVID-19 epi-
demic, international humanitarian organiza-
tions often play a crucial role in providing 
care. They are well positioned to help imple-
ment research programs, given their interac-
tions with patients and the community. It is 
important to improve understanding of the 
place of research in infectious disease 
response, as well as research expertise within 
these organizations, to facilitate the conduct 
of clinical research. Relationships between 
humanitarian organizations and research 
institutions have occasionally been difficult in 
the past, mainly because of differing perspec-
tives (Caplan et al. 2015; WHO 2014a). In the 
long term, strengthening the research capaci-
ties of humanitarian organizations should 
also underpin cooperation outside of times of 
crisis and make for more productive North-
South research collaborations (7 Chaps. 18 
and 29).

National research institutions are of 
course essential partners for research con-
ducted during an epidemic. They bring unique 
local expertise and ensure the scientific qual-
ity of the studies, although conducting 
research alongside response to an outbreak is 
quite different from the usual conduct of 
research. Because there are frequently impor-
tant constraints on conducting research in 
countries and regions where an outbreak 
occurs, international research institutions’ 
involvement, and international collaborative 
research partnerships are important to bridge 
health research gaps. These partnerships are 
essential to provide funding and expertise but 
are even more important for building capaci-
ties (Petryna 2007).

Government organizations are essential in 
research partnerships, as national govern-
ments, in particular ministries of health, bear 
first responsibility for responding to epidem-
ics and protecting the health of the popula-
tion. They are consequently a major 
stakeholder for leading discussions and imple-
mentation of preparedness and response, 
including research. Due to the potential global 
spread of EIDs, and especially when  
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authorities face conflicts, political instability, 
or lack of preparedness, appropriate multisec-
toral partnerships should be developed.

Private sector companies, although they do 
not always have market incentives to proac-
tively develop lifesaving products for EID, can 
form partnerships during an outbreak to share 
risks and benefits in order to bring vaccines, 
therapeutics, or diagnostic tests into the field 
for clinical trials, not to mention their primary 
role in manufacturing validated MCMs. 
Companies must be included in collaborative 
preparedness, including plans for research and 
development directions (R&D roadmaps) and 
product profiles of vaccines, medicines, and 
diagnostics for pathogens families with pan-
demic potential. This involvement will help 
guide research and quality, safety, and efficacy 
parameters in line with good manufacturing 
practices (Bok et al. 2021).

Funders are also necessary partners in 
global EID research (7 Chap. 28). They can 
facilitate a rapid, coordinated approach to 
funding research on pathogens or pathogen 
families with pandemic potential (Matthiessen 
et  al. 2016). They can also contribute to a 
capacity building agenda for preparedness 
and response to a public health emergency.

WHO is the lynchpin of international 
response to outbreaks of emerging infectious 
diseases. It is the international body responsi-
ble for coordinating health aspects of out-
break response, including coordination of 
research. “To fulfil its mandate, WHO has a 
core responsibility in the area of research and 
coordination of research. WHO will use its 
convening capacity to fulfil this responsibility. 
Although WHO is not a funding agency nor 
in general a major implementer of research 
activities, it has a global mandate to set  
evidence-based priorities and standards for 
research, ensuring that all voices are heard 
and avoiding conflicts of interests” (Kieny 
et al. 2016). WHO is the global coordinating 
center for preparedness and for responding to 
epidemics. After its widely criticized response 
to the 2014–2016 West Africa Ebola epidemic, 
WHO undertook an overhaul of its emer-
gency preparedness and response functions. 
Most relevant for research is the Research & 

Development Blueprint, a global strategy and 
preparedness plan to improve preparedness 
and rapid activation of research and develop-
ment of countermeasures during public health 
emergencies (WHO 2020a).

2.2  Principles for Successful 
Research Partnerships

Partnerships are critical to effectively imple-
ment programs and improve health. They are 
essential to raise visibility of an unmet need, 
support coordination, provide financial sup-
port to countries, and provide common plat-
forms for working together. One of the 
greatest strengths of partnerships is their abil-
ity to combine the complementary strengths 
of different stakeholders to achieve common 
objectives. However, development research 
often has a problem with how tasks and 
rewards are allocated:

 » The predominant model tends to be one in 
which data collection happens in the global 
south—often by local enumerators—with 
researchers in the global north conducting 
all the analysis and delivering the final, 
fully-baked report. While this type of 
research model can produce useful insights, 
it may get limited uptake if  it fails to respond 
to local needs or isn’t developed from a 
partnership based in mutual trust (Rose and 
Estes 2021).

The criteria for a successful partnership in 
research and the principles that should govern 
its development and implementation have 
been under discussion by academics, research 
organizations, and WHO for decades. Most 
past analyses have not considered the specific 
context of research implemented in crisis 
environments, but their analytical framework 
is relevant for these contexts. Just as the 
COVID-19 pandemic took hold, the Nuffield 
Council on Bioethics (2020) published a 
book-length synthesis of the ethics of research 
in an emergency, while WHO has also pro-
vided updated guideline documents for 
research during emergencies (WHO 2016a, 
2020c, d, e).
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John et  al. (2016) conducted a survey of 
research partners from Uganda, Kenya, and 
the United States who had extensive global 
health research experience about what they 
considered the top three factors that strength-
ened or impeded successful international 
research collaborations. All interviewed 
research partners came from academic or 
research institutions and had more than 
10 years of global health research experience. 
Although the questions were open-ended, 
responses were highly consistent. Four key 
factors for successful partnerships were iden-
tified: (1) mutual respect and benefit, (2) trust, 
(3) good communication, and (4) clear part-
ner roles and expectations.

The myriad disciplines, perspectives, con-
texts, and practical applications or experi-
ences of partners involved in international 
global health research present challenges to 
building successful partnerships. However, 
some core concepts must be considered. To 
identify these concepts, Larkan et  al. (2016) 
built an evidence-based framework using an 
inductive exploratory research process. A 
total of 17 partners were involved in this 
research, of which nine were Southern and 
eight Northern-based partners. These part-
ners came from research institutions, civil 
society organizations, private companies, and 
networks. Seven core concepts emerged that 
are consistent with the findings of John and 
collaborators: focus, values, equity, benefit, 
communication, leadership, and resolution. 
Larkan et al. (2016) suggest, “while objectives 
are important, they are not in and of them-
selves sufficient to ensure focus. Common 
goals and minimum common programs 
among partners were identified as essential 
attributes,” adding that values refer “to under-
standing the organizational culture of each 
partner and the underlying societal norms 
within which each partner operates.” Trust 
was identified as a prerequisite to successful 
partnership. Equity was a core concept and in 
particular mutual respect and openness to 
learning from each other. Moreover, respon-
dents agreed on the importance of research 
programs providing benefits to communities 
and/or partner organizations beyond the 
immediate partnership. Skill generation and 

capacity building are particularly important 
indicators of project success.

In their paper “International Collaborative 
Research Partnerships: Blending Science with 
Management and Diplomacy,” Lau et  al. 
(2014) note that “the assumption that people 
choose to conduct research to investigate 
interesting questions or improve community 
health is common, but may be incorrect. 
Partners may perceive training needs, revenue, 
or infrastructure establishment as the primary 
goal.” Having a transparent, open, honest, 
and unambiguous communication strategy is 
crucial for research partnerships to succeed. 
Finally, resolution and leadership were found 
to be core concepts.

In further exploration of the kind of lead-
ership needed for successful partnerships, Lau 
et  al. (2014) emphasize that delegation of 
roles and responsibilities, shared management 
and accountability, and balance and diplo-
macy are essential; leadership development 
and careful planning should be given high pri-
ority. Governance plans, memoranda of 
understanding (MoU), or principles of part-
nership documents are extremely helpful in 
defining the parameters of the collaboration 
and establishing realistic expectations for 
both parties. An MoU, Lau et al. find, “forces 
a project to set mutual goals with measurable 
success outcomes so that tasks can be defined 
to enable projects to attain desired operational 
results.” It is also important to agree on strate-
gies that will minimize conflicts or challenges 
that may arise over the course of the partner-
ship.

The Research Fairness Initiative, an initia-
tive by the Council on Health Research for 
Development (COHRED) is aimed at improv-
ing fairness, efficiency, and impact of research 
collaboration globally. COHRED (2000) pub-
lished a reporting guide to promote and mea-
sure fairness in research collaboration and 
partnership. The report identifies three 
domains to investigate when developing col-
laborative research, each including five topics 
and related indicators to monitor. The three 
domains are the following:
 1. Fairness of opportunity “aims to improve 

the participation of all concerned at rele-
vant stages of research development, often 
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well before research even begins.” It 
includes relevance to communities in 
which research is done, early engagement 
of partners, and the need to make contri-
butions of partners explicit.

 2. Fair process “aims to improve fairness in 
how research is conducted and research 
partnerships and programs are imple-
mented,” including fair local hiring, train-
ing and sourcing, respect of local ethics 
review system, and data ownership.

 3. Fair sharing of benefits, costs, and outcomes, 
includes research system capacities, tech-
nology transfer, and environmental, social, 
and cultural impacts.

3  Selected Recent Major EIDs: 
Lessons Learned

Before the 2014–2016 West Africa Ebola epi-
demic, research conducted during EID out-
breaks was limited. An early effort occurred in 
2002–2003, during the severe acute respira-
tory syndrome (SARS) outbreak, a life-
threatening disease for which no treatments 
were available. The scientific community could 
not launch a multi-sectoral, interdisciplinary 
coordinated research effort. Nucleic acid 
sequencing abilities were relatively primitive 
compared to now (the first draft of the human 
genome having been completed in 2000 at a 
cost about 6 orders of magnitude greater than 
it is currently). Nevertheless, the scientific 
community reacted quickly to identify and 
characterize the novel virus, with a genetic 
sequence completed about 6 months after the 
first cases, and a candidate vaccine was ready 
to begin animal trials by a year after the out-
break began (Finlay et al. 2004).

WHO convened international response 
consultations, and scientists from Canada, 
China, and the United States were especially 
active in launching research programs. 
. Figure 1 shows some of the achievements 
of this effort in the relatively brief  period 
before SARS was contained through public 
health and infection control methods. The 
research response to SARS was a dress 
rehearsal for a play that fortunately closed 

early but provided essential experience for the 
actors and stage crew. It also started contin-
ued research on the zoonotic potential of 
coronaviruses (Song et al. 2019).

Therapeutics trials posed considerably 
greater difficulties. Stockman et  al. (2006) 
note the inability to implement properly 
designed trials, the heterogeneity in treatment 
regimens used, and the non-standardized col-
lection of clinical information, which were 
major obstacles to evaluating potential treat-
ments and to clearly interpreting collected 
data.

The emergence and global spread of 2009 
A(H1N1) influenza prompted the largest pan-
demic response ever mounted at that time 
(7 Chap. 29). Many aspects of this response 
were positive. However, Abelin et  al. (2011) 
identified several areas where improvements 
would facilitate an expedited response:

 5 Technical enhancements
 5 Enhancing decision-making processes
 5 Pre-establishing supply agreements
 5 Streamlining regulatory processes
 5 Regional collaboration
 5 Overcoming communications challenges

Other matters related to vaccine development, 
evaluation, supply, and coverage were also of 
concern. The 2009 H1N1 influenza pandemic 
provided opportunities for international 
research cooperation that were not seized 
upon. Although Europe-wide effectiveness 
studies were conducted, they were not com-
bined in a centralized, coordinated manner 
with European efficacy and safety studies. 
The pandemic also illustrated the need to 
reinforce regional virus epidemiology capa-
bilities including biosurveillance, particularly 
in less developed countries and regions. The 
initial stages of H1N1 inactivated vaccine 
virus development and production scale-up 
proved highly challenging (Robertson et  al. 
2011). This highlighted the need for close col-
laboration between academic, government, 
and industry researchers, along with WHO 
network colleagues and decision makers to 
determine vaccine standardization. During 
both the SARS and H1N1 epidemics, obsta-
cles to research response included delays in 
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November 2002
Frist SARS case and outbreak
in Guangdong province,
southern China.

•  The term ‘severe acute
   respiratory syndrome’ coined.
•  First SARS outbreak in
   Toronto (3 March–24 April).

•  Second SARS outbreak in
   Toronto (5 May–5 June).
•  SARS-CoV identi�ed as the
   causative agent of SARS.

•  WHO meeting on SARS
   in Geneva.
•  Ferret model for SARS
   reported20.

•  DNA vaccine for SARS-CoV
   in mice reported24.
•  E�ectiveness of SARS-CoV
   spike protein expressed by
   vaccinia virus as a vaccine in
   mice reported23.

Nature Reviews  Microbology

Effects of Ad5-SARS-CoV
vectors as vaccines assessed
in macaquies22.

WHO SARS animal model
meeting in Rotterdam.

• SARS-CoV genome
  sequenced5.
• SARS Accelerated Vaccine
  Initiative (SAVI) established.

A monkey model developed
for SARS17.

SARS vaccines developed
by SAVI.

SARS vaccine undergoes
Phase I clinical trials in China.

SARS vaccines tested in mice
and ferrets by SAVI.

March 2003

April

May

July

October

November

December

January 2004

February

March

April

�

�

�

�

�

       . Fig. 1 Achievements of  research response to the 2002–2003 SARS pandemic through early 2004. (Finlay et al. 
2004)

political commitment, funding, and mobiliza-
tion of researchers; insufficient coordination 
among stakeholders, both nationally and 
internationally; and administrative, regula-
tory, and ethical impediments.

3.1  The West Africa Ebola 
Outbreak (2014–2016)

The 2014–2016 West Africa Ebola outbreak 
marked a turning point in the global pre-
paredness and response to epidemics (7 Chap. 
17). It was different from all previous Ebola 
outbreaks, moving fast, crossing borders, 
affecting large numbers of people, and killing 
many. Its unprecedented scale triggered a 
multifaceted response, including money from 

foreign governments for building care facili-
ties (Ebola Treatment Units [ETUs]), expand-
ing laboratory capacity for diagnosis, and 
mobilizing foreign volunteers, from health 
care workers to public health outbreak con-
trol experts, to help with patient care and stop 
the epidemic. The role of NGOs was particu-
larly important in response to this epidemic. 
Alongside the humanitarian emergency, a sci-
entific emergency appeared, which was char-
acterized by awareness of the urgent need for 
experimental treatments and vaccines. The 
magnitude and duration of the outbreak 
seemed to allow research teams, for the first 
time, to plan clinical research protocols for 
evaluating the efficacy of experimental vac-
cines and treatments. The outbreak prompted 
the initiation and implementation of compre-
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hensive research programs, including clinical 
trials conducted during the epidemic. These 
met with varying degrees of success, but dem-
onstrated the ability of researchers, regula-
tors, scientific and ethics review boards, 
governments and health authorities, sponsors, 
NGOs, and communities to work together.

The index Ebola case in West Africa was 
retrospectively identified as a child in the 
remote Guinean village of Meliandou, 
Guéckédou Prefecture who became ill in 
December 2013. Only after August 8, 2014, 
when WHO declared the Ebola outbreak a 
public health emergency of international con-
cern (PHEIC) (WHO 2014b), did the interna-
tional community recognize the critical 
importance of engaging in a global public 
health response that included research. 
Several meetings were organized to discuss 
the use of potential Ebola therapeutics and 
vaccines, which were in various stages of 
development, and consider the related scien-
tific, ethical, and regulatory issues of conduct-
ing clinical trials. In the following months, the 
different stakeholders started working 
together and building partnerships to launch 
the first therapeutic and vaccine trials. 
Through their logistical support, humanitar-
ian organizations and NGOs not usually 
involved in research contributed greatly to the 
implementation of clinical trials. Trial teams 
benefited from ETUs and their infrastructure 
already established and run by international 
NGOs, and from existing relationships 
between organizations, local officials, and 
community members (Levine 2016) (7 In 
Practice 40.1). Partnerships also benefited 
from existing relationships between scientists 
and research institutions and authorities of 
affected countries.

In 2014, the WHO convened meetings to 
coordinate the planning of  clinical trials for 
candidate Ebola vaccines. Under pressure 
from the outbreak, protocol development 
timelines and scientific and ethics approvals 
were compressed. To address requests from 
clinical trial investigators in Africa, Phase I 
studies were conducted in high-income coun-
tries before vaccine trials (Phase II and III) 
were launched in Africa by February 2015. 
Several international collaborative partner-

ships were built to launch the vaccine trials 
during the epidemic, including (1) the Ebola 
Ça Suffit Ring Vaccination Trial, a collabo-
ration between the government of  Guinea, 
WHO, Médecins Sans Frontières (MSF), 
and the Norwegian Institute of  Public 
Health launched in Guinea in April 2015 
(Henao-Restrepo et  al. 2017); and (2) the 
Partnership for Research on Ebola Vaccines 
in Liberia (PREVAIL), part of  an agreement 
between the Liberian and U.S. governments 
for a long-term collaborative partnership in 
clinical research between the two countries; 
its first trial, PREVAIL I, started in Liberia 
in February 2015 (Kennedy et  al. 2017, 
2016).

During the Ebola outbreak in West Africa, 
real, effective partnerships were built. 
Governments and foundations mobilized 
funds, companies brought therapeutic and 
vaccine candidates into the field, and collabo-
rations among WHO, research institutions, 
national health authorities, NGOs, and civil 
society enabled advances through accelerated 
clinical trials. In addition, research launched 
was multisectoral, multidisciplinary, and 
multi-partner and covered diagnosis and 
pathogen characterization, clinical research 
for evaluating potential countermeasures, and 
social science. However, despite successes and 
generation of new Ebola information, the 
overall scientific harvest of the trials has been 
described as “thin” (Cohen and Enserink 
2015). As Kennedy et al. (2017) note, “Finally, 
we could not establish whether either vaccine 
was effective in preventing EVD [Ebola virus 
disease] since the number of cases of EVD 
declined drastically in Liberia owing to a con-
certed public health effort that succeeded in 
ending the outbreak in Liberia before the 
PREVAIL I trial could be expanded to its 
phase 3 component.” This applied to a greater 
or lesser degree to several clinical trials imple-
mented during the outbreak.

Several elements contributed to this out-
come, including the shortcomings of  the sur-
veillance systems, inadequate involvement of 
funders and researchers before WHO 
declared the PHEIC, and the delay in declar-
ing the PHEIC that prompted the global 
response. In addition, the disparate goals 
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and missions of  international partners cre-
ated a conflict between the perspectives of 
medical science and humanitarian medicine. 
At first, stakeholders debated the ethics of 
conducting randomly controlled clinical tri-
als during a public health emergency with 
high mortality. Some stakeholders respond-
ing to the massive humanitarian crisis 
claimed that experimental drugs should be 
given to as many patients as possible, while 
others argued for an ethical obligation to 
conduct formal clinical trials during an epi-
demic to quickly and efficiently identify ben-
eficial MCMs. Disputes arose about 
randomized trials versus nonrandomized 
alternative designs, the use of  a standard-of-
care control arm, and the fair distribution of 
limited products (Adebamowo et  al. 2014; 
Cox et al. 2014; Lanini et al. 2015). Although 
the debate among health-care workers and 
researchers was considered fruitful, leading 
to the adaptation of  clinical research meth-
ods (Dunning et  al. 2016), too much time 
was spent debating trial design, rather than 
quickly implementing trials and investigating 
the safety and efficacy of  MCMs in time to 
fight the epidemic.

Community acceptance of  research pro-
grams also proved to be challenging. Clinical 
trials require volunteer participants, but a 
good relationship between researcher and 
participant, which depends on mutual trust, 
was difficult to achieve in West Africa where 
a context of  fear and mistrust of  outsiders, 
along with a lack of  knowledge about clinical 
research, may be aggravated by limited 
understanding among international research-
ers of  local culture and social traditions 
(7 Chap. 18).

Experiences gained from clinical trials 
and research projects conducted as part of 
the Ebola outbreak response clearly demon-
strated some of  the difficulties of  designing 
successful clinical trials and coordinating 
among all stakeholders to reach consensus 
on implementation. To mitigate these issues, 
some stakeholders argued that WHO should 
have played a stronger role coordinating the 
multitude of  disparate efforts. However, the 
overwhelming problem was lack of  pre-
paredness (Cohen and Enserink 2015).

3.2  The Zika Outbreak 
(2015–2016)

On February 1, 2016, WHO declared its fourth 
PHEIC in response to clusters of microceph-
aly and Guillain-Barré syndrome in the 
Americas, which were suspected to be associ-
ated with the ongoing 2015–2016 Zika virus 
epidemic (WHO 2016c). Many lessons learned 
from the response to the West Africa Ebola 
outbreak helped in the response to the Zika 
virus outbreak (7 Chap. 21). Importantly, 
general agreement emerged on the need for 
international collaboration on regulatory 
issues, research, and data sharing (Haug et al. 
2016). During the epidemic’s first stages, the 
scientific community expended titanic efforts 
to rapidly understand Zika virus biology and 
pathology, improve diagnostic methodologies, 
and develop specific therapeutic and prophy-
lactic alternatives (Martin-Acebes and Saiz 
2019). Important collaborative work has been 
achieved, thanks to the rapid involvement of 
donors and the opening of calls for proposals, 
which allowed the creation of international 
partnerships. These partnerships include three 
multinational and multi-disciplinary research 
consortia funded by the European Union 
(EU): ZikAlliance, ZikaPlan, and ZikAction 
(TGHN 2022).

As during the West Africa Ebola epidemic, 
delays in developing practical diagnostic tests 
for the right population at the right time were 
a costly barrier to disease control and preven-
tion during the Zika epidemic (Peeling et al. 
2019). To mitigate these issues, meetings were 
organized to define research priorities and 
determine if  products could be tested in clini-
cal trials. In general, though, the Zika epi-
demic highlighted continued lack of 
preparedness and of available agents for effi-
cacy testing.

3.3  Recent Democratic Republic 
of the Congo (DRC) Ebola 
Outbreaks

When an Ebola outbreak began in the 
Equateur province of the DRC in May 2018, 
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       . Fig. 2 Testing samples for Ebola in the DRC. (Cour-
tesy of  WHO)

collaborative efforts to implement research 
started immediately (7 In Practice 16.1). 
These efforts capitalized on the experience 
and results obtained from clinical trials 
launched during previous Ebola outbreaks. 
The response of humanitarian and scientific 
actors to containing the virus relied on results 
of the Ebola Ça Suffit and other trials in West 
Africa and included ring vaccination with the 
rVSV-ZEBOV vaccine. In addition, they rap-
idly administered multiple novel therapies 
under a WHO framework for Monitored 
emergency use of unregistered and investiga-
tional interventions (MEURI) (WHO 2016b, 
2018). These two actions were possible thanks 
to preparedness, prior knowledge of vaccines 
and treatments, and availability of protocols 
that were ready to use or adapt. Once again, 
as in West Africa, a rapid decline in Ebola 
cases prevented researchers from drawing sta-
tistically sound conclusions about the efficacy 
of therapeutic products through randomized 
controlled trials (. Fig. 2).

When another Ebola outbreak started in 
the DRC in August 2018, in the northeastern 
province of North Kivu, ring vaccination 
under MEURI was initiated within only 7 
days after the declaration of the outbreak. 
The ability to mount such a rapid response 
underlines how crucial the involvement of all 
stakeholders, including national health 
authorities, is from the outset of discussions, 

including national health authorities. Clear, 
strong leadership focused on scientifically 
sound objectives—but including stakeholders 
at all levels—is essential to success. The north-
eastern DRC Ebola response exemplifies the 
need for strong organizational partnerships 
from the earliest stages of planning (Mulangu 
et al. 2019). Organizational strength was espe-
cially needed because the northeastern DRC 
response took place in a region not only vul-
nerable to Ebola virus disease but beset by 
ongoing violent conflict, food insecurity, and 
lack of functional health infrastructure—lit-
tle infrastructure of any kind, in fact, includ-
ing electrical power, paved roads, and clean 
water. The response has also highlighted the 
necessity of broad-based organizational part-
nerships to implement research programs and 
access vulnerable populations, even when sci-
entists are facing violence (Maxmen 2019).

3.4  The COVID-19 Pandemic: What 
Lessons Can Be Drawn?

The COVID-19 pandemic has underlined the 
fundamental roles of partnerships and coor-
dination in global health. Continents, regions, 
and countries have undertaken different mea-
sures, and their populations have responded 
with varying degrees of acceptance as they 
have faced the recurring waves of SARS-
CoV-2 variants. Organizational partnerships 
have determined the success or failure of miti-
gating the spread of the epidemic and limiting 
its impact on populations. While the pan-
demic has shown that previous lessons regard-
ing preparedness and response had not been 
fully integrated and implemented, some suc-
cesses must be highlighted (7 Chap. 31).

For instance, research mobilization on 
COVID-19 has been unprecedented. On 
January 30, 2020, following the recommenda-
tions of the Emergency Committee, the WHO 
Director-General declared that the new 
Coronavirus outbreak, first identified in 
China, constituted a PHEIC. Two weeks after 
the declaration, WHO and the Global 
Research Collaboration for Infectious Disease 
Preparedness and Response (GloPID-R), an 
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international network of funders to facilitate 
coordination and information sharing, jointly 
organized a COVID-19 Global Forum on 
research and innovation. This forum aimed at 
“assessing the current level of knowledge 
about the new virus, agreeing on critical 
research questions that need to be answered 
urgently, and finding ways to work together to 
accelerate and fund priority research to cur-
tail this outbreak and prepare for those in the 
future” (WHO 2020b). As the conclusions of 
the forum were published in March 2020, the 
WHO R&D Blueprint began facilitating a 
coordinated response to COVID-19 to  
“accelerate diagnostics, vaccines and thera-
peutics for this novel coronavirus” (WHO 
2020f). GloPID-R, in partnership with the 
United Kingdom (UK) Collaborative on 
Development Research (UKCDR), has devel-
oped a database connected to the WHO R&D 
Blueprint, which compiles member research 
projects in relation to COVID-19 (Norton 
et al. 2021). The database maps research areas 
to projects and available funding to guide 
international research (UKCDR and 
GloPID-R 2022). The database also classifies 
projects by countries, showing a continuing 
clear imbalance towards funding and research 
in high-income countries.

As of August 2022, the WHO database on 
scientific publications includes more than 
667,000 publications on COVID-19 collected 
since the beginning of the epidemic (WHO 
2022c), reflecting scientific collaboration that 
has been one of the bright spots of the global 
pandemic response. Without basic research 
and established networks of trust, we would 
not have been able to understand and react to 
this crisis as rapidly as we did. Examples of 
this effective scientific collaboration, and the 
underlying challenges, illustrate both progress 
and shortcomings in global research capacity.

The devastating impact of the SARS-
CoV-2 outbreak rapidly highlighted the 
urgent need for effective therapies to control 
the spread of the disease and alleviate life-
threatening symptoms and disorders. 
Although many drugs have in  vitro activity 
against various coronaviruses, no reliable clin-
ical evidence at the beginning of the outbreak 
supported the efficacy and safety of any drug 

against coronaviruses in humans, including 
SARS-CoV-2. Thus, the rapid and simultane-
ous combination of supportive care and ran-
domized controlled trials (RCT’s) quickly 
emerged as the only way to find effective and 
safe treatments for COVID-19 and improve 
patient management. WHO recommended 
that researchers around the world systemati-
cally evaluate experimental therapeutics in 
RCT’s and generate data from large trials to 
provide strong evidence of drug safety and 
effectiveness. Conversely, WHO and others 
also noted the unreliability of small and 
poorly designed trials that appeared to find 
benefit in, for example, hydroxychloroquine, 
early in the pandemic (Bugin and Woodcock 
2021; Cochrane Collaborative 2020).

Clinical trials initially focused on drug 
repurposing strategies that offered an attrac-
tive, immediate, and realistic approach to 
tackle the growing pandemic. Large collabor-
ative studies have been rapidly set up, showing 
unprecedented ability to bring together differ-
ent national and international actors, and 
overcome obstacles that can delay the start of 
clinical trials. As early as March 2020, WHO 
and its partners launched the SOLIDARITY 
trial. WHO provided a master protocol and 
simplified procedures to enable hospitals from 
many countries to participate. Between March 
2020 and January 2021, 14,304 potentially eli-
gible patients were recruited from 454 hospi-
tals in 35 countries in all 6 WHO regions. The 
study subsequently demonstrated little or no 
effect of tested therapeutics on hospitalized 
COVID-19 patients (WHO Solidarity Trial 
Consortium 2021, 2022). Other adaptive plat-
form trials were rapidly organized as well, as 
shown in . Table 1.

Through their navigation of regulatory, 
legal, and financial obstacles that could have 
significantly slowed down the conduct of clin-
ical trials (Diallo et al. 2022), these large trials 
and trial consortia can be considered exam-
ples of partnership successes on national and 
international levels. However, better prepared-
ness and stronger coordination could have 
minimized the many small, disparate studies 
worldwide that evaluated identical therapeu-
tic candidates, assessed drugs without in vitro 
or in vivo data, and frequently had method-
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ological weaknesses (i.e., statistically under-
powered or yielding inappropriate/
inconclusive outcomes) (Bugin and Woodcock 
2021; Cochrane Collaborative 2020).

Vaccine R&D has been dynamic and pro-
ductive. Safe and effective COVID-19 vac-
cines, especially effective against severe forms 
of the disease, have been developed in record 
time. Vaccine trials, based on various techno-
logical platforms, were initiated in the first 
quarter of 2020, and vaccination deployment 
in populations started in December 2020. As 
of August 2022, 11 vaccines were registered 
on the WHO Emergency Use List, 170 vac-
cines were in clinical development and 198 
vaccines in pre-clinical development (WHO 
2022b). These emergency approvals were 
made possible by a combination of different 
factors, including the enormous resources 
devoted to the COVID-19 pandemic, cooper-
ation between a wide range of public and pri-
vate stakeholders, previous research on 
coronavirus vaccines and on vaccine plat-
forms, and other innovations in technology 
and R&D (Bloom et  al. 2021). Funds allo-
cated for vaccine development, trials, and 
manufacturing have been exceptionally high.

First, the U.S. government committed up 
to 13 billion USD for vaccine developers, 
including 2.5 billion to support vaccine devel-
opment efforts, in addition to purchase agree-
ments. The EU, UK, and others similarly 
committed to fund R&D and accelerate vac-
cine availability. Second, the intense coopera-
tion between governments, public research 
institutions, and private industry has been 
critical for achieving rapid vaccine develop-
ment. Enlisting the cooperation of private 
industry to help meet the key economic chal-
lenges of investing in the development of a 
vaccine was crucial, because in the absence of 
government intervention the private sector is 
not generally predisposed to fully absorb the 
risk of investing in vaccines. Third, innova-
tion in vaccine R&D relied on emerging tech-
nologies and well-designed clinical vaccine 
trials. Vaccines registered in the WHO 
Emergency Use Listing Procedure (EUL) 
used several different technological platforms. 
Some relied on well-established approaches 
(e.g., inactivated whole-virus and protein-

based vaccines), while others relied on new 
vaccine technologies (e.g., messenger RNA 
[mRNA] vaccines) approved for the first time 
as vaccine for humans. Therefore, the process 
of vaccine trials implementation has been 
dramatically accelerated. The need to speed 
up the development and delivery of a vaccine 
has introduced new approaches with many 
phases executed in parallel rather than sequen-
tially. Developers have combined clinical trial 
phases, started subsequent clinical phases 
before confirming the success of previous tri-
als, or conducted parallel clinical trials.

However, the distribution of vaccines at the 
global level was very unequitable. By May 2022, 
around 11.7 billion doses of COVID-19 vac-
cines had been administered worldwide, with 
59.5% of the population fully vaccinated 
against COVID-19 (Our World in Data 2022). 
In subsequent months, more than 75% of peo-
ple living in high income countries were fully 
vaccinated, but this rate was about 17% on the 
African continent and only 12.5% among low-
income countries (Ritchie et al. 2022, . Fig. 3).

The COVID-19 Vaccines Global Access 
(COVAX) Facility was created by WHO; 
Gavi, the Vaccine Alliance; and the Coalition 
for Epidemic Preparedness Innovations 
(CEPI) to reduce inequality in access to vac-
cine by maximizing the chances of people, 
wherever they live, of getting quick, fair, and 
safe access to COVID-19 vaccinations. CEPI 
leads the R&D component of COVAX and 
has identified a portfolio of suitable vaccine 
candidates. COVAX works with manufactur-
ers to secure investment and incentives to 
expand production capacity for vaccines “at 
risk” before they receive regulatory authoriza-
tion, thus ensuring that mass dose production 
can begin immediately after or even before 
vaccine authorization. The COVAX objective 
for 2021 was to provide 1.4 billion doses of 
free vaccines to eligible low-income and lower-
middle income countries, enough to fully vac-
cinate 20% of their populations. However, by 
January 2022, these countries received only 1 
billion doses through COVAX, far fewer than 
the planned objective (WHO 2022a). By 
November 2022 COVAX had shipped 1.83 
billion doses, and along with the commercial 
availability of lower-price COVID-19 vac-
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       . Fig. 3 Coronavirus vaccine doses administered in the world’s 30 largest countries. (Our World in Data 2022; CC 
BY 4.40, downloaded 31 Aug 2022)

cines, that enabled people in most countries 
who wanted vaccination to obtain them, 
except in very remote areas.

The shortfalls have had several causes, 
such as lack of resources, the export ban from 
producer countries, including India, due to 
domestic outbreaks, and, above all, vaccine 
nationalism and related bilateral deals at 
higher prices between high income countries 
and manufacturers to ensure preferential 
access (Bollyky and Brown 2020; Lie and 
Miller 2020). To mitigate such a breach in 
global solidarity and a fundamentally unbal-
anced global context of vaccine production, 
various initiatives have been undertaken to 
ensure the convergence between production 
and populations in need. For instance, the 
African Union and Africa Centres for Disease 
Control and Prevention (Africa CDC) have 
launched the Partnerships for African Vaccine 
Manufacturing (2022) framework for action, 
with the ambitious goal of having not the cur-
rent 1% but rather 60% of all vaccines needed 
in Africa produced on the continent.

Furthermore, a recent WHO initiative 
aims to respond to the vaccine production 
challenge by supporting technology transfer, 
human resources capacity building, and tech-
nological skill strengthening in low and mid-
dle resources countries. In April 2021, WHO 
launched a global call for Expression of 
Interest (EOI) to establish mRNA vaccine 
technology transfer hubs that can scale up 
production and access to COVID vaccines 
(WHO 2021). Following this call, the estab-
lishment of the first hub was announced in 
South Africa, relying on a partnership involv-
ing WHO and the COVAX partners, Africa 
CDC, and a network of universities and pri-
vate companies. In total, 15 countries in 
Africa, Asia and Latin America will be recipi-
ents of mRNA technology from the WHO 
mRNA technology transfer hub (WHO 
2022e). Other initiatives are underway to 
strengthen capacities to manufacture vaccines 
in African countries, including Senegal and 
Rwanda. In Senegal, CEPI and the Institut 
Pasteur de Dakar (IPD) have signed a memo-
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       . Fig. 4 Lab technicians 
work in laboratories in 
Afrigen, a company in 
Cape Town that has been 
selected as the WHO 
Vaccine Hub, in South 
Africa, on 11 February 
2022. (Courtesy WHO; 
Photo by Rodger Bosch 
for MPP/WHO mRNA 
hub)

randum of understanding (MoU) to formal-
ize the partnership between the two 
organizations to advance the MADIBA proj-
ect, a regional manufacturing hub for COVID-
19 and other vaccines (CEPI 2022) (. Fig. 4).

Although the partnership between public 
and private sectors has been a catalyst for 
rapid discovery, development, and dissemina-
tion of vaccines, this partnership has been 
unbalanced in favor of the private sector, with 
a lack of transparency regarding pricing and 
the terms of bilateral contracts at a time of 
urgent global need. Furthermore, the issue of 
intellectual property and patent rights contin-
ues to obstruct vaccine production in LMICs 
and the movement toward making vaccines a 
global public good (Lancet COVID-19 
Commission 2021).

In the area of genomic surveillance, tech-
nological advances allowing sequencing in real 
time have had a tremendous positive impact on 
public health and the pandemic response. 
Indeed, prompt sharing of genome sequences 
has enabled rapid identification of the novel 
pathogen SARS-CoV-2 and the development 
of diagnostic tests and vaccines. 
Simultaneously, large-scale genome sequenc-
ing has allowed monitoring of virus evolution 
and identification of viral transmission chains. 
Widespread distribution of sequencing capaci-
ties and genomic surveillance systems is thus 
essential to state-of-the-art global biosurveil-
lance.

In addition to existing or newly created 
national genomic surveillance networks, 
international initiatives have been launched. 
For example, the open-access platform 
GISAID, created as the Global Initiative on 
Sharing Avian Influenza Data in 2006 to 
facilitate data sharing on influenza viruses, 
has now been used to share SARS-CoV-2 
sequences. As early as January 10, 2020, the 
first whole-genome sequences of  SARS-
CoV-2 were made available on GISAID, 
facilitating global responses to the pandemic 
including rapid creation of  mRNA vaccine 
candidates. GISAID has maintained the 
world’s largest repository of  SARS-CoV-2 
sequences. By November 2022, the GISAID 
database contained 13.7 million SARs-
CoV-2 sequences (GISAID 2022). However, 
the preponderance of  sequences is coming 
from a few developed countries, while the 
proportion coming from low- and middle-
income countries (LMICs) is low. 
International initiatives are working to 
increase sequencing capacities in LMICs 
(Helmy et al. 2016).

In 2019, the Africa CDC, in collaboration 
with more than 20 international and national 
organizations, launched the Institute of 
Pathogen Genomics to provide rapid and 
timely response to infectious disease threats in 
Africa (Africa CDC 2022). Eighteen countries 
on the continent are providing support for 
SARS-CoV-2 sequencing, with an increasing 
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       . Fig. 5 Training 
laboratory staff  in West 
Africa on detecting 
mutations in SARS-CoV-2 
virus. (AFROSCREEN 
2023)

number of laboratories being leveraged for 
this activity and accounting for more than 
115,000 identified SARS-CoV-2 sequences by 
August 2022.

Another initiative in the field of  genomic 
surveillance is AFROSCREEN, a multi- 
institutional sequencing capacity building 
project in Africa financed by the French 
Agency for Development (AFD) and coordi-
nated by ANRS Maladies Infectieuses 
Emergentes (Emerging Infectious Diseases) 
(AFROSCREEN 2023). AFROSCREEN 
has been designed in conjunction with the 
national authorities of  each country to meet 
urgent surveillance needs for emergent 
SARS-CoV-2 variants. It aims to reinforce 
each country’s genomic surveillance system 
and facilitate development of  such systems 
where they do not yet exist. AFROSCREEN 
demonstrates a commitment to inter-institu-
tional and international collaborations to 
tackle major research and public health chal-
lenges. This project is implemented by a con-
sortium comprising three French research 
institutes (ANRS MIE, Institut Pasteur and 
the Research Institute for Sustainable 
Development (IRD) and their partner labo-
ratory networks in 13 sub-Saharan African 
countries, with Africa CDC, the West African 
Health Organization (WAHO), and WHO as 
formal partners (. Fig. 5).

4  Conclusion 
and Recommendations

In conclusion, the COVID-19 pandemic saw 
the emergence of  new and effective forms of 
research partnerships among various stake-
holders and in multiple research disciplines. 
Cooperative research efforts sometimes 
encountered forms of  biomedical national-
ism, a barrier that hindered efforts under-
taken to ensure global coordination and 
partnerships. Furthermore, community 
involvement seemed limited to COVID-19 
research partnerships when compared to 
efforts for other diseases (e.g., Ebola and 
HIV/AIDS).

Critically, research partnerships are effi-
cient, performant, and enduring only if  they 
involve all relevant partners: affected commu-
nities, national health and governmental 
authorities, health professionals, research 
organizations, academic centers, NGOs, phar-
maceutical companies, international funders, 
and WHO.  Finally, as highlighted by the 
COVID-19 pandemic, efficient research part-
nerships must abide by key principles, such as 
mutual respect and benefit, fair process, clear 
roles and expectations, trust, and good com-
munication.

Going forward, the following recommen-
dations, drawn from knowledge gained from 
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previous crises and principles of efficient 
research partnerships, need to be imple-
mented. First, preparedness must be improved 
through partnerships during inter-epidemic 
phases to coordinate international efforts in 
R&D for infectious disease pathogens, includ-
ing priority pathogens, a One Health approach 
to prevent emerging infectious disease occur-
rence, therapeutic and vaccine identification, 
pre-clinical studies, Phase I and Phase II tri-
als, and generic clinical trial design templates. 
Second, to improve the response during epi-
demic phases, rapid financing must be made 
available through funding partnerships and 
efficient coordination of organizations and 
stakeholders. Research programs need to 
ensure that vaccines and therapeutic products 
are prioritized, suitable trial designs are devel-
oped and selected, and trials are monitored 
and evaluated. Third, research needs to be 
embedded into reinforced national health sys-
tems, with clear leadership and division of 
labor. Research capacities must be strength-
ened and made sustainable. In this context, 
human resources and infrastructure, includ-
ing those needed for clinical trials, should be a 
priority for all partners. Furthermore, surveil-
lance, data management, and regulatory sys-
tems must be strengthened, and ethical 
considerations, including the need for greatly 
improved risk communication, must be high-
lighted. Fourth, it is essential to develop 
human resources and workforce capacities, 
including fellowships and training programs. 
This is a condition for being able to quickly 
activate research networks during times of 
crisis, keeping outbreaks from becoming 
large-scale epidemics, and enabling work on 
long-term preparedness during inter-epidemic 
phases. Fifth, international partners should 
support an interdisciplinary, multisectoral 
approach that integrates epidemiological, 
diagnostic, clinical, and socio-behavioral 
research into the outbreak response. 
Innovative partnerships between scientists 
and policy and programs decision-makers can 
translate science into policy and program-
matic decisions.

? Discussion Questions
 1. What makes for an effective partnership 

in health emergencies?
 2. How can health partnerships do more to 

address longstanding inequality and 
inequity?

 3. Major stakeholders for the conduct of 
research response in health emergencies 
include affected communities, national 
authorities and health systems, research 
organizations, academic centers, NGOs, 
pharmaceutical companies, interna-
tional funders, and WHO.  Choose two 
of  these key players and discuss their 
roles.

 4. COHRED (2000) published guidelines 
to promote and measure fairness in 
research collaboration and partnership. 
What three domains does COHRED 
consider essential to consider in the 
development of  collaborative research?

 5. The emergence and global spread of 
2009 A(H1N1) influenza prompted the 
largest pandemic response ever mounted 
at that time. What areas for improve-
ment were identified in retrospect?

 6. Looking back on the COVID-19 
response, what are some integration and 
implementation successes derived from 
applying previous lessons? What about 
less successful initiatives and unantici-
pated problems?

 7. Are your country and the global infec-
tious disease response system currently 
taking the steps needed to coordinate 
research response to the next pandemic?

 8. Discuss the recommendations made by 
the authors. Do you have additional rec-
ommendations?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 How an infectious diseases emergency 
should be defined.

 5 The fundamentals of the Epicentre model 
and how it compares to academic, private 
sector, and government models.

 5 Some assumptions people make about what 
medical issues matter.

1  Why Epicentre?

Medical humanitarian non-governmental 
organizations (NGOs), among which 
Médecins Sans Frontières (MSF) is perhaps 
the best known, aim primarily to provide med-
ical care to populations affected by conflict or 
disaster or for whom access to care is absent or 
limited. MSF often operates in emergency and 
disaster situations and has developed medical, 
logistics, and financial systems to respond 
quickly and effectively, meaning that MSF is 
among the first organizations to provide a 
medical response. Along with care provision, 

advocacy for patients and populations is a core 
component of MSF’s mission. It has become 
increasingly accepted that clinical research is 
an integral part of emergency response to any 
pathogen for which there are inadequate medi-
cal countermeasures (MCMs) (London 2018; 
CIOMS 2016). Balancing the immediate pro-
vision of vital medical care with the need to 
contribute to research for the development of 
effective therapies and vaccines is not a simple 
task, either ethically or logistically. What, for 
example, is the ethical responsibility of medi-
cal humanitarian responders to contribute to 
research on MCMs that may only be useful in 
future outbreaks? How can MSF and other 
first- response organizations most effectively 
achieve what appear to be the separate and 
possibly incompatible goals of ending an out-
break and developing countermeasures that 
may not be ready for use until after the out-
break has ended? We do not have ready 
answers to all these questions, and indeed 
many will have to be answered case by case, 
based on our experience, the pathogen, the 
population affected, the resources available, 
and many other aspects of each event 
(. Fig. 1).

       . Fig. 1 A woman with her malnourished child, near Sokoto, Nigeria, enrolled in a trial comparing different treat-
ment distribution strategies. (Photo: Taylor Glenn)
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       . Fig. 2 Epicentre pharmacist supporting a clinical trial on a heat-stable rotavirus vaccine in Maradi, Niger. 
(Photo: Eric Bouvet)

Health research, whether basic, transla-
tional, clinical, field, operational, or applied, 
has not been a primary function of humani-
tarian NGOs. In the case of MSF, for exam-
ple, with its primary focus on care provision, 
our satellite (spinoff) organization known as 
Epicentre, adhering to the same core princi-
ples as MSF but with a focus on research, was 
created in 1986. Epicentre was the first group 
of its kind, established within MSF, but with a 
distinct governance structure to preserve the 
distinction between care provision and 
research. Although there has been renewed 
Western scientific and media attention and 
interest in conducting emergency epidemic 
research, Epicentre and many other actors in 
low-income countries have implemented 
research for many decades, if  not more. Here, 
we describe Epicentre as an alternative model 
to the academic, private business, and govern-
mental approach to medical research in emer-
gencies (. Fig. 2).

2  What Is an Emergency?

Emergency response research during an out-
break can have different meanings to different 
actors (7 Chap. 16). Depending on their 
background, culture, education, responsibili-
ties, and interests, actors may have differing 
medical, epidemiological, social, and political 
perspectives, with varying degrees of appreci-
ation for a larger picture. Today, there are over 
70 million forcibly displaced persons and 
about 1 billion people living in about 40 dif-
ferent fragile states—many of them living in a 
permanent state of vulnerability (UNHCR 
2020; World Bank 2020). Billions more live in 
a greater or lesser degree of poverty. Social 
vulnerability generally means vulnerability to 
disease as well, setting the stage for outbreaks 
and other infectious disease events that may 
receive little international or even national 
attention, with several important implications 
(WHO 2021) (7 Chaps. 5 and 16). Four dif-
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ferent meanings of “emergency” have implica-
tions for inclusion of research response.

First, emergencies are perceived as excep-
tional, unexpected events that serve as a trig-
ger for international mobilization, but how 
emergencies are defined and declared varies 
greatly. In a country like Niger, where rigor-
ous research has been successfully conducted 
for many years, there has been little interna-
tional interest in outbreaks of meningitis, 
cholera, measles, or Rift Valley fever. Though 
the population considers some of these events 
emergencies and research is conducted to find 
new solutions to medical problems, results are 
rarely applied to emergencies in other loca-
tions. This is a failure in generalizing research 
results when they do not catch the attention 
of high-income countries.

Second, until recently, pivotal phase II or 
III trials of  a novel vaccine, drug, or diagnos-
tic test during an emergency have been 
 relatively rare and even more so among vul-
nerable populations. The design and imple-
mentation of trials during an epidemic may 
be more complex as well as more urgent than 
 comparable trials in high-income countries 
(7 Chap. 22 and In Focus 22.1). For example, 
while exclusion of participants suffering from 
malnutrition may be routine, malnutrition is 
prevalent in many contexts where disease out-
breaks occur, and understanding the effects 
of  investigational products in malnourished 
patients may be essential for future use. Other 
criteria, such as access to high-quality care, 
may not be applicable, especially if  an already 
poorly resourced health system is under stress. 
Much of the research done in outbreaks in 
the past has been for the purpose of evaluat-
ing an alternative care delivery strategy or 
therapeutic regimen, rather than for the 
 purpose of generating evidence to inform 
licensure of a novel medical countermeasure.

Third, research in emergencies is often 
aimed at a new or reemerging threat where 
there is a lack of existing medical counter-
measures. The emergency-focused approach 
often overshadows well-known, high-burden 
diseases such as cholera or measles, both of 
which can lead to large-scale epidemics, as 
recently seen in the Democratic Republic of 
the Congo (DRC) and Yemen. In 2019, inter-

national media coverage of the DRC Ebola 
outbreak far exceeded that of the concurrent 
measles epidemic there, even as deaths attrib-
utable to measles far exceeded the number of 
cases of Ebola (Ducomble and Gignoux 
2020). The emergence of drug-resistant tuber-
culosis and delays in polio eradication have 
likewise received relatively little media cover-
age. Infectious diseases that could directly 
threaten high-income countries, or which may 
be potential weapons of bioterrorism, arouse 
greater interest in wealthy countries (Hoffman 
and Silverberg 2018).

Fourth, working through governmental 
channels has some limitations. Decisions to 
allocate resources to an outbreak response 
can be conditioned on geographical, histori-
cal, or geopolitical considerations. The 
responses to outbreaks of  Ebola in West and 
Central Africa, for example, have in large part 
followed historical and linguistic ties. Funding 
by rich countries, when needed for a robust 
outbreak response in low-income countries, is 
often contingent on high-level political will. 
And while governments can provide unparal-
leled resources if  the will is there, they can 
also be perceived as supporting unstable or 
illegitimate governments, whatever their 
intentions. Medical response workers during 
recent Ebola outbreaks in the DRC, for 
example, came under attack from local peo-
ple who perceived them as part of  a distrusted 
authority structure (Kraemer et  al. 2020; 
Dyer 2019).

3  A Different Model for Research 
in Health Emergencies

Epicentre was created in 1986 by MSF to sup-
port epidemiology and research within the 
daily medical care programs of 
MSF.  Epicentre’s structural and organiza-
tional model ensures a constant, direct con-
nection between MSF clinicians and research 
teams, whose engagement in public health 
events ensures that research is not ad hoc but 
a matter of course.

For practitioners, this provides a direct 
channel to describe their difficulties and trans-
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late them into research questions. This can 
lead, for example, to evaluation of different 
means to treat and follow up HIV-infected 
patients in high-incidence rural areas, the best 
ways to use imprecise diagnostic tests to diag-
nose tuberculosis, and measures to improve 
oral vaccine performance in infants in sub- 
Saharan Africa. Moreover, practitioners in 
situations where access to information and the 
time to absorb it are limited can turn to 
Epicentre personnel to keep up to date on 
recent scientific advances, thus improving care 
through the application of new knowledge.

Epicentre provides a research model dif-
ferent from an academic or governmental 
model. At its creation, MSF made a strategic 
choice to ensure core funding for Epicentre 
via its own fundraising. This means that from 
project inception to dissemination of results 
and translation of results into access, 
Epicentre focuses more on the research ques-
tion and less on the career and publication 
requirements of academia or the budget cycle 
and political constraints that may come with 
government funding. Epicentre may also be 
able to provide longer-term opportunities for 
research staff  from low-resource countries, 
who may otherwise have no access to depend-
able academic or governmental institutions to 
pursue a career in research. Today, the finan-
cial commitment from MSF remains, but 
Epicentre also receives additional research-
specific funds for specific studies, professional 
development, and laboratory infrastructure to 
keep pace with evolving research methods 
(. Fig. 3).

There have been times when humanitarian 
medical responders have seen the arrival of 
researchers planning a clinical trial as detri-
mental to their goal of saving as many lives as 
possible (Dunning et  al. 2016). Others have 
questioned the ethics of placebo-controlled 
trials during a high-mortality outbreak 
(Adebamowo et al. 2014). But the justification 
for urgent research, including clinical trials, 
during high-mortality emergencies in low-
income countries is exemplified by the licen-
sure of vaccines and therapies for Ebola 
following clinical trials in West Africa and 
then the DRC (FDA 2019, 2020), to say noth-
ing of the rapid development of vaccines dur-

ing the coronavirus disease 2019 (COVID-19) 
pandemic. Measures to improve readiness for 
such research in the event of an epidemic or 
pandemic have become a standard feature of 
preparedness planning (Gobat et  al. 2019) 
(7 Chap. 26). Epicentre, as a long-standing 
epidemiology and research body with a deep 
understanding of emergency infectious dis-
ease response, is well placed to facilitate 
potentially useful research in an emergency.

Moreover, the development and wide-
spread availability of new medical tools can 
too often rely heavily on business interests 
rather than on population needs. Since 
Epicentre remains largely independent from 
influential donors, it can provide a platform to 
advocate for research needs that lack a market 
incentive. Partnerships and contributions to 
multicenter trials add expertise and opportu-
nities to expand the portfolio as well.

The Epicentre model also has its limita-
tions. Research scientists may find this 
approach unfamiliar. Epicentre is not quite a 
Western organization or a low-income coun-
try NGO.  Compensation is deliberately low 
by Western standards, and all staff  members, 
irrespective of their origins, travel and work 

       . Fig. 3 Laboratory staff  performing PCR for anti-
malarial resistance in a drug efficacy trial in Mbarara, 
Uganda. (Photo: Eric Bouvet)
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routinely in insecure settings, which provide 
unique opportunities but also come with 
inherent risk. Epicentre challenges the con-
ventional model of research institutions in 
rich countries providing funding and over-
sight to implementing partners in poor ones. 
This may be an oversimplification, especially 
since research partnerships of all kinds have 
been changing in recent years, but it provides 
an idea as to how Epicentre sees its role.

4  Some Lessons Learned

First, security and economic threats at a 
global scale, or the perception thereof, must 
not remain the sole drivers of  international 
mobilization for research in emergencies. 
With ad hoc mobilization and intermittent 
assistance, the needs of  populations and the 
need to develop medical countermeasures 
for diseases of  epidemic potential often 
remain unanswered. Medical NGOs provide 
critical support in many situations, and MSF 
had the foresight to ensure that research 
could be integrated into this support. 
Second, including local actors in the response 
to epidemics as equals has not always been a 
priority, but it is now generally accepted that 
community involvement in framing research 
is neither optional nor a mere formality 
(7 Chap. 18). Practical difficulties, like 
English-language dominance and working 
habits based on Anglo-Saxon culture, can 
stand in the way. Even aside from language 
barriers, this can lead to de facto exclusion 
or junior status for some partners, due to 
their lack of  experience of  international 
cooperation. Without full partnership, how-
ever, both the benefits and the beneficiaries 
of  research may be limited, and an extra 
effort to include partners who lack experi-
ence is essential (7 Chap. 30).

Third, research needs, study design, and 
implementation can vary depending upon epi-
demiological, social, economic, and political 
contexts, among other factors. The future 
seems especially difficult to predict at this his-
torical moment, and diverse experiences in 

emergency response research create a broader 
set of options that can be applied in uncharted 
terrain. Existing guidelines for good practices 
are useful in familiar situations, and increas-
ing recognition of the importance of coping 
with emergencies has sparked several efforts 
to produce corresponding guidance (CIOMS 
2021; IASC 2019; Nuffield Council on 
Bioethics 2020; WHO 2020a, b). Nevertheless, 
adapting to changing realities and new meth-
ods requires a more substantial set of skills. 
While many of them are described in this vol-
ume, with an effort to elucidate both princi-
ples and practice, making good decisions in 
complex situations with a high degree of 
uncertainty is a skill that requires experience, 
education, and training. It is a problem with-
out any simple solutions, like those we face 
repeatedly in every emergency research 
response.

? Discussion Questions
 1. Who and what do you think deter-

mines which research questions are 
addressed?

 2. What is different about the Epicentre 
model, compared to an academic, pri-
vate sector, or governmental model?

 3. How do you think an emergency should 
be defined?

 4. What assumptions are made about 
what medical problems matter?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The value of standing research partner-
ships, drawing on the example of INA-
RESPOND activities during the COVID-19 
pandemic

 5 How research partnerships such as INA- 
RESPOND are established and maintained

 5 Essential elements for sustainable interna-
tional research networks

1  Introduction

Establishing research capacity in sentinel 
areas where zoonotic diseases are most likely 
to jump to humans is crucial for the early 
detection of emerging pathogens and public 

health emergency preparedness (7 Chaps. 8 
and 10) (Salyer et  al. 2017). Improving 
research capacity strengthens health systems 
and ensures that in-country partnerships and 
institutions are already in place to build upon 
when an emerging infectious disease requires 
an urgent research response. When trained 
research staff  and functioning laboratories 
are supporting established research sites, 
researchers can write study protocols more 
quickly, adapt them to specific conditions 
with their local partners, and implement them 
through tested infrastructure. Such capacity 
building cannot be performed once and then 
left dormant. Ongoing research, focused on 
pathogens of local and international public 
health priority, is needed for personnel to 
remain trained and for infrastructure to 
remain ready (. Fig. 1).

       . Fig. 1 INA-RESPOND 
laboratory staff  demonstrating 
dipstick urinalysis during a 
clinical study training session in 
Central Sulawesi, Indonesia. 
(Photo: Aaron Neal)
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2  The Indonesia Research 
Partnership on Infectious 
Diseases

Through the Indonesia Research Partnership 
on Infectious Diseases (INA-RESPOND), 
U.S. and Indonesian governments collabora-
tively conduct scientific studies and maintain a 
nationwide clinical research network in readi-
ness. The partnership is a joint venture of the 
Indonesia Ministry of Health (MOH) and the 
National Institute of Allergy and Infectious 
Diseases (NIAID) of the U.S. National 
Institutes of Health (NIH). Following a long 
history of scientific cooperation between 
Indonesia and the United States, INA-
RESPOND was formally established in 2010 
through the signing of a bilateral Agreement 
on Scientific Cooperation and an official visit 
to the NIH campus in Bethesda, Maryland, by 
the Minister of Health of Indonesia (INA-
RESPOND 2022). Today, INA- RESPOND 
conducts observational and interventional 
clinical research consistent with MOH priori-
ties, laying the groundwork for evidence-based 
public health policy decisions and building 
sustainable research capacity in Indonesia. 
Network staff publish and present findings 
that ultimately affect treatment, diagnosis 
guidelines, and health policy for Indonesia. 
One example includes an INA-RESPOND 
study on patients hospitalized with an acute 
febrile illness of unknown origin, which found 
an unexpected burden of undiagnosed rickett-
siosis and led the MOH to issue a policy brief  
to increase awareness and promote approaches 
that would improve diagnosis and reduce mis-
diagnosis during hospitalization, since rickett-
siosis had often been misdiagnosed. The study 
also produced (. Fig. 2) several peer-reviewed 
papers (Lokida et al. 2020).

INA-RESPOND works under the gover-
nance of a central steering committee compris-
ing representatives from Indonesian and U.S. 
governments, network hospitals, and other 
stakeholders. All activities across the network 
of 20 sites are coordinated centrally by a sec-
retariat located at the MOH in Jakarta. The 
secretariat has developed and houses expertise 
in research site development and manage-

ment, monitoring, protocol development and 
implementation, financial oversight, regula-
tory support, agreements and contracts, data 
management, data analysis, and  dissemination 
of results. Network staff  coordinate closely 
with the MOH, NIAID, the academic and 
hospital sites that compose the network, and 
RSU Kabupaten Tangerang, a district hospi-
tal west of Jakarta that houses the INA- 
RESPOND central reference laboratory. 
These bodies support ongoing research that 
maintains network capacity between out-
breaks, provides ongoing staff  training and 
opportunities for potential partners, and 
develops and tests laboratory capacity so that 
detection, diagnosis, and emergency response 
capacity continually improve. Unlike the indi-
vidual grant- or project-centered model of 
research collaboration typically seen in the 
academic research community, INA- 
RESPOND is sustained at a fundamental 
level by its government partners. This means 
that when a particular project ends, the part-
nership persists and moves on to the next 
research area of interest as it remains ready to 
respond to an outbreak or epidemic.

With over 10  years of capacity building 
and clinical research experience, INA- 
RESPOND was well prepared to serve as a 
critical element of the Indonesian MOH’s 
national COVID-19 response when the virus 
was first detected in the country on March 2, 
2020. Prior to the first identified case, INA- 
RESPOND reference laboratory staff  were 
able to secure scarce, experimental diagnostic 
reagents through the Network’s partnership 
with NIAID. This allowed the lab to immedi-
ately begin testing suspected cases and serve 
as the central testing authority for Banten 
province and its population of approximately 
13.16 million. As COVID-19 spread, the 
MOH relied on INA-RESPOND to assess 
policies on serological diagnostic tests, vali-
date neutralizing antibody assays, and coordi-
nate international research study activities, 
including for the WHO Solidarity Trial in 
Indonesia. At the same time, INA-RESPOND 
worked with existing partners at NIAID and 
the International Network for Strategic 
Initiatives in Global HIV Trials (INSIGHT) 
to implement multi-site COVID-19 observa-
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       . Fig. 3 Laboratory capacity 
built at RSU Kabupaten 
Tangerang through the 
INA-RESPOND partnership. 
(Photo: Chuen-Yen Lau)

tional and interventional studies, including a 
double-blind randomized controlled trial of 
hyperimmune intravenous immunoglobulin in 
patients hospitalized with COVID-19 (INA- 
RESPOND 2022). In every case, the ability of 
INA-RESPOND to substantially enhance 
Indonesia’s response to COVID-19 was the 
direct product of long-term, sustained 
research capacity building (. Fig. 3).

3  Essential Elements for a Stable 
International Research Network

Our experience in Indonesia highlights several 
essential elements for a stable international 
research network. A formal agreement 
between sponsoring governments imparts 
authority and credibility, as well as ensuring 
that officials responsible for funding deci-
sions, necessary permits, and authorizations 
will be engaged. This was essential in the rapid 
response to COVID-19, where import per-
mits, regulatory permits, and formal review 
processes were expedited. Involving high-level 
stakeholders also permits direct and sanc-
tioned access to the most relevant institutions 
for conducting research. Clinical trials target-
ing specific populations, directed specimen 
collection efforts from at-risk communities, or 
surveillance activities focused on specific dis-
ease areas require access to hospitals, clinics, 
and field sites that may be otherwise inacces-
sible to non-government entities, like foreign 

academic researchers. A relationship at the 
government-to-government level supports 
clear communication channels between insti-
tutional leaders in both nations, allowing 
research results, experiences, and scientific or 
clinical guidance to be disseminated rapidly to 
public health decision-makers. In any arrange-
ment, both partner countries must benefit: the 
host country gains the benefit of improved 
infrastructure for research, clinical care, and 
health policy guidance, while the external 
partner benefits from refined prevention strat-
egies to keep an epidemic from spreading 
globally or at least mitigating the impact if  it 
does spread. Bilateral investment gives both 
sides a sense of ownership.

Strong relationships built on trust, 
 transparency, and honest give-and-take com-
promises make it easier to manage challenges 
or conflicts, such as cultural differences, fund-
ing shortfalls, political changes, or an emer-
gency response to a new outbreak. A history 
of NIAID and Indonesian MOH personnel 
working side by side builds collaboration and 
relationships to support a coordinated emer-
gency research response in case of need, facil-
itating development of medical 
countermeasures like vaccines and therapeu-
tics for the partners and ultimately the world. 
This could not be more apparent during the 
COVID-19 pandemic, where the years of rela-
tionship and trust building that had gone into 
INA-RESPOND were able to sustain the 
partnership during times of significant uncer-
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tainty, immense pressure, and long-distance 
engagement.

Should an emerging infection be detected, 
INA-RESPOND would collect clinical infor-
mation and analyze related specimens through 
an active general infectious disease research 
protocol. Protocols and sub-studies to exam-
ine specific aspects of the outbreak could be 
rapidly developed and initiated, as was the 
case with COVID-19. INA-RESPOND’s 
already active general surveillance protocol 
ORCHID, which was designed to be both 
comprehensive and flexible, was immediately 
repurposed to target suspected COVID-19 
cases. Ongoing studies on febrile illnesses, 
tuberculosis, HIV, parasitic diseases, and 
pediatric pneumonia ensure that the necessary 
personnel, infrastructure, and relationships 
are functioning. In the course of a research 
response, partners would start with their exist-
ing roles in the network and tailor their work 
to the disease at hand. Ongoing partnerships 
can help prevent impeded responses due to 
differences between nation states over intellec-
tual property rights or data ownership. 
Pathogens are unaffected by borders, but 
responses can be hindered by legal and politi-
cal obstacles to sharing samples and data.

4  Conclusion

We expect INA-RESPOND to continue over 
the long term and expand by bringing in addi-
tional partners. The network has already 
undertaken collaborations with the Kirby 
Institute at the University of New South 
Wales on options for treatment of HIV. This 
growth, while directly beneficial for future 
HIV care in Indonesia, has helped move the 
network from hypothesis-generating observa-
tional studies to interventional studies in a 
natural, mentored way. The results from this 
study will provide data on the efficacy of anti- 
retroviral drugs not yet licensed in Indonesia, 
potentially leading to licensure and improved 
access to lifesaving medications. During the 
COVID-19 pandemic, the existing capacity of 

the INA-RESPOND reference laboratory 
attracted interest from external groups, 
including scientists at Columbia University 
interested in collaborating on pathogen 
sequencing. Though the short-term focus of 
the collaboration is on immediate capacity 
building and identifying SARS- CoV- 2 vari-
ants in Indonesia, the long-term vision is to 
include Indonesia in a global network of 
research sites focused on pathogen surveil-
lance by sequencing.

Advanced development and maintenance 
of a research network, coupled with continu-
ous enhancement of its research capacity, is a 
strategic approach to epidemic preparedness 
and response. It averts much of the chaos and 
wasted resources that come with trying to 
mount a rapid research response from noth-
ing during an epidemic. Indonesia, with both 
middle-income and less developed areas, and 
INA-RESPOND can serve as a model for cre-
ating research capacity in more challenging 
environments (Karyana et al. 2021).

? Discussion Questions
 1. Discuss the advantages of  pre-existing 

research partnerships.
 2. How are research partnerships estab-

lished and maintained?
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VII

Research Operations
Laura A. McNay

Parts I–VI of this volume provide broad perspectives on the prin-
ciples and practice of emergency research response. Part VII puts 
us on the ground, as it were, from the perspective of those facili-
tating and conducting emergency clinical research operations, 
both in the United States during the COVID-19 pandemic and in 
West and Central Africa during Ebola emergencies. Most of Part VII 
describes how research teams met the requirements for a scien-
tifically and ethically sound clinical research program in low 
resource and sometimes insecure settings, describing some of the 
obstacles they had to overcome and providing future response 
teams with a sense of how the elements of high-quality clinical 
research can be brought together relatively quickly even when 
almost none are there to begin with.

Gregg Larson and coauthors (7 Chap. 31) recount some of the 
obstacles they encountered during the urgent research response to 
the COVID-19 pandemic in the United States and advise on future 
preparedness measures. Larson and Laura McNay (7 Chap. 32) bring 
their professional experience to bear on launching clinical research 
operations where there is little research capacity and meager 
healthcare infrastructure, setting the stage for the rest of Part 
VII. Larson (7 In Focus 32.2) also provides a primer on insurance and 
liability, lack of which can delay or prevent essential research. 
Jerome Pierson begins 7 Chap. 33 with the requirements for ethical 
review where existing research ethics committees may have limited 
capacity. Fatorma Bolay (7 In Practice 33.1) narrates the strengthen-
ing of Liberian ethical review capacity during the Ebola emergency 
there. Susan Vogel and Pierson (7 In Practice 33.2) explain how 
independent monitoring was ensured during the West Africa Ebola 
response. Barbara Sina and John Tierney (7 In Practice 33.3) revisit 
capacity building, this time specifically for research ethics review.

Mike Galcik and David Parrish (7 Chap. 34) delineate the essential 
information and communication technology requirements for a 
research response, along with workarounds when infrastructure 
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leaves something to be desired. Laurie K. Doepel and Hassan Kiawu 
(7 Case Study 32.1) discuss another aspect of communications and 
interactions with the press and broadcast media. Data manage-
ment (7 Chap. 35) is sometimes neglected but indispensable part 
of clinical research, as Harry van Loen and colleagues explain. Phar-
macovigilance (7 Chap. 36)—monitoring for unexpected or untow-
ard adverse effects of an investigational medicine—ensures one of 
the two basic assessment goals of clinical research and safety; Marc 
Teitelbaum et al. explain the concept and provide recommenda-
tions for successfully managing pharmacovigilance in emergencies.

Logistical support for clinical research sites (7 Chap. 37) can be 
problematic in countries with relatively few transport options, espe-
cially when some of them may be suspended during an infectious 
disease emergency. Beth Baseler et al. summarize the needs, includ-
ing strong partnerships; export–import, transportation, supply, and 
equipment management; waste management; and in-country 
logistics staff. Introducing chapters with a more specific focus, Matt 
Kirchoff (7 Chap. 38) describes what the pharmacy operation of a 
clinical research program needs and how to get one set up when 
supplies and equipment may have to come from another continent. 
Dan Littlefield (7 Chap. 39) elucidates the cold chain required to get 
pharmaceuticals, especially investigational new drugs, from a pro-
ducer to a remote clinical research site, and explains the electrical 
supply obstacles at some sites and how to address them.

Olivier Tshiani Mbaya et al. (7 Chap. 40) describe site selection cri-
teria, provide checklists for site activation, and lay out criteria to 
ensure that trial protocols can be implemented. Essential for both 
site selection and ongoing operations is a security assessment and 
appropriate security management, as explained by Billy Sivahera 
and colleagues (7 Chap. 41). Finally, Beth Baseler et al. (7 Chap. 
42) provide an adaptable framework based on team communica-
tions, collaboration, partnership, and mutual respect for identify-
ing, hiring, and training staff. The reader should complete this 
section with an even greater sense of the complexity of a clinical 
trial, especially when we consider many things taken for granted 
in developed countries, like clean water and power, fast internet, 
and an array of existing clinical trials sites and other medical infra-
structure.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Why a national or global research agenda is 
needed for optimal operational planning 
for clinical research in response to an infec-
tious disease emergency.

 5 Operational disciplines essential for sup-
porting clinical trials during an emergency 
research response.

 5 Factors facilitating the rapid design and 
implementation of the Randomised Evalu-
ation of COVID-19 Therapy Trial 
(RECOVERY).

 5 Based on implementation and conduct of 
the ACTIV-3 research program, measures 
that can:
 – Accelerate the start of a research study
 – Expedite prudent clinical site selection 

and activation
 – Streamline compliance with regulatory 

requirements
 – Clarify and expedite essential agree-

ments and documents
 – Simplify agreement on adequate re-

search liability coverage
 – Establish beneficial pharmaceutical col-

laboration

1  Background

Experience with both the Ebola and corona-
virus disease 2019 (COVID-19) responses 
recounted here may help researchers antici-
pate, avoid, and overcome barriers to research 
mobilization in future outbreaks. Operations 
in the research response to the Ebola out-
breaks of  2014–2016  in West Africa and 
2018–2020 in the Democratic Republic of  the 
Congo (DRC) foreshadowed operations in 
the COVID-19 research response. The experi-
ence gained during the Ebola outbreaks in 
West Africa and the DRC was informative, 
and research conducted then helped win 
broad acceptance of  clinical research as an 
integral part of  emergency response to an 
infectious disease outbreak (NASEM 2017). 
The hope that safe and effective vaccines, 
therapeutics, and diagnostics (VTDs) could 
be developed in time for distribution during 

an emergency was realized during the 
COVID-19 pandemic. At the same time, 
implementing a vastly larger research 
response in high-income countries meant 
overcoming other obstacles associated with 
coordination of multiple countries and gov-
ernments, clinical trial networks, and indus-
try partners.

The massive resources directed to acceler-
ated COVID-19 emergency response research 
in 2020 focused on the safety and efficacy of 
numerous VTDs. The effort was successful, 
yielding essential data for their authorization, 
approval, or a finding of little or no benefit. 
While it ultimately reduced pandemic morbid-
ity and mortality, limited planning for acceler-
ated research on such a scale hindered a rapid, 
coherent response. Moreover, COVID-19 adap-
tive platform trial designs added complexity 
not found in traditional Phase III clinical trials 
that compare a single intervention with a con-
trol arm. The response research demonstrated 
the need to prepare for VTD development, clin-
ical assessment, and implementation while the 
world is not facing a pandemic emergency and 
to respond coherently from the moment a 
novel, re-emerging, or significant new variant 
of a pathogen with pandemic potential is iden-
tified. In a world where novel infectious disease 
outbreaks appear to be increasing, thanks in 
part to climate change and human encroach-
ment on wildlife habitat, planning for a rapid 
research response must be an integral part of 
global health security preparedness (Bedford 
et al. 2019; Carter et al. 2021; Finlay et al. 2004; 
Goossens et al. 2022; Hashem et al. 2020; Lurie 
et al. 2013; NASEM 2017; Olliaro and Torreele 
2022; Sigfrid et al. 2020).

Operational challenges and recommenda-
tions for future emergency research response 
are illustrated with examples from the 
Randomised Evaluation of COVID-19 Therapy 
(RECOVERY) study in the UK (7 In Focus 
14.1 and 15.1), the U.S.-based Accelerating 
COVID-19 Therapeutic Interventions and 
Vaccines (ACTIV) public-private partnership 
(Goossens et  al. 2022; LaVange et  al. 2021) 
(7 Chap. 15), and the Strategies and Treatment 
for Regulatory and Viral Emergencies 
(STRIVE) protocol proposal developed by the 
International Network for Strategic Initiatives 
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in Global HIV Trials (INSIGHT) for the 
ACTIV partnership (STRIVE 2023).

2  Key Operational Considerations

2.1  Planning During an Emergency

Despite early steps during the severe acute 
respiratory syndrome coronavirus (SARS- 
CoV, retronym SARS-CoV-1) outbreak in 
2003–2004 and progress during the 2009 
H1N1 influenza pandemic, clinical trials dur-
ing the Ebola virus disease outbreaks from 
2014 to 2020, and more than two decades of 
stepped-up efforts to prepare for a pandemic, 
the world was not ready for COVID-19. 
Recognition among scientists and health agen-
cies that future pandemics were likely did not 
lead to effective preparedness planning for 
clinical research that could be implemented 
concurrently with development of clinical trial 
protocols or adaptation of advance protocols 
(Abelin et al. 2011; Angus et al. 2020; Hatchett 
et al. 2007; Madhav et al. 2017; Marston et al. 
2017; Rojek and Horby 2016; WBG 2017).

During an emergency research response, 
rapid generation of a coordinated, rigorous 
national or global research agenda is needed 
as soon as possible to inform clinical trial 
designs and guide operational planning. The 
clinical research operational response needs 
to proceed in parallel with agenda and proto-
col development and should commence as 
soon as a protocol concept is identified. 
Delaying essential operational decisions 
because a protocol is not finalized sets the 
stage for a multitude of woes. The many fac-
tors involved in implementing a protocol 
require that planning and implementation go 
hand in hand. The typical, sequential cadence 
of clinical trial implementation, absent an 
emergency, is not sufficient. A quick start will 
mean more trial modifications as plans and 
protocols change, but this is an emergency 
cost that must be borne. In addition, prospec-
tive consideration of scientific and opera-
tional requirements will inform decisions 
about what is essential versus what can be 
elided during an emergency. Substantive 
 ethical and scientific standards, however, must 
never be loosened or compromised 
(7 Chap. 4) (. Fig. 1).

       . Fig. 1 Timeline of  accelerated research response in Operation Warp Speed. (GAO 21-319, USG public domain)
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2.2  Parallel Scientific 
and Operational Actions

Many activities must be conducted simultane-
ously to support the development and imple-
mentation of an emergency research program. 
The need for single, multiple, or platform trial 
design protocols will broadly determine the 
complexity of the research structure. Once 
protocol concepts receive approval, scientific 
and operational teams should begin to con-
currently develop the actual protocol. 
Presumably, these teams will already have 
been assembled from the statistical, data man-
agement, and operations centers assigned 
responsibility for the emergency research 
response. Operations personnel should par-
ticipate in scientific discussions to ensure that 
science and operational planning are synchro-
nized as much as possible, and both should 
benefit from an understanding of each other’s 
expectations and needs. The ground covered 
during these scientific discussions will be both 
broad and shifting as the protocol concept 
advances to a fully developed protocol. A list 
of likely scientific topics, while hardly exhaus-
tive, follows. Operational aspects of many of 
these topics are also described in greater detail 
in this section of this book.

 5 Standard of care for all trial participants
 5 Investigational medicinal product(s)
 5 Trial participant recruitment targets
 5 Participant inclusion and exclusion crite-

ria
 5 Time and event schedules for participant 

baseline and follow-up visits and diagnos-
tic testing

 5 Site monitoring frequency and mode (on- 
site or remote)

 5 Estimated number and locations of clini-
cal sites

 5 Personnel protective equipment, diagnos-
tics, and other infection control measures 
needed for research staff

 5 Contractor roles, e.g., laboratory specimen 
shipping, analysis, and storage investiga-
tional product management, pharmaco-
vigilance, site monitoring, and logistical 
services

 5 Clinical site pharmacy requirements and 
supply needs

 5 Data collection methodology (hard copy 
or electronic), management, reporting, 
and security needs

 5 Data and safety monitoring board 
(DSMB) organizational plans and review 
schedules

 5 Safety monitoring and reporting require-
ments

 5 Access to investigational product data
 5 Human subject protections and partici-

pant consent language that addresses 
unspecified future uses of research  
samples

 5 Access to trial data and publication of 
study results

As it gains an understanding of the scientific 
team’s expectations and needs, the operations 
team can concurrently proceed to develop 
plans for:

 5 Contractual support as needed, e.g., from 
contract research organizations (CROs)

 5 Vendors able to supply goods and services, 
including both global CROs and more lim-
ited, specialty services (e.g., outpatient 
phlebotomy, contract nurses, etc.)

 5 Funding, including sources and distribu-
tion of funds to clinical sites

 5 Identification and launch of clinical sites, 
preferably those with adequate facilities, 
experienced staff, and ability to enroll 
research participants

 5 Adequate support staffing of teams and 
sites, with quick augmentation if  neces-
sary

 5 Financial and regulatory remedies for 
institutional bottlenecks in the protocol 
implementation and site initiation pro-
cess

 5 Execution of clinical trial agreements and 
material transfer agreements with collabo-
rating countries, investigational product 
agreements and data sharing agreements 
with manufacturers, and agreements that 
transfer sponsor and regulatory responsi-
bilities

 5 Purchase of clinical trial insurance cover-
age and indemnification

 5 Internal and external communications
 5 Overall project management, communica-

tion, and Web site development
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Well-synchronized planning should enable the 
operational team to create a dynamic check-
list of implementation items by each opera-
tional discipline as the protocol evolves. The 
team should prospectively define paths for 
decision-making and quickly identify and ele-
vate issues that require higher-level resolution 
(e.g., study objectives for achieving product 
registration or emergency use authorization 
or the potential that multiple studies could 
compete for participants).

3  The RECOVERY Trial

The following key elements facilitated the 
remarkably rapid design and initiation of the 
RECOVERY study in the UK, with an 
emphasis on trial simplicity (Flanagan 2020; 
Kupferschmidt 2020; RECOVERY Trial 
2022). The first participant was enrolled 
9 days after the full protocol was written and 
2  days after it was approved. The first 1000 
participants were enrolled in 16  days 
(Goossens et al. 2022) (7 In Practice 14.1 and 
15.1). Noteworthy features of the trial 
included the following:

 5 A short, 20-page protocol with an adap-
tive design and a very limited number of 
primary endpoints.

 5 Accelerated (9 days) ethical and regulatory 
approval.

 5 All documents freely available online, 
including the protocol, approvals, prior 
meeting slides and minutes, and training 
materials.

 5 A five-page consent form and one-page 
case report form completed at bedside by 
clinicians.

 5 Accelerated data collection and processing 
through the UK National Health Service 
(NHS) Digi Trials.

 5 Fast publication of adaptive, platform 
trial results as trial arms were stopped for 
efficacy, safety, or futility and new arms 
started (RECOVERY Collaborative 
Group 2020, 2021).

 5 Simplified credential verification require-
ments for investigators—any qualified staff  
member could act as a principal investiga-
tor (PI), waiving the need for the PI to pro-

vide a curriculum vitae and a good clinical 
practice (GCP) certificate (while no GCP 
training was required, all staff completed 
study background training).

 5 Any doctor with a prescribing license 
(General Medical Council credentials) 
could prescribe.

 5 Simplification of site identification, with 
any hospital caring for eligible patients 
considered suitable to take part in the trial.

 5 Outreach to all doctors by UK Chief 
Medical Officers to strongly encourage 
participation in COVID-19 trials.

 5 A facile consent process with PIs autho-
rized to determine that staff  members 
(e.g., medical students) had the necessary 
experience and training to obtain informed 
consent.

 5 A single, non-negotiable, non-commercial 
site contract, with site email confirmation 
sufficient to proceed.

The RECOVERY study team expedited pro-
tocol development by using existing protocols 
developed for Middle East respiratory syn-
drome (MERS) research. Besides the efficien-
cies of the centralized and standardized NHS 
structure, the team capitalized on routine 
NHS data collection, with key events such as 
death and intensive care unit admission 
extracted directly from existing data streams.

4  The ACTIV-3 Trials

4.1  Background on the National 
Institutes of Health (NIH) 
Clinical Research Infrastructure

The COVID-19 emergency made it imperative 
for multiple NIH institutes and centers (ICs) 
and their extramural clinical trial networks to 
overcome barriers that hindered collabora-
tion. While there are common U.S. govern-
ment and NIH policies that apply to all, the 
27 ICs have considerable autonomy to develop 
additional guidelines and policies that meet 
their specific research needs. Even within a 
single institute, such as the National Institute 
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       . Fig. 2 Summary of  ACTIV-3 trial of  inpatient monoclonal antibodies and other therapies. (NIH, USG public 
domain)

of Allergy and Infectious Diseases (NIAID), 
several divisions conduct extramural research, 
each with slightly different internal proce-
dures and contract support mechanisms.

This diversity of approach works well 
absent an overriding emergency. When multi-
ple NIH networks sought to collaborate and 
implement the ACTIV clinical research port-
folio, however, integration was challenging. 
The ACTIV portfolio consisted of six plat-
form clinical trials that targeted distinct, some-
times overlapping patient populations with 
different treatments. Some sites hosted multi-
ple trials, occasionally with conflicting recruit-
ment priorities (NIH 2021a) (7 Chap. 15).

By harnessing NIH clinical trial networks 
addressing human immunodeficiency virus 
(HIV), heart and lung research, and more, 
ACTIV tapped experienced clinical trialists 
familiar with government and regulatory 
requirements in the USA and internationally. 
Their networks of existing clinical research 
sites were supplemented by community hospi-
tals and clinics, scientific input from industry 
and the NIH, and support from non-profits. 
This approach enabled ACTIV to enroll the 
trial populations needed to answer important 
research questions and assess therapeutic 
interventions at different points in disease 
progression. Despite these advantages, the 

NIH community had to overcome numerous 
administrative, contracting, and bureaucratic 
obstacles that hindered rapid implementation.

4.2  ACTIV-3

The lessons learned from the ACTIV research 
program are still a work in progress, subject to 
future analysis in government reports and 
academic papers. Even without polished con-
clusions, a microcosm of experience can be 
related on the implementation and conduct of 
ACTIV-3 (NIH 2021b). ACTIV-3 was a col-
laboration of two NIH institutes1 and five 
clinical trial networks.2 The ACTIV-3 master 
protocol, TICO (Therapeutics for Inpatients 
with COVID-19), was an in-patient, adaptive 
platform trial that assessed six investigational 
products for safety and efficacy (. Fig. 2). It 

1 National Heart, Lung, and Blood Institute (NHLBI) 
and National Institute of  Allergy and Infectious 
Diseases (NIAID).

2 International Institute for Strategic Initiatives in 
Global HIV Trials (INSIGHT), Cardiothoracic 
Surgical Trials Network (CTSN), Prevention and 
Early Treatment of  Acute Lung Injury (PETAL), 
the U.S. Department of  Veterans Affairs (VA), and 
the NIAID Division of  Clinical Research (DCR).
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opened in August 2020 and enrolled 2753 par-
ticipants at 115 clinical research sites affiliated 
with collaborating networks spanning five 
continents. Although TICO enrollment closed 
in April 2022, other ACTIV-3 research fol-
lowed:

 5 ACTIV-3b Therapeutics for Severely Ill 
Inpatients with COVID-19 (TESICO), a 
study evaluating the safety and efficacy of 
investigational agents aimed at improving 
the outcomes of participants with COVID- 
19- related acute respiratory failure (NIH 
2021c). This study closed in November 
2022.

 5 Vaccination for Recovered Inpatients with 
COVID-19 (VATICO), a sub-study of 
recovered TICO participants who had 
received certain investigational agents or 
placebo in TICO. They were offered open- 
label Moderna and Pfizer vaccinations and 
followed for 48 weeks to determine dura-
bility of response (NIH 2021d). This study 
closed in December 2022.

4.3  Surmounting Obstacles 
in ACTIV-3

The following sections focus on recommenda-
tions to accelerate emergency research 
response in several specific areas. Past infec-
tious disease research conducted by NIH in 
West Africa during Ebola outbreaks, as well 
as COVID-19 research during the pandemic, 
have informed these recommendations. While 
diseases, incidence, interventions, and envi-
ronments differed, many similar organiza-
tional, financial, bureaucratic, and regulatory 
barriers hindered the emergency research 
response. The documentation of such barriers 
in reports and articles is extensive and includes 
recommendations to avert repetition, but 
practical solutions still seem to demand rein-
vention in successive outbreaks.

Improved preparedness and response after 
COVID-19 needs to build on continued 
COVID-19 research, as well as the effort to 
develop candidate VTDs for other virus fami-
lies known to infect humans (Cassetti et  al. 
2022). “Warm-base” functioning clinical trial 

networks responsive to U.S. government and 
coordinated research agendas are essential to 
a rapid research response distinguished by 
speed, flexibility, quality, and efficiency. In 
October of 2022, NIH asked the INSIGHT 
research network to develop a master proto-
col for prospective respiratory and viral trials 
in hospitalized participants. The resulting 
Strategies and Treatment for Respiratory and 
Viral Emergencies (STRIVE) protocol is a 
collaborative effort with other U.S. and inter-
national trial networks and the NIH (NIH 
2022). In addition to the rapid implementa-
tion benefits of this approach, STRIVE also 
promises more demographic diversity, with 
reliance on a suite of international coordinat-
ing centers able to build infrastructure when 
and where it might be needed.

4.3.1  Accelerated Research 
Start-Up

A variety of steps can be taken to speed up 
preparations for clinical trial research during 
a public health emergency. There are two 
basic, easily understood approaches for doing 
so:
 1. During an emergency, requirements for 

response research and funding get top pri-
ority with the entities responsible for them.

 2. Steps normally conducted sequentially are 
conducted in parallel (e.g., scientific and 
ethical reviews are pursued simultane-
ously), while operational arrangements 
proceed apace without waiting for final 
protocol approval.

One principle, however, must be paramount 
when departures from standard research 
practice are undertaken. There can be no 
compromise of scientific or ethical principles 
that would jeopardize participant safety or 
reliable study results (7 Chap. 3). Recom-
mendations:

 5 Collaborations of multiple research net-
works, countries, and sites should quickly 
establish a high-level combined working 
group with funder, sponsor, regulator, 
researcher, national, and international rep-
resentatives to overcome legal and regula-
tory hurdles and institutional barriers.
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 5 Early agreement on a research concept 
that can serve as the basis for accelerated 
development of a final protocol is essen-
tial. This requires scientific and opera-
tional leadership committed to an 
accelerated development schedule com-
mensurate with the emergency and avail-
ability of resources. An uncomplicated, 
effective trial design, and trial mechanics 
sufficient to answer the basic research 
question should be employed.

 5 A well-designed protocol, with broad par-
ticipant eligibility criteria, is a necessary 
condition for short case report forms and 
other streamlined data collection instru-
ments. Research documents that can be 
quickly prepared and are limited in num-
ber will simplify clinical staff  training and 
expedite regulatory review.

 5 Harmonization of safety reporting, stan-
dard of care, diagnostic testing, specimen 
collection, and site registration require-
ments (e.g., GCP and GPP training, 
informed consent requirements, etc.), gen-
erally under International Conference on 
Harmonisation of Technical Require-
ments for Pharmaceuticals for Human 
Use (ICH) guidelines, should bring com-
mon standards to the collaborating clini-
cal trial networks.

 5 Multiple ethics committee reviews could 
delay trials and need to be expedited or 
consolidated, preferably as a preparedness 
step rather than during an emergency 
response.

 5 Centralized leadership, statistical and data 
management, operations, pharmaceutical 
distribution, and a specimen repository 
are interdependent. To the extent possible, 
their co-location under unified manage-
ment can enhance communication, stream-
line progress, and reduce institutional 
barriers.

 5 An independent data and safety monitor-
ing board should be immediately estab-
lished to regularly review research results.

 5 Construction of a research website also 
should begin immediately. It will be modi-
fied over time to foster communications, 
disseminate documents and vital informa-
tion, and track research progress.

4.3.2  Prudent Clinical Site Selection
Pandemic emergency clinical trials will 
require multiple clinical sites to recruit and 
follow enough participants for statistically 
robust results. Geographic diversity will help 
ensure that trial results are broadly generaliz-
able and applicable to populations that differ 
by gender, income, race, ethnicity, or other 
characteristics. Clinical site recruitment 
effectiveness will depend on multiple vari-
ables, such as research experience, relations 
with the surrounding communities, location 
relative to disease incidence, essential 
research capabilities (e.g., pharmacy, labora-
tory, imaging, specialized treatment 
resources), institutional and national govern-
ment support, transportation infrastructure, 
and alliances with established research net-
works (7 Chap. 40). Recommendations 
include the following:

 5 A directory of experienced clinical trial 
networks should be established and main-
tained. Infectious disease networks that 
bring multiple countries and sites to a 
research endeavor are particularly valuable 
for coordination of research programs and 
expedited implementation. Other experi-
enced research networks, not focused on 
infectious diseases, also can significantly 
contribute if  they are able to quickly 
repurpose and adapt to work on pandemic 
trials. In addition to publicly funded net-
works, the directory should include phar-
maceutical industry networks engaged in 
VTD development and production 
research.

 5 Because research sites cannot be moth-
balled and easily brought back to life, net-
work clinical sites should be engaged in 
ongoing, high-quality research during 
interpandemic periods. Ideally such 
research will either contribute to pandemic 
preparedness or develop VTD for diseases 
of concern at the research locations. As a 
preparedness measure, public funding for 
clinical trial networks and ongoing trials 
should be conditioned on a written under-
standing that clinical sites will transition 
from interpandemic research to emergency 
research as specified in the funding docu-
ments.
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 5 While it was necessary to bring in new sites 
during the COVID-19 pandemic (McNay 
et al. 2021), those with a solid track record 
in clinical trials and participant recruit-
ment should be favored over those with 
eagerness and enthusiasm, but little expe-
rience. When time is limited, sites lacking 
research history are difficult to integrate 
into an urgent, complex research program.

 5 Assess prospective site recruitment poten-
tial. The likelihood of emerging infectious 
disease outbreaks in particular places 
should be considered when selecting and 
funding clinical research sites (7 Chap. 
10). With a new outbreak, the current and 
potential geographic incidence of the dis-
ease under study is a primary concern. An 
expanding outbreak will affect trial imple-
mentation, including the need for addi-
tional sites, locations, and participant 
recruitment. An outbreak could also wane 
faster than expected, whether on its own 
or due to a successful public health or clin-
ical research response (Kennedy et  al. 
2016).

 5 Recognize that existing networks, clinical 
sites, and investigators may have preferred 
methodologies and differing approaches 
to clinical trials. There is little room, how-
ever, for substantial deviation from stan-
dards (e.g., ICH Good Clinical Practice) 
that are recognized by stringent regulatory 
authorities. Research that does not meet 
those standards will not produce results 
acceptable to regulators for VTD authori-
zation or approval.

 5 Ensure that the proposed research is fully 
supported by institutional and site investi-
gators and will not be adversely affected 
by conflicting priorities or ongoing 
research that recruits from similar popula-
tions.

 5 Potential networks, sites, and partner insti-
tutions should understand and concur 
with proposed financial arrangements. 
Compensation usually covers a mix of 
fixed costs (e.g., start-up investigator com-
pensation, other staffing, pharmacy, and 
monitoring expenses) and variable costs, 
based on projected study enrollment and 
actual documentation of participant care. 

Reasonable compensation should be set by 
trial leadership at the outset of site recruit-
ment. Despite differences in institutional 
settings and locations, reimbursement 
should be standardized to avoid time- 
consuming negotiations, dissatisfaction 
over unequal funding, and lack of trans-
parency.

 5 Give preference to sites that will rely on 
central research ethics committees or insti-
tutional review boards (RECs or IRBs), 
rather than requiring separate reviews.

 5 Build a logistics checklist and give prefer-
ence to sites able to implement the research 
with the least assistance. Prospective clini-
cal sites must demonstrate that they have 
the necessary technical and logistical 
resources to conduct the trial, collect data, 
and enter data into a central database. 
Required resources may include adminis-
trative, laboratory, and imaging support, a 
functional pharmacy, communication and 
data collection capacity, specialized medi-
cal treatment, language services, security, 
and sufficient, functional space for staff  
and participants.

 5 Give preference to sites that have compre-
hensive, flexible capabilities that can be 
swiftly reallocated and sites that can access 
additional staff, expertise, and resources 
when necessary for the research effort.

 5 Within each country, leadership should be 
centralized at a single institution with a 
responsible lead investigator. Competing 
national leadership centers will complicate 
and delay trial implementation.

4.3.3  Timely Clinical Site Activation
Before a clinical site can be activated to 
recruit, enroll, and follow trial participants, 
many tasks must be undertaken by the trial 
operations center (7 Chap. 32), the institu-
tion hosting the site, and the site itself. The 
primary task will be establishment of formal 
financial relationships between institutions 
hosting eligible clinical sites, or their affiliated 
networks, and the research operations center. 
Logistical requirements should have largely 
been satisfied during site selection, although 
there may be some consequential financial 
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matters related to logistics that must be 
addressed at this stage. Other regulatory and 
pharmaceutical requirements must also be 
satisfied after site selection, but before activa-
tion; they are addressed separately in the sec-
tions that follow.

Contracts must be negotiated that define 
financial compensation for the research con-
ducted in accordance with statements of 
work. Presumably, the clinical research sites 
would have already concurred with the com-
pensation policies during site selection. Under 
such contracts, funding and work require-
ments normally go through various interme-
diate levels of administration and 
coordination. For example, an international 
site in the INSIGHT network might receive 
funding from the research operations center 
that passes through a regional coordinating 
center and/or a country coordinating center. 
Other networks may have unique hierarchical 
structures that must be reflected in their 
 layered contracts, while stand-alone, 
 non- network sites may have direct, single-
institution contractual relationships with the 
research operations center. Recommendations 
include the following:

 5 Begin development of standardized opera-
tions center contracts that reflect the fixed 
and variable compensation amounts estab-
lished for all sites participating in the 
research.

 5 Provide some upfront funding to sites for 
costs related to international and national 
regulatory compliance and other prepara-
tory needs before they commence 
research.

 5 Operations centers should have broad 
implementation authority (likely from the 
national government) that obviates the 
need for multiple approvals from lower- 
level authorities. Examples might include 
authority to hire personnel, import needed 
equipment and pharmaceuticals, set up 
communications networks, etc.

 5 Establish a special funding mechanism to 
address unanticipated or unavoidable 
resource shortcomings that could delay 
site activation (e.g., site renovations, power 
and water supply, vehicle procurement, 
etc.).

 5 Develop incentives for sites that exceed 
expectations for rapid enrollment of eligible 
research participants, data quality, and 
timely submission of specimens and reports.

 5 Contracts and compensation should come 
with funding assurances that cover the 
entire research period foreseen, minimiz-
ing the need for extensions, amendments, 
further negotiations, or institutional hesi-
tancy to continue research work.

4.3.4  Streamlined Regulatory 
Compliance

The RECOVERY trial demonstrated how 
quickly trial design and implementation can 
occur in an emergency, particularly within the 
structure of a single, unified healthcare sys-
tem serving the participating sites, under a 
single regulator, all with a common language 
(7 In Practice 14.1 and 15.1). Global and, in 
many cases, national pandemic preparedness 
requires establishing broad regulatory harmo-
nization across multiple jurisdictions. The 
most widely accepted standards for harmoni-
zation are those promulgated by ICH.  For 
more than 30  years, the ICH has worked 
together with the world’s regulatory authori-
ties to develop detailed guidelines for clinical 
trial design and implementation (ICH 2023). 
The U.S. Food and Drug Administration 
(FDA), the European Medicines Agency 
(EMA), and other regulatory authorities 
incorporate ICH guidance documents into 
their national regulatory systems. ICH guide-
lines are well positioned to serve as the basis 
for clinical research network standards. 
 Recommendations include the following:

 5 Consider modification of FDA forms for 
international research, so that a single 
template is used as the basis to collect 
essential information required by the FDA 
and other regulators and then modified as 
necessary for specific trial needs. Basing 
the forms on ICH guidelines, for example, 
could streamline paperwork.

 5 Simplify site registration. Review check-
lists for successful site registration, and 
remove any tasks that are not necessary to 
maintain participant safety and trial 
 integrity.
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 5 Eliminate requirements for advance sub-
mission of the following documents, with 
the understanding that documentation 
will still be eventually required and veri-
fied:
 – Signed and dated curriculum vitae (CV) 

and medical license for PI and sub- 
investigators and signed and dated CV 
for Pharmacist of Record (ICH Good 
Clinical Practice (GCP) also requires 
that these documents be on-file at the 
clinical site).

 – Documentation of human subjects pro-
tection and GCP initial training and 
refresher dates, the timing of which can 
vary by institution and location.

 – Documentation of clinical research site 
training dates on protocol.

 – For pharmaceutical interventions, 
pharmacy training documentation 
before shipment of investigational new 
drugs.

 – For pharmaceutical interventions, 
financial conflict-of-interest forms 
signed by investigators.

 5 According to the U.S. Common Rule for 
human subject protections (OHRP 2021), a 
single REC/IRB ethical review, rather than 
separate reviews by all involved institutions, 
is now required for U.S. sites participating in 
multi-site research funded by the U.S. gov-
ernment. Implementation of single REC 
review should preclude any duplication of 
local review, and institutions should cede 
privacy and ethics review to the single 
REC.  Unfortunately, the single REC rule 
has not been easy to implement (Serdoz 
et  al. 2022). International clinical research 
partnerships are still likely to require ethical 
review by at least one REC/IRB in each par-
ticipating country, but it is important to 
keep additional reviews to a minimum. Also:
 – Reject efforts by local review boards to 

impose informed consent alterations.
 – Reject efforts by local institution human 

subject protection offices to impose 
nonessential conditions or ancillary 
reviews for data/specimen access or for 
other research activities.

 5 Following receipt of investigator reports, 
the statistical and data management center 
will send their analysis to regulatory agen-
cies. Safety data collection should empha-
size key clinical events that matter. 
Non-essential data collection should be 
minimized (7 Chap. 36).

 5 Assess whether the impact of confidential-
ity and data-privacy regulation (e.g., the 
Health Insurance Portability and Account-
ability Act [HIPAA] in the United States 
or General Data Protection Regulation 
[GDPR] in the European Union) could 
delay site registration and seek remedies.

 5 Prepare for remote monitoring, with 
restricted access to sites where security 
and transport are problematic or where 
bureaucratic and complicated site autho-
rizations are needed for each on-site 
visit.

4.3.5  Prompt Negotiation 
of Essential Research 
Agreements and Documents

Before research can begin, formal written 
agreements may need to be negotiated between 
collaborating research partners. The inclusion 
of functioning clinical trial networks in pan-
demic preparedness should limit the need for 
negotiations during an infectious disease 
emergency. In the United States, for example, 
delegation of authorities held by a federal 
government agency may be pursued when 
U.S. government-funded research is imple-
mented by a non-governmental clinical trial 
network. Such agreements can be difficult to 
reach on the fly. Research partners may seek 
agreed terms for the transfer, custody, and use 
of biological specimens collected during the 
research—a complex and unsettled area of 
international law. Recommendations include 
the following:

 5 Insofar as possible, partners should nego-
tiate high-level agreements to define roles 
and responsibilities for research on which 
they may collaborate in advance of any 
emergency.
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 – ICH GCP allows a sponsor to “transfer 
any or all of the sponsor’s trial-related 
duties and functions to a [contract 
research organization] CRO” (ICH 
2016), although the ultimate responsi-
bility for meeting standards remains 
with the sponsor. Regulatory authori-
ties that follow ICH guidelines, like 
FDA and EMA, require assurances that 
the research is performed in accordance 
with controlling study documents, GCP, 
applicable regulatory and monitoring 
requirements, investigational new drug 
(IND) management requirements, and 
safety directives.

 – ICH also authorizes CROs to transfer 
selected responsibilities to other part-
ners. A delegation of sponsor responsi-
bilities (DSR) provided by NIH 
authorizes designated parties to act on 
behalf  of a research sponsor, liaise with 
international health authorities, and 
assume international regulatory respon-
sibilities related to research.

 5 Research sponsors and networks should 
prepare model agreements, reviewed and 
approved by legal representatives, for 
domestic and international coordinating 
centers and sites. Accepted model agree-
ments will be extremely important to col-
lect documentation and promote timely 
implementation of the emergency response 
research, but it should be noted that this is 
easier said than done.
 – Clinical Trial Applications (CTAs) must 

be submitted to national regulatory 
agencies. Support by international coor-
dinating centers should be enlisted to 
collect national CTAs from their respec-
tive collaborating countries.

 – Material Transfer Agreements (MTAs) 
address the ownership, transfer, use, 
longer-term custody, related research 
publication, commercial use, and dispo-
sition of biological material (e.g., patho-
gen samples, blood components, other 
bodily fluids, and swabs) collected by a 
clinical site. The parties to the MTAs 
may be research operations centers, 
other collaborating network coordinat-
ing centers, country-based international 

organizations that manage one or more 
clinical sites, or stand-alone site institu-
tions.

4.3.6  Liability Coverage
Collaborating countries and institutions will 
demand that liability coverage be provided for 
clinical sites and participants (7 In Focus 32.2). 
This is particularly important for research con-
ducted during a pandemic when the risk associ-
ated with possible injuries or deaths of staff or 
participants is magnified by scientific uncertain-
ties (e.g., disease transmissibility, tentative and 
limited morbidity and mortality data, new and 
untested interventions, etc.) and public fear. 
Liability coverage is an early operational require-
ment, and securing coverage from insurers can 
be complicated by uncertainty about risks, trial 
sponsors’ inability or reluctance to assume 
financial responsibility, a limited number of 
insurance underwriters, and differing assurances 
sought by various stakeholders. 
Recommendations include the following:

 5 Make early and fundamental risk manage-
ment determinations.
 – What level and scale of risk can be 

anticipated in connection with the 
research?

 – Is there an international source for 
emergency response liability coverage 
(e.g., the World Bank Pandemic Emer-
gency Fund)?

 – If  not, is the trial sponsor financially 
able and willing to offer liability cover-
age?

 – If  not the trial sponsor, can risk man-
agement be transferred to other respon-
sible parties (e.g., a government agency, 
educational institution, or insurance 
company)?

 – Will liability coverage with clinical trial 
insurance be sufficient, or will 
 indemnification also be sought, e.g., by 
one party agreeing to cover the losses of 
third parties?

 5 If  one of the collaborating parties (e.g., 
the sponsor or funder) provides liability 
coverage, determine whether the risk man-
agement framework is sufficient or seek 
supplemental coverage on the commercial 
market.
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 5 If  the existing, internal risk management 
framework is sufficient, initiate negotia-
tions and prepare documents needed to 
provide assurances of coverage to collabo-
rating governments/institutions and their 
clinical sites.

 5 Risk underwriters in the commercial mar-
ket will require detailed descriptions of the 
research. The underwriters will then pro-
vide country-specific insurance certificates, 
usually in the country language, describing 
the scope and period of coverage, and will 
invoice the trial’s sponsor or operations 
center.

4.3.7  Collaboration with the 
Pharmaceutical Industry

Research with a pharmaceutical interven-
tion—an investigational new drug or candi-
date vaccine—usually requires the cooperation 
of a private sector producer; early agreement 
on the scientific, operational, and regulatory 
structure of the research; access to proprie-
tary and confidential IND documents; details 
on product labeling, supply, shipping, and 
post-trial disposition; clinical site pharmaceu-
tical management; and publication of research 
results. The parties must recognize that inter-
ests and expectations will differ and should 
seek early resolution of as many potential 
issues as possible. Recommendations include 
the following:

 5 Establish a high-level public-private part-
nership or working group with scientific, 
operational, and regulatory representa-
tives that can agree on key logistical steps 
and are committed to quickly clear unex-
pected obstacles (7 Chap. 15). As a condi-
tion for collaboration, the working group 
should obtain industry assurances that 
proprietary and confidential documents 
will be provided as needed for investiga-
tional products.

 5 Establish a drug logistics subgroup for 
each investigational product, and identify 
therapeutics and supplies needed to 
achieve the specified standard of care. 
Note that the standard of care could 
change during the trial, especially with a 

novel pathogen. The subgroup should 
complete the following tasks:
 – Map out the production and supply 

chain to determine how the investiga-
tional product and other supplies will 
be shipped to research sites.

 – Develop critical timelines based on pro-
jected clinical trial initiation, produc-
tion capacity, participant recruitment, 
and product shelf  life to maintain unin-
terrupted research supplies.

 – Monitor establishment of procedures 
for labeling, supply, shipping to receiv-
ing depots, and release by specified per-
sons (“qualified persons” in the 
European Union).

 5 Negotiate and implement clinical trial 
agreements between the research sponsor 
and manufacturer, recognizing that the 
sponsor and principal investigator have 
primary authority over the conduct of the 
trial and resulting publications.

 5 Develop plans for distribution, review, and 
publication of trial results.

 5 If  necessary, engage a pharmaceutical 
CRO with receiving depots, quality con-
trol, and management capabilities for the 
labeling, storage, and distribution of the 
investigative product and other needed 
therapeutics and related supplies to clini-
cal sites.

 5 Identify and compile a master file with all 
essential regulatory documents (e.g., inves-
tigational medical product dossiers, inves-
tigational brochures, etc.) that will be 
supplied by the manufacturer and accessi-
ble to collaborators and regulators.

 5 Ensure standardized investigational prod-
uct and standard of  care labeling that 
meets research and regulatory needs 
across all countries participating in the 
research.

4.3.8  High-Level Contract 
Management Flexibility

The funders and sponsors of emergency 
response research will most likely depend on 
prime contractors to assist them with opera-
tions support (7 Chap. 29). These contrac-
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tors can provide many different services, 
including management and oversight of 
research network and institutional subcon-
tractors, subcontracting to specialized CROs, 
logistics support, and funding of exceptional 
or unexpected needs. Because contractor 
selection and negotiations can contribute to 
delays, prime contractors need the flexibility 
to modify customary procedures for an emer-
gency. This flexibility needs to extend to sub-
contractors responsible for the conduct of the 
research and their coordinating centers and 
sites, as provided for under ICH guidelines 
(ICH 2016). Recommendations include the 
following:

 5 Research funds must be available early so 
subcontractors can initiate trial operation 
activities.

 5 Subcontracting institutions tasked with 
early work will want assurances that com-
pensation will cover costs incurred, espe-
cially if  work proceeds while execution of 
contracts is pending. The parties should be 
prepared with “authorizations to proceed” 
or simplified letter contracts with budget 
limits. These instruments would be 
replaced following execution of more tra-
ditional contracts.

 5 Prime contractors should seek early opera-
tional approvals from funders that balance 
urgency with reduced, but still transpar-
ent, oversight. Early oversight should not 
burden subcontractors with non-essential 
reporting when they need to focus on 
building operational capabilities. The fol-
lowing measures will lessen the probability 
of adverse outcomes for prime contractors 
with this approach:
 – Known entities already under contract, 

or with a history of satisfactory perfor-
mance, should be preferred.

 – Pre-qualification of prospective con-
tractors will cut vetting time. Broad 
statements of terms and conditions 
should be sought with indefinite deliv-
ery/indefinite quantity contracts or sim-
ilar mechanisms.

 – Rigorous evaluation of contractor pro-
posals can then focus on budgets and 

technical proposals rather than contrac-
tor qualifications for the work.

 – Work timelines should provide for ret-
rospective reporting and documenta-
tion when time allows.

 5 Prime contractors must ensure that their 
subcontractors have funds in time to meet 
their obligations.

 5 Emergency response research will gener-
ally be affected by location and rate of dis-
ease incidence and available scientific 
information. Simplified subcontracts, 
broad statements of work, and flexible del-
egation of responsibilities are advisable.

 5 Novel diseases and interventions can pose 
surprising and costly difficulties. Contin-
gency funding could cover unforeseen 
expenses, but may not be authorized. If  so, 
alternate funding mechanisms should be 
identified as soon as difficulties are 
encountered.

 5 Consider adaption of existing contract 
mechanisms before introducing new ones.

 5 Prime contractors should prioritize emer-
gency response research funding and logis-
tical support over their other obligations.

5  Conclusion

Clinical research operational challenges and 
solutions during the COVID-19 pandemic and 
Ebola outbreaks of 2014–2016 in West Africa 
and 2018–2020  in the DRC provided experi-
ence in emergency research operations to hun-
dreds of research staff, including the authors, 
and were a proving ground for rapid integra-
tion and implementation of emergency clini-
cal research for infectious disease outbreaks 
(NASEM 2017). Adapting solutions that have 
worked in past emergencies and conducting 
scientific research and operational support 
activities in parallel rather than in sequence 
are the best-known ways to accelerate assess-
ment of VTDs and mitigation of pandemic 
morbidity and mortality. A swift, coherent, 
and flexible research response to future public 
health emergencies must build on the lessons 
of accelerated research programs already 
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implemented: accelerated start- up, prudent 
clinical site selection, timely clinical site activa-
tion, streamlined regulatory compliance, 
prompt execution of fundamental agreements, 
adequate research liability coverage, collabo-
ration with pharmaceutical manufacturers, 
and flexible contract management. It is espe-
cially important to build in early flexibility 
within network payment systems to ensure 
that a safety net can accommodate unforeseen 
expenditures. Continued work on pandemic 
preparedness can help reduce the burden of 
urgent tasks, but flexibility, experience, and 
creative thinking will be critical to responding 
to the next outbreak with pandemic potential. 
The STRIVE trial is a good example of scien-
tific action that promotes pandemic prepara-
tion by building and sustaining a research 
framework based on the recent past but poised 
to function now and in the future.

? Discussion Questions
 1. Why is a national or global research 

agenda needed? When does operational 
planning for emergency response 
research need to begin? How can opera-
tional planning proceed in parallel with 
protocol development?

 2. List and discuss some of  the disciplines 
essential for emergency clinical research.

 3. What are some of  the key elements that 
facilitated the rapid design and initia-
tion of  the RECOVERY study?

 4. How can the lessons learned from the 
ACTIV-3 research program facilitate a 
swift, flexible research response?
 (a) Speed and brevity are goals that 

many trials seek but few realize. 
Discuss some recommendations that 
can accelerate research start-up and 
implementation.

 (b) Clinical research may entail the par-
ticipation of  many clinical sites. 
Discuss some recommendations for 
prudent site selection.

 (c) What tasks must be undertaken 
before a clinical site can be activated 
to recruit, enroll, and follow trial 
participants.

 (d) How can regulatory compliance for 
international emergency research be 
streamlined?

 (e) What can be done to accelerate 
negotiations between collaborating 
research partners?

 (f) What can be done to ensure func-
tional clinical research collabora-
tion with industry?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Requirements for launching an international 
clinical research program in an impoverished 
region of a developing country

 5 Major obstacles that may arise in an emer-
gency research response

 5 The response of high-income countries to 
the COVID-19 pandemic and lessons that 
could be drawn from it

 5 If  a person who is impoverished and has no 
other access to adequate medical treatment 
can give true informed consent to partici-
pate in a research study

1  Introduction

In recent years, it has become increasingly 
clear that an infectious disease outbreak 
can require emergency research on an expe-
dited basis. Since the outbreak of  Ebola in 
West Africa and the identification of  the 
severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), debate on this point 
has shifted from whether it should be done 
to how it can be done. The next infectious 
disease outbreak with pandemic potential is 
just as likely to occur in a resource-poor 
area with very little medical research capac-
ity as in a country with more technical 
capacity (Allen et al. 2017). It will occur in 
a world of  vastly increased connectivity 
over the last few decades (Morand and Wal-
ther 2020). Prudence thus requires that the 
world be prepared to rapidly implement an 
emergency research response at the site of 
the outbreak. As long as the outbreak 
remains geographically limited, many stud-
ies can only be done in this limited area: this 
includes natural history studies of  modes of 
transmission, the course of  the disease, 
development of  diagnostics, and clinical tri-
als of  medical interventions focused on pre-
vention (e.g., vaccines or pre-exposure/
post-exposure prophylaxis) or treatment 
(e.g., drugs, devices, or therapies) (NIH 
2017).

This and the following chapters lay out 
what is needed to conduct such research, based 
largely on the concrete experience of the 
authors in implementing needed research dur-
ing the Ebola outbreaks in West Africa 
(2014–2016) and in the Democratic Republic 
of the Congo (DRC) (2018–2020). Under the 
then-prevailing circumstances, logistical, phar-
macy, laboratory, data management, commu-
nications, regulatory, and healthcare 
operations infrastructure had to be strength-
ened or built from the ground up. In describing 
what must be done in such an emergency to 
implement scientifically sound, ethical research 
in a challenging environment, this material will 
also suggest what infrastructure, institutional, 
and human resource preparations ought to be 
made in advance to facilitate the next emer-
gency response. These lessons may be espe-
cially pertinent now, as the COVID-19 
pandemic has repeatedly underscored our 
institutional and societal difficulties in dealing 
with a new pathogen that repeatedly evolves 
significant variants, an experience demonstrat-
ing that nations thought to be best prepared 
for Pathogen X were not necessarily so. For 
example, most of the early research studies in 
the United States and Western Europe were 
not well designed to produce interpretable, 
regulatory level results, and they contributed 
to public confusion about some hypothetical 
therapies for COVID-19 (hydroxychloroquine 
and ivermectin) that have continued to inter-
fere with sound response measures (Bugin and 
Woodcock 2021).

2  Launching a Clinical Research 
Operation

Launching a research operation to support a 
clinical trial in the midst of an infectious dis-
ease emergency is a daunting task. Although 
we know that disease outbreaks and epidem-
ics will occur, the time, place, and pathogen 
are virtually never foreseen. The emergency 
might be a sudden outbreak of a previously 
unknown pathogen, a new variant of a known 
one, or an uncontrolled outbreak of a familiar 
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disease. Its etiology may not be understood, 
and early assessments of its geographic inci-
dence, rate of progression, transmissibility, 
and morbidity and mortality may be unreli-
able (Cori et  al. 2017). The duration of the 
emergency may be unpredictable, the setting 
unfamiliar, and knowledge of local medical 
capacity scanty while the research team needs 
results as soon as possible. Use of an investi-
gational product that has been little tested in 
humans will require careful safety monitoring 
in an environment that can hinder efficient 
data collection (NASEM 2017).

Inadequate research and health system 
capacity where the outbreak occurs may limit 
the scope, speed, and effectiveness of response. 
Because infectious disease incidence is higher 
where poverty and illiteracy are prevalent, the 
research may have to be conducted in a 
resource-poor environment, requiring more 
investment than it would in developed- 
country settings. Countries with meager 
healthcare infrastructure often lack depend-
able communications, electrical power, clean 
water, and transportation. Biosurveillance, 
regulatory and ethical oversight, and research 
capacity are often weak and political and soci-
etal stability questionable (Global 
Preparedness Monitoring Board 2019). There 
are likely to be few medical personnel with 
research experience. Populations in such set-
tings may resist both nonpharmaceutical and 
medical response, including research, while 
popular reliance on traditional medicine may 
further complicate matters. Past or active 
armed conflict; ineffective governance; tribal, 
ethnic, sectarian, or caste divisions; or dis-
placed populations can present formidable 
logistical and security challenges for both 
response and research staff  and study partici-
pants.

An emergency research design imple-
mented in a resource-poor setting either will 
be shaped by the challenges described above 
or will need to shape the research environ-
ment and provide what is necessary to imple-
ment the study (Medical Research Council 
2006). Usually, there is an interplay between 
these alternatives. A research program may 
need to renovate space, import equipment, 
bring in expatriate staff, and otherwise fill 

gaps in infrastructure and capacity, as detailed 
in this section of Principles and Practice of 
Emergency Research Response. Some consid-
eration can be given beforehand to the possi-
bility that innovative trial designs, such as 
adaptive randomized trials, may reduce trial 
duration and be more productive and cost- 
effective. They also might lead to greater com-
munity acceptance by including a potentially 
beneficial agent in every arm of the trial, 
thereby overcoming resistance to the use of a 
placebo in research on a disease with high 
mortality, such as Ebola (Cooper et al. 2015; 
Kazanjian 2020; Thorlund et al. 2018).

Even though each new outbreak is unex-
pected and has its own unique characteristics, 
past experience must inform preparedness 
and our capacity to effectively implement 
research (Lurie et  al. 2013). This chapter 
addresses how to launch research during an 
infectious disease emergency, with the under-
standing that the diseases, settings, and 
research objectives will neither repeat them-
selves nor be static. Our framework applies 
broadly to most emergency scenarios, includ-
ing the most challenging—resource-poor set-
tings with minimal infrastructure and 
ongoing civil or military strife. We also 
assume very limited advance planning suited 
to the particular outbreak; broad community 
mistrust of  health officials, central govern-
ment, and unfamiliar organizations; and lim-
ited access to or trust in modern medicine. 
We try to follow the Global Preparedness 
Monitoring Board (2019) recommendation 
that countries, donors, and multilateral insti-
tutions “must be prepared for the worst.” If  
the setting is less challenging, the precau-
tions, actions, and checklist included here 
should still help responders account for the 
many operational elements required for a 
robust research program based on the pro-
posed research questions, setting, and evolv-
ing outbreak.

3  Frameworks and Partners

At the outset, a proposed emergency research 
agenda must consider what international, 
regional, national, and local frameworks are 
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relevant to the proposal, and whether support 
structures, including everything from space 
and supplies for research sites to an in- country 
research ethics committee (REC) and research 
consortium, might have to be established or 
strengthened (7 Chap. 27). Organizations, 
collaborators, and allies that can move the 
proposed research forward will need to be 
identified and enlisted, both internationally 
and locally (7 Chap. 18).

3.1  International

Consideration of international resources 
should address the following:

 5 What are the key organizations responsi-
ble for emergency response and who are 
the key individuals within them (NASEM 
2017)?

 5 Are international organizations already 
present and functioning in the local set-
ting?

 5 Is response research part of their mandate, 
or is their titular role peacekeeping, 
humanitarian response, or development?

 5 Has the World Health Organization 
(WHO) declared a public health emer-
gency of international concern (PHEIC)?

 5 Are other multinational organizations 
involved (e.g., the United Nations [UN], 
international financial institutions, United 
Nations Children’s Fund [UNICEF], or 
regional organizations like the Economic 
Community of  West African States or the 
Association of  Southeast Asian Nations)?

 5 Will they support a research program?
 5 Does the research sponsor have a voice at 

WHO and other relevant bodies, directly 
or indirectly, and leverage that can influ-
ence implementation of the research?

Making sense of the international context 
requires understanding existing relationships 
between the research sponsors and WHO, as 
well as treaties and agreements relevant to the 
proposed research (Kaiser Family Founda-
tion 2019). It is also important to recognize 
bilateral, regional, and institutional relation-
ships. Are there historic ties (e.g., France and 
Guinea, the United Kingdom and Sierra 

Leone, the United States and Liberia) or insti-
tutional links (e.g., among the National Insti-
tutes of Health [NIH], the UK Medical 
Research Council [MRC], the French National 
Institute of Health and Medical Research, or 
the Wellcome Trust) that should be consid-
ered? Developed-country embassies may pro-
vide particularly useful information on the 
host country’s government agencies and indi-
vidual contacts and may assist with negotia-
tion of needed agreements. They may also be 
able to provide logistical assistance. If  the 
research sponsor is a government agency, 
other agencies may provide support. In the 
case of a U.S.-led response, these would often 
include the U.S. Centers for Disease Control 
and Prevention (CDC) and the U.S. Agency 
for International Development (USAID) and 
possibly the Defense Department (Margesson 
2015). Research sponsored by other govern-
ments could also be supported by their gov-
ernment agencies (7 Chap. 29).

3.2  National

We live in a world where national sover-
eignty prevails. A constructive relationship 
with the national government(s) where the 
research is proposed is a necessary and 
immediate priority. This should start with a 
high-level understanding. For example, an 
invitation from the Liberian Minister of 
Health to the U.S. Secretary of  Health and 
Human Services initiated the U.S.-supported 
Ebola research in Liberia (Lane et al. 2016). 
An advance team would then arrive; it 
should be able to knowledgeably negotiate 
basic issues, commit funding and expertise 
on behalf  of  the research sponsor, and lay 
the groundwork for research. Early talks 
must identify key agencies and decision-
makers in the host government and assess 
their reception of  the proposed research. 
This could include public health, healthcare, 
medical education, ethical and regulatory, 
and public safety and national security agen-
cies. An understanding of  the government’s 
policy making, relevant decisions, and 
implementation effectiveness is essential 
(7 Chaps. 30 and 33) (. Fig. 1).
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       . Fig. 1 PREVAIL presentation with poster seeking to recruit clinical study volunteers. (Courtesy U.S.-Liberia 
PREVAIL partnership)

In some cases, national governments may 
not be able to impose rule of law or enforce 
public health decisions. This was true to an 
extent in Liberia during the 2014–2016 West 
Africa Ebola outbreak and indeed in the 
United States during the COVID-19 pan-
demic. Blair et  al. (2017) found that a high 
level of mistrust toward government corre-
lated with lower compliance with disease- 
control measures; moreover, those who 
experienced hardship during the epidemic 
were less likely to trust the government. A 
national lack of response, or a heavy-handed 
one (e.g., curfews, quarantines, martial law), 
may alienate the affected population and cre-
ate resistance to public health measures that 
can only be overcome with intense community 
engagement efforts (Calain and Poncin 2015; 
Chandler et al. 2015). Whatever the de facto 
strength of the national government, no 
response or research is likely to be carried out 
without its agreement, although Ooms and 
Hammonds (2014) point out some rare poten-
tial exceptions.

Assuming national government support 
for the research program, many questions 
arise:

 5 What memorandums of understanding or 
other written agreements are needed to 
define commitments, responsibilities, and 
joint undertakings? Who will negotiate 
and draft such documents?

 5 Does the national legislature need to take 
actions to provide a legal or regulatory 
framework or budgetary support for the 
proposed research?

 5 Does the national government need to 
strengthen its regulatory and ethical review 
capacity?

 5 How can state and non-state organiza-
tions, such as ministries with health-related 
portfolios, laboratories, pharmaceutical 
suppliers, hospitals, universities, and other 
health care institutions, be integrated into 
the research?

3.3  Higher Education

Universities, especially medical schools, can 
be valuable allies, particularly if  they have 
research programs; they may also host a 
research ethics committee (REC) (7 Chap. 33 
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and In Practice 33.1). They should be able to 
provide background on the overall disease 
burden in the country and may be able to help 
with clinical monitoring. Senior professors, 
many of whom will have connections in 
national government and with their local 
community or ethnic group, can lend credibil-
ity and help quell suspicions about the source 
of the epidemic, the emergency response, and 
research interventions. Medical students can 
fill staffing needs, and both students and fac-
ulty may seek research employment, especially 
if  their institutions are closed during an epi-
demic (Carter et al. 2018). Moreover, collabo-
ration helps build research capacity at partner 
institutions, improving future preparedness 
and creating openings for future collaboration 
(Sands et al. 2016). The relationship between 
the NIH, the government of Liberia, and the 
University of Liberia developed during the 
Ebola epidemic continues to benefit all parties 
and has sparked research beyond the initial 
vaccine trial.

3.4  Local Institutions

An immediate necessity for research planning 
is to assess potential research sites; these may 
be existing medical facilities, emergency treat-
ment centers established by medical non- 
governmental organizations (NGOs), or sites 
that must be adapted or rebuilt. Local govern-
ment officials should be brought into the con-
versation early to build support for the 
research. Local leaders who are not part of 
formal government, including traditional and 
religious leaders, teachers, respected artists, 
performers, craftworkers, etc., can be very 
helpful in the conduct of research, as can local 
press. Leaders trusted by the community can 
lend credibility to messages that counter 
rumors and unfounded fears about the out-
break, response, and research—rumors that 
may have been spread by the press, social 
media, traditional healers, or parties involved 
in a conflict (Ives 2016; Spinney 2019). Trusted 
leaders and community members can also 
help craft and distribute tailored messages. In 

the case of Liberia, these included “print and 
electronic media through press releases, talk 
shows, and radio jingles,” as well as “dialogue, 
written materials, songs, and dramas enacted 
by mobile theater … in simple English and 
local vernacular” (Doe-Anderson et al. 2016).

Violence rooted in hostility toward 
national and local government and the pres-
ence of paramilitary and criminal groups in 
the northeast DRC, where the August 2018 
Ebola outbreak arose, was a concern through-
out the 2018–2020 DRC Ebola response. 
Violence interrupted an Ebola therapeutics 
trial and hindered response efforts following 
health worker injuries and killings in targeted 
attacks on treatment centers (Ilunga Kalenga 
et  al. 2019; Mulangu et  al. 2019). Such vio-
lence often reflects deep-seated alienation on 
the part of vulnerable and often victimized 
populations (Nguyen 2019; Stearns 2012). 
While careful outreach may help secure safety 
for medical personnel, patients, and research 
participants, underlying problems cannot be 
resolved by a medical response or research 
program.

3.5  NGOs

International medical NGOs are indispens-
able for emerging and re-emerging infectious 
disease (EID) response and important part-
ners in research. NGOs are likely to be treat-
ing patients and promoting transmission 
control measures before researchers can start 
trials. Their facilities are potential research 
sites. NGOs involved in emergency response 
have sometimes been leery of clinical research 
on unproven medical countermeasures 
(MCMs), which they may see as a coldly sci-
entific and even commercial enterprise incom-
patible with their humanitarian mission. 
Randomly controlled trials (RCTs), some 
have suggested, unethically deny lifesaving 
medical interventions to patients in a placebo 
control arm (Adebamowo et al. 2014; Delisle 
et al. 2005; Levine 2016). After the successes 
of response research in the West Africa and 
DRC Ebola outbreaks, there was a growing 
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willingness on the part of NGOs to cooperate 
with research teams (7 In Practice 17.1 and 
In Focus 30.1). In any case, NGOs should be 
fully informed of research activities relevant 
to their response efforts.

Local NGOs, if  they exist, can be particu-
larly valuable because of their knowledge of 
the setting, language, culture, and infrastruc-
ture. In addition, they may operate clinics, 
hospitals, or laboratories that could host 
research, assist with recruitment of research 
participants and staff, provide logistical sup-
port, or help with other tasks where local 
knowledge is needed.

3.6  Contractors

International or in-country contractors with 
research management, logistics, security, con-
struction, staffing, or emergency response 
expertise can often act more quickly than gov-
ernments to hire experienced personnel and 
get them into the field. Still, contract negotia-
tion during the Ebola epidemic in West Africa 
seriously delayed the beginning of some trials 
(Lang 2015). Contractors already supporting 
clinical research, if  available, bring the addi-
tional advantages of experience, access to 
materiel, and often a flexible hiring mecha-
nism. To the extent qualified local contractors 
are available, they will come with better 
knowledge of the immediate environment and 
very likely lower costs, as well as the potential 
for building local support by providing 
employment.

Contractors played an important role dur-
ing the West Africa Ebola epidemic and the 
more recent outbreaks in the DRC. NIH con-
tractors based primarily in the United States 
brought needed logistical, communications, 
laboratory, and transportation skills and did 
not require lengthy procurement processes 
because their contracts were already in place. 
In-country contractors were especially helpful 
for construction; hiring, training, and man-
agement of local staff; and social mobiliza-
tion and communication.

3.7  Pharmaceutical, Device, or 
Diagnostic Companies

While clinical trial protocols will define scien-
tific questions, methodology, and procedures, 
pharmaceutical, device, or diagnostic compa-
nies also play an essential role in many studies. 
Medical interventions will usually require pur-
chased or donated products and related scien-
tific data and documentation, from the firms 
that develop, manufacture, and distribute 
them. In addition to agreements on product 
supplies, clear communications with points of 
contact at the company and any relevant sub-
units or contractors become especially vital in 
an emergency response. On-site pharmacies 
are needed to receive, prepare, and distribute 
products and supplies (7 Chap. 38).

From an operational standpoint, the fol-
lowing questions will need to be answered 
regarding the companies and products:

 5 Are the products investigational or 
licensed? How will this impact the research 
timeline?

 5 Will the products be donated or pur-
chased? If  the products are purchased, are 
financial resources sufficient?

 5 Are there sufficient inventories, or are sup-
plies dependent on manufacturing sched-
ules or otherwise limited?

 5 Who is responsible for delivery of the 
products to research sites? Is a cold chain 
required?

 5 Do the products entail other supply needs 
(e.g., freezers, temperature monitors, bio-
safety cabinets, etc.)?

 5 Is clinical trial insurance or indemnifica-
tion necessary to protect pharmaceutical 
companies, research collaborators and 
staff, and research participants (7 In 
Focus 32.2).

4  Organizational Requirements

The research team must accomplish four 
interdependent tasks to establish a support 
structure. The team must execute necessary 
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agreements and develop three basic manage-
ment tools: an organization chart, timeline, 
and budget. The process will vary with the cir-
cumstances and should not be expected to end 
before the research project itself—all these 
elements can change as the work progresses, 
activities scale up, and unanticipated difficul-
ties are resolved.

4.1  Formalize Needed Agreements

Negotiated agreements, even interim or tenta-
tive ones, are essential for avoiding misunder-
standings, shaping viable partnerships, and 
providing clarity about fundamental organi-
zational and research issues. High-level bilat-
eral and multilateral agreements between 
international entities and national govern-
ments establish basic understandings about 
the roles of the parties. These may cover, 
among other topics, financing; waiver of 
import and customs duties; logistics; data 
access; specimen collection, control, and 
destruction; research participant insurance or 
indemnification; ethics and regulatory over-
sight; the extended future of the research 
endeavor; provision of post-research vaccines, 
therapeutics, or other research products to 
affected research participants and communi-
ties; and authorization for foreign personnel 
to care for research participants. A good 
example is the scientific and technological 
cooperation agreement on the response to 
Ebola between the United States and Liberia 
signed in Monrovia on November 19, 2014. 
Lower-level agreements or memorandums of 
understanding between national and local 
bodies and organizations conducting the 
research can further delineate commitments 
(Cutts et al. 2006).

4.2  Create an Organization Chart

An organization chart is an essential docu-
ment for sorting out and mapping relation-
ships among individuals and sub-units of the 
research program. An administrative hierar-
chy identifies the key individuals leading the 
research and their roles (7 Chap. 42). Ideally, 

there will be explicit pairings of national and 
international partners to strengthen collabo-
ration, foster communications, and build local 
research capacity. Formally acknowledged 
parity between partners should boost team 
building and lessen potential tensions over 
external vs. local control (Cutts et  al. 2006). 
The organization chart will clarify expected 
interactions between distant and local part-
ners and, in part, determine communications 
needs. It will need to be updated to ensure that 
research organizational or personnel changes 
are reflected over the duration of the project. 
The chart and sub-charts are also planning 
documents for both hiring and day-to-day 
staffing schedules (. Fig. 2).

4.3  Develop a Research Timeline

A critical path timeline depends on the course 
of the outbreak, study design, and the exper-
tise of the investigators (Kumar and 
Chakraborty 2016; NASEM 2017). It should 
be broken down by milestones, tasks, and sub-
tasks, showing the parties responsible for 
them (i.e., a Gantt Chart), and should high-
light interdependencies between tasks. 
Timeline milestones should serve as interim 
research goals. Like the organization chart, 
the timeline is a key document for research 
planning and implementation; it should be 
revisited frequently and revised as circum-
stances warrant.

4.4  Prepare a Budget

With an organization chart and timeline in 
place, preparing a line-item budget becomes 
feasible. The sequence of these tasks is iterative, 
in that a budget needs both direction from the 
top and reporting from the field to be a work-
able financial instrument. Financial contribu-
tors need to be consulted, especially if multiple 
funding sources have differing goals, obliga-
tions, and constraints. There are tools available 
to assist with building a budget (Global Health 
Network 2022; Nevens et al. 2019).

A key step in the budget process is prepa-
ration of participant enrollment projections 
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       . Fig. 2 In this organization chart, positions are 
shared between the DRC and NIAID, with representa-
tives of  other institutions included as appropriate. Insti-
tutions shown are likely to represented by different 
individuals in the various management groups. This is a 

sample draft chart by the authors modified for this 
chapter to illustrate the principle and does not necessar-
ily reflect the actual organizational structure of  the 
study. (Authors)

and visit schedules that can be meshed with 
per-visit compensation, yielding estimated 
cash requirements over time that can be inte-
grated into the budget (Larson et  al. 2017). 
Compensation for research participants can 
be a significant research cost. Other major line 
items include research staff  lodging, per diem, 
and transportation needs; local hiring and 
payroll; equipment and supply purchases; 
shipping; leasing, renovating, or constructing 
facilities; local contracting; insurance; and 
communications. Funding must be nimble, 
and budget adaptations will be necessary as 
research scope and implementation evolve, 
the number of participants and research sup-
port staff  varies, and key activities progress.

Ancillary documents for internal manage-
ment of funds are also needed. They include a 
chart of accounts; procedures for local bid-
ding and procurement; designation of indi-
viduals responsible for oversight, 
authorizations, and disbursements; and docu-
mentation requirements.

Finally, international and local banking 
arrangements must be set up. A local bank 
should be selected to process international 

and local money transfers, manage staff  pay-
roll, and ensure security when cash for partici-
pant compensation is disbursed. While 
electronic transfer of funds to participants is 
frequently proposed, it is not always feasible 
where participants are unfamiliar with such 
transfers (Carter et al. 2018).

5  Establish a Research Operations 
Center

A research operations center is an essential 
component. It may be limited to hosting 
administrative staff  with management and 
communication responsibilities, or it may also 
include pharmaceutical and laboratory func-
tions, data management, logistics, and partici-
pant clinical care. Its size, composition, and 
function depend on the scope of the research, 
the location of collaborators and potential 
research participants, the setting and infra-
structure, financial resources and budget, etc. 
There is little discussion in the scientific litera-
ture of such operations centers for emergency 
response research, very likely due to their rela-
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tive novelty. What follows is based largely on 
the authors’ experience during the 2014–2016 
Ebola outbreak in Liberia. Establishing a 
research operations center can be divided into 
three major steps, undertaken in sequence, 
although with an iterative dimension as well 
(7 Chap. 40).

5.1  Assess Needs

Once the protocol design has laid the ground-
work for the emergency response research, 
necessary agreements have been formulated, 
an organizational structure and timeline built, 
and a budget prepared, the crucial elements 
are in place to set up research sites and a 
research operations center. While ideally one 
would have full detail on the research require-
ments beforehand, operations center planning 
must begin as soon as possible during an 
emergency, requiring flexibility and a facility 
or facilities that can accommodate growth. 
More than any other single source of infor-
mation, the research protocol will provide the 
planning team with the information it needs 
to prepare a detailed listing of the essential 
physical components needed for the research. 
These can include facilities for pharmacy 
functions, biosafety equipment, laboratory 
analysis, specimen collection and storage, 
data management, supply storage, triage 
space, robing and disrobing space for personal 
protective equipment, identification badging, 
secure disbursement for participant compen-
sation, and participant recruitment and care 
facilities for baseline and follow-up visits. 
These components may all be in a centralized 
location, in dispersed locations, or in more 
remote locations (data management could be 
outside the country altogether).

5.2  Determine Functions 
and Synergies

Research needs and information about 
resources available in various locations will 
inform space and facilities requirements and 
decisions to concentrate or disperse functions. 
Efficiency may favor centralization of some 

functions if  transport and communications 
allow. The range of co-located functions 
could include some, or all, of the following:

 5 Administrative and financial coordina-
tion, with offices and meeting space

 5 Communications, cell phone distribution, 
and conferencing equipment

 5 Pharmacy, device, or diagnostic support, 
including freezers and refrigerators, bio-
safety cabinets, temperature monitoring 
equipment, barcode readers, and storage 
for cold-chain shipping containers

 5 Laboratory support for diagnostics and 
clinical care, specimen collection, 
temperature- controlled specimen storage, 
barcode readers, portable equipment, lab 
tables, and workstations

 5 Supply receipt, management, and distribu-
tion, with adequate space and shelving for 
handling and storing a wide variety of 
research supplies and materials, power 
transformers, and generators

 5 Local or international procurement and 
distribution logistics

 5 Transportation, including drivers, vehicles, 
and fuel storage

 5 Data management coordination with pro-
vision for servers, barcode readers, tablets, 
laptops, printers, scanners, and paper 
forms

 5 Records repository for electronic or paper 
files

 5 Clinical site staff  offices, informed consent 
rooms, and instruction space

 5 Security infrastructure, including guard 
force training and equipment, master keys 
and combinations, safes and vaults, locks, 
and secure rooms for participant compen-
sation

 5 Identification badging equipment for staff  
and participants

 5 Triage and infection control capabilities, 
and participant care space

5.3  Choose a Location

When there has been sufficient determination 
of operations center functions, site assess-
ments to choose its location can begin in ear-
nest. Some information may be readily 
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accessible at the outset to rapidly winnow 
alternatives, but other data, such as spatial 
patterns of disease prevalence and progress 
on social mobilization, may not yet be avail-
able. Consultation with research partners and 
other knowledgeable individuals on potential 
sites, followed by in-person visits, should con-
sider the following questions:

 5 Are there existing facilities that can be 
quickly renovated or repurposed?

 5 Do the timeline and budget allow for the 
design and construction of new or sub-
stantially renovated facilities?

 5 Can synergies with other collaborators be 
realized at prospective sites?

 5 Are there political considerations that 
enhance or disqualify certain sites?

 5 Are there security considerations that 
enhance or disqualify certain sites?

 5 Will operations center functions be co- 
located with participant/clinical activi-
ties?

 5 Must the site be near air, water, or land 
transport?

 5 Must the site location be central to 
research facilities and clinical sites or close 
to collaborator facilities?

 5 Should the site accommodate fuel storage 
for generators or vehicles?

 5 Will spatial epidemiology, population 
mobility, and access to research partici-
pants influence the location?

 5 To what extent can staff  be hired from the 
surrounding community?

 5 Is there a reliable clean water supply?
 5 Is the power supply sufficient and reliable, 

or will generators be needed?
 5 Is the communications infrastructure suf-

ficient and reliable?

6  Implementation Checklist

It may be that clinical research “is now widely 
accepted as an essential element of the 
response to epidemics and preparedness” 
(Hall et  al. 2019) and “research has to be 
embedded in the immediate response to an 
outbreak and not come as an afterthought” 
(Kelland 2015). That does not mean that 
obstacles have been swept away. The checklist 
below assumes that a great many difficulties 
will need to be overcome. It follows the same 
general order as the chapter text. Because 
each research endeavor will be unique, the 
checklist may or may not include the items 
required in particular cases, but it can be 
adapted to the user’s needs.

.       Checklist

NA Pending Done

3. Identify Potential Partners

   Assess Roles of International Organizations □ □ □

   Assess Foreign Government Relationships □ □ □

   Identify Diplomatic Assets □ □ □

   Assess Roles of National Government and Agencies □ □ □

   Assess Roles of Higher Education Institutions □ □ □

   Assess Roles of Local Government and Organizations □ □ □

   Establish Communication with Parties in Conflict Zones □ □ □

   Assess Roles of International NGOs □ □ □

   Assess Roles of National or Local NGOs □ □ □

   Identify Potential International Contractors □ □ □
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NA Pending Done

   Identify Potential Local Contractors □ □ □

   Determine Pharma, Device, or Diagnostic Company Roles □ □ □

4. Organizational Structure

4.1. Agreements

High-Level

   Border Controls □ □ □

   Security Clearances □ □ □

   Financial Assistance □ □ □

   Import, Customs, and Tax Waivers □ □ □

   Data Access □ □ □

   Specimen Collection, Custody, and Transfer □ □ □

   Research Participant Insurance/Indemnification □ □ □

   Medical Care and Evacuation of Research Personnel □ □ □

   Conflict Resolution □ □ □

   Ethics/Regulatory Oversight □ □ □

   Post Emergency Research □ □ □

   Post Emergency Vaccines, Therapeutics, Devices, Diagnostics □ □ □

Lower-Level

   Local Governments □ □ □

   Local Contractors □ □ □

   Tribal, Sectarian, Ethnic, and Community Entities □ □ □

4.2. Organization Chart

   Determine Overall Governance of Research □ □ □

   Build Administrative/Research Relationships □ □ □

   Identify Relevant External/Internal Parties □ □ □

   Identify and Pair Key External/Internal Individuals □ □ □

   Integrate Working Groups □ □ □

4.3. Develop a Research Timeline

   Define Major Tasks/Milestones □ □ □

   Define Critical Path/Dependencies □ □ □

   Assign Responsible Parties □ □ □

   Integrate Important Time/Schedule Considerations □ □ □

   Create Timeline □ □ □

4.4. Prepare a Budget

   Prepare Line-Item Budget □ □ □

   Integrate Funding Sources and Timing □ □ □

850 G. Larson and L. A. McNay



NA Pending Done

   Develop Participant Enrollment and Visit Projections □ □ □

   Determine Participant Compensation □ □ □

   Develop Ancillary Budget Documents □ □ □

   Complete Banking Arrangements □ □ □

5. Establish a Research Operations Center

5.1. Assess Needs

   Establish Multi- Disciplinary Team □ □ □

   Review Research Protocol/Design Requirements □ □ □

   Identify Essential Research Components □ □ □

5.2. Determine Functions and Synergies

   Administrative Coordination □ □ □

   Financial Coordination □ □ □

   Communications □ □ □

   Pharmacy, Device, or Diagnostic Support □ □ □

   Laboratory Support □ □ □

   Supply Receipt and Management □ □ □

   Procurement □ □ □

   Distribution Logistics □ □ □

   Transportation Support □ □ □

   Data Management □ □ □

   Records Repository □ □ □

   Clinical Space Needs □ □ □

   Identification Badging □ □ □

   Security □ □ □

   Clinical Triage □ □ □

   Participant Care □ □ □

5.3. Choose a Location

   Space Needs Have Been Determined □ □ □

   New or Substantially Renovated Facility □ □ □

   Existing As-Is Facility, Minimal Alteration □ □ □

   Possible Siting Synergies with Collaborators Identified □ □ □

   Political Considerations Identified □ □ □

   Security Considerations Identified □ □ □

   Colocation of Operations and Clinical Care Functions □ □ □

   Proximity to Air, Water, or Land Transport Infrastructure □ □ □

   Centrality to Other Research and Medical Facility Locations □ □ □
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? Discussion Questions
 1. Would you be interested in joining an 

international research and emergency 
treatment program in an impoverished 
region of  a developing country? Why? 
Why not?

 2. What do you think is the most difficult 
part of setting up such an operation in the 
middle of an infectious disease outbreak?

 3. How well do you think the rich nations 
of  the world handled the breakout and 
spread of  COVID-19? What did we 
learn from it?

 4. Can you get true informed consent 
from a person who may be illiterate, 
impoverished, and uninformed about 
present-day medicine?
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1  Introduction

In October 2014, during the Ebola outbreak 
in West Africa that had spread to Liberia ear-
lier that year, the Minister of Health and 
Social Welfare (MoH) of the government of 
Liberia, Walter T.  Gwenigale, wrote to the 
U.S. Department of Health and Human 
Services (HHS) Secretary, Sylvia M. Burwell, 
proposing the establishment of a clinical 
research partnership to meet the urgent need 
to assess candidate medical countermeasures 
(MCMs) for their safety and efficacy against 
Ebola virus disease (EVD) (Kennedy et  al. 
2016; Prevail II Writing Group 2016). As 
described elsewhere in this volume, a bilateral 
agreement was signed soon after to establish 
the Partnership for Research on Ebola Virus 
in Liberia (PREVAIL). This agreement 
reflected the mutual commitment of the two 
countries to cooperation and shared responsi-
bility. Overall responsibility rested with the 
Liberian MoH and the U.S. Ambassador to 
Liberia. Since its inception, the ongoing clini-
cal research program, primarily funded by the 
U.S. National Institutes of Health (NIH), has 
been led by Liberian and U.S. scientists and 
clinicians (Massaquoi et al. 2016).

2  The Communications Pillar 
in PREVAIL’s Social Mobilization 
and Communications Working 
Group

An initial organizational structure for 
PREVAIL was established that included a 
Social Mobilization and Communications 
(SMC) working group. The initial SMC team 
comprised four pillars:

 5 Advocacy
 5 Community engagement
 5 Communications
 5 Monitoring and evaluation

This case study briefly describes key consider-
ations in the organization and functions of 
the PREVAIL SMC Communications Pillar 
during the first Ebola clinical trials conducted 
by PREVAIL.

2.1  Optimizing Media Messages

The success of PREVAIL in Liberia, a low- 
resource country with little clinical research 
experience before 2014, depended on a robust 
program of social mobilization, communica-
tions, and community engagement (SMC). 
SMC is broadly equivalent to good participa-
tory practice (GPP), the term more often used 
outside Africa. Under either name, the pur-
pose is to promote public understanding of 
clinical research, build trust in research pro-
gram objectives, facilitate enrollment in clini-
cal trials, and meet the ethical requirement 
that research participants be treated as part-
ners in rather than subjects of research. The 
Communications Pillar was responsible for 
several unique and critical functions integral 
to the SMC team. These functions included
 1. Conveying information about PREVAIL 

to the Liberian public through local and 
international media outlets

 2. Ensuring that information disseminated to 
and through the media was accurate and 
appropriate for intended audiences

 3. Promptly correcting misinformation and 
disinformation about PREVAIL and its 
research reported in the media or other-
wise circulating publicly in Liberia or 
internationally

 4. Highlighting significant progress achieved 
in PREVAIL clinical trials for local and 
global audiences

 5. Assisting the SMC team, in collaboration 
with MoH health promotions team, to 
develop messages and materials regarding 
Ebola for pre-testing and subsequent dis-
semination to the public

The Communications Pillar was headed by 
co-leads from Liberia and from the United 
States and included up to four other members. 
Because the Liberian co-lead had been a 
reporter for the BBC during the country’s civil 
war and subsequently had worked as a com-
munications professional with a Liberia-based 
corporation, he already had extensive knowl-
edge and contacts with the media in Liberia. 
This proved to be particularly valuable. Build-
ing trusted relationships with reporters and 
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other news and information sources is critical 
for communication professionals involved in 
the research response during a public health 
emergency and proved especially valuable 
early on in correcting erroneous information 
about PREVAIL as reported by the media.

Although the Liberian co-lead had been 
educated in communications and worked as a 
journalist, he had no experience in science 
communications. The U.S. co-lead had com-
plementary skills to her co-lead’s in-country 
expertise: graduate-level training in science 
communications and a 30-year career writing 
for laypersons about biomedical research, pri-
marily supported by the National Institute of 
Allergy and Infectious Diseases (NIAID) at 
NIH. In the early 2000s, she also had contrib-
uted communications expertise to a bilateral 
HIV clinical research project, Phidisa, 
between NIH and the South African military 
(Motumi et al. 2007).

While NIAID had been tapped by HHS to 
partner with Liberia in PREVAIL, another 
component of HHS, the Centers for Disease 
Control and Prevention (CDC), was prepar-
ing to launch a clinical trial of an experimen-
tal Ebola vaccine in neighboring Sierra Leone. 
To help harmonize communications about 
these two efforts, HHS public affairs staff  ini-
tiated regular teleconferences with the 
research project communications teams from 
NIH and CDC to build cross-agency aware-
ness and collaboration on best practices and 
lessons learned as the trials got underway.

Once the clinical infrastructure for 
PREVAIL had been built and staffed, the first 
urgent objective was to launch a randomized, 
placebo-controlled clinical trial of two experi-
mental Ebola vaccines in Liberia to test their 
safety and efficacy. The first clinical trial, 
PREVAIL 1, was launched on February 2, 
2015, shortly after the Liberian communica-
tions co- lead had been hired. PREVAIL did 
not have video or camera equipment at that 
time, but we requested and gratefully received 
support from U.S. Embassy public affairs 
staff, who took video and photographs of the 
initial trial launch and helped us disseminate 
the press release the PREVAIL team had pre-
pared to describe it.

NIAID’s communications office in 
Bethesda, Maryland, issued a complementary 
press release at the same time to its U.S. and 
international media contacts in coordination 
with the U.S. and Liberian co-leads for 
PREVAIL communications. The draft NIAID 
press release was initially vetted through the 
PREVAIL leadership and NIH and HHS 
experts. The main differences between the two 
releases were that the PREVAIL release was 
intended primarily for Liberian and African 
audiences. It featured Liberian scientists from 
PREVAIL and in-country spokespersons, 
such as the Liberia Minister of Health. The 
NIAID release included quotes from Liberian 
scientists and from Anthony Fauci, the 
NIAID Director, who became a primary U.S. 
government spokesperson on the Ebola pan-
demic (. Fig. 1).

       . Fig. 1 A participant 
in the PREVAIL vaccine 
trial receiving an 
injection. (Credit: 
NIAID)
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3  Key Considerations 
for the PREVAIL 
Communications Pillar

3.1  Establishing Relationships 
with Partner Organizations

The PREVAIL communications co-leads 
quickly built relationships with communica-
tions liaisons for key partner organizations, 
such as the U.S. Embassy, the Liberia MoH, 
other organizations managing the emergency 
response to the outbreak, and with reporters 
and news organizations. The U.S. Embassy 
was especially helpful in reviewing and help-
ing to disseminate PREVAIL news releases. 
The Liberia MoH also reviewed PREVAIL 
news releases, and it was critical to coordi-
nate with them the timing for launching cer-
tain studies or components of  the studies so 
as not to jeopardize other ongoing or planned 
public health initiatives in Liberia, such as a 
measles immunization campaign. The 
Liberian communications co-lead’s relation-
ships with reporters were a key factor in cor-
recting a serious error in the initial reporting 
about PREVAIL 1 that mischaracterized 
study  participants’ modest reimbursement 
for inconvenience and travel as unethical 
inducement.

3.2  Developing Standard 
Operating Procedures (SOPs) 
for Communications

We developed SOP checklists for communica-
tions activities and followed them to uphold 
the integrity of the clinical trials; to make pro-
cesses as smooth as possible during the emer-
gency response; and to involve all persons 
needed for review or oversight of a particular 
activity. Examples of SOPs developed by the 
PREVAIL Communications Pillar include

 5 Coordinate international media inquiries 
between the Liberia and U.S. communica-
tions co-leads to determine the best 
spokespersons.

 5 Develop and review PREVAIL news 
releases.

 5 Arrange for Liberia Ministry of Informa-
tion, Culture, and Tourism (MICAT) press 
conferences.

 5 Obtain informed consent for patient inter-
views or filming requested by news media 
representatives. Note: The original 
informed consent form signed by the 
patient, their PREVAIL physician, and the 
media representative is filed in the patient’s 
medical record, and the communications 
liaison was present during such interviews.

 5 Review, approve, and coordinate responses 
to requests by the media or others to tour 
PREVAIL facilities. Note: Media was 
always accompanied by the communica-
tions liaison when touring PREVAIL 
facilities to make sure no patient identifiers 
or off-limit areas or people are included in 
the filming.

3.3  Media Training Sessions

 5 For in-country journalists: Most Liberian 
journalists had no experience reporting on 
science, much less clinical research specifi-
cally. So early on, it was critical to hold 
media training sessions to familiarize 
reporters with PREVAIL, its overall mis-
sion, and its clinical research objectives. 
These sessions also offered an opportunity 
to describe how clinical research is con-
ducted and how clinical trial results are 
evaluated. It also enabled us to introduce 
and familiarize reporters with the scien-
tists leading PREVAIL. In these sessions, 
the communications liaisons and PRE-
VAIL researchers explained the science in 
language understandable to non-scientist 
members of the public. Recurrent sessions 
were held before the introduction of each 
new clinical trial to give reporters a better 
understanding of what the trial was about 
before they reported on it.

 5 For PREVAIL spokespersons: Media train-
ing sessions were also used to allow Libe-
rian scientists who would be spokespersons 
to practice describing the research and its 
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importance using language the public 
could understand. We anticipated difficult 
questions they might be asked and prac-
ticed with them how best to respond. The 
Liberian co-lead also provided additional 
coaching for spokespersons on how to 
address the media.

3.4  Arranging Media Interviews 
and Press Conferences

 5 The Liberia communications co-lead 
arranged for in-country press conferences 
conducted through the Ministry for Infor-
mation, Culture, and Tourism. In consul-
tation with the identified PREVAIL 
spokesperson(s), the communications staff  
prepared opening statements and talking 
points for the PREVAIL spokespersons 
and used these opportunities to dissemi-
nate PREVAIL news releases. Radio inter-
views were also arranged with PREVAIL 
scientists because in Liberia radio is the 
medium through which most people get 
their news.

 5 Because of scarce and unreliable Internet 
connectivity in Liberia at the time and the 
work and cost of creating a social media 
presence, a social media platform for PRE-
VAIL was not initiated during the Ebola 
outbreak. PREVAIL has subsequently 
transitioned out of an emergency mode to 
a sustainable clinical research organization 
whose social media presence is being 
implemented.

3.5  Communications Principles 
for Spokespersons

 5 Transparency: Share what PREVAIL is 
doing and what has been learned in a 
timely manner.

 5 Honesty: Always be honest. Admit when 
you do not know something and always 
speak the truth, even if  that might be 
uncomfortable or inconvenient.

 5 Clarity: Use clear, simple descriptions any-
one can understand. Use language appro-
priate to Liberian culture. Communicate 
for understanding, and avoid using medi-
cal, technical, or public health jargon. 
Focus on what you say, what the public 
needs to understand about what PRE-
VAIL is doing, and why it matters.

4  Conclusion

As indicated by the Liberia experience, 
high- quality, rigorous clinical research can 
be effectively implemented during outbreaks 
in countries with limited resources and min-
imal clinical research experience. However, 
the process must occur within the frame-
work of  a collaborative research partnership 
(such as PREVAIL), which employs robust 
and honest communication and social mobi-
lization skills that strengthen ethical and 
regulatory systems, harness cultural compe-
tencies, and support the development of 
enhanced clinical research infrastructure 
and capacity.

? Discussion Questions
 1. List four pillars of  PREVAIL’s Social 

Mobilization and Communications 
(SMC) Working Group.

 2. List and discuss the Communications 
Pillar’s several unique and critical func-
tions integral to the SMC team.

 3. Key considerations for the PREVAIL 
Communications Pillar were (1) estab-
lishing relationships with key partner 
organizations, (2) developing SOPs 
and SOP checklists, (3) holding recur-
rent media training sessions, (4) 
arranging media interviews and press 
conferences, and (5) emphasizing key 
communication principles with spokes-
persons. Discuss how these consider-
ations help to effectively implement 
rigorous clinical research during out-
breaks in countries with limited 
resources and minimal clinical research 
experience, such as Liberia.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The meaning of “insurance” and “indemni-
fication” as applied to risk management 
during an emergency response

 5 How emergency response circumstances 
affect cost–risk analysis and allocation

 5 Why the commercial insurance market 
finds it difficult to estimate the risk associ-
ated with experimental interventions

 5 Alternative risk management strategies 
from the 2014–2016 Ebola epidemic in 
West Africa

 5 What assurances of healthcare or evacua-
tion may be necessary to ensure recruitment 
of medical and research personnel during 
health emergencies

1  Background

When planning or conducting clinical research 
in an emergency response setting, there will be 
concerns about the allocation of costs from 
possible injuries or deaths that might be asso-
ciated with the research. Administration of 
investigative vaccines, pharmaceuticals, or 
treatments poses potential risks to health, 
while history, inaccurate press coverage, or 
unsubstantiated rumors may engender per-
ceived risk (Halabi et  al. 2020; Halabi and 
Monahan 2015).

It is important to preface any discussion of 
risk management by defining two key terms 
that are often confused, insurance and indem-
nification. Both are forms of protection against 
financial loss due to a perceived risk, and both 
seek to compensate a verified affected party or 
restore it to its financial status prior to an 
occurrence that triggers a claim or liability 
(Gassner 2020; Halabi and Monahan 2015).

 5 Insurance will transfer risk from one party 
to another in exchange for an advance 
financial payment (the insurance pre-
mium), which may be paid by those at risk 
or by another party on their behalf. The 
insured party is protected from financial 
loss in accordance with the terms specified 
in the insurance policy.

 5 Indemnification allocates risk, usually 
between contracting parties, by altering 
the legal rights and obligations of the par-
ties, with one party accepting all, or more, 
of the risk of loss than it would otherwise 
bear, on behalf  of the other party.

2  Risk Management Alternatives 
and Allocation

There is a variety of alternatives for risk man-
agement in clinical trials. The level of risk, the 
scale of the emergency, applicable govern-
ment laws and regulatory requirements, the 
amount of funding needed, the financial 
resources of sponsors and research partners, 
adherence to Good Clinical Practice and 
Good Participatory Practice (ICH 2016; 
WHO 2016, 2020) (7 Chaps. 6 and 18), and 
ethical considerations can all influence the 
choice of a risk management alternative 
(7 Chap. 5).

Participants in clinical trials customarily 
receive assurances of cost-free, standard-of- 
care treatment1 for a research-related injury 
due to the intervention or to ancillary trial 
activities (e.g., blood tests, or an injury from a 
fall at the research site) (Steinbrook 2006). 
This commitment is usually set forth in the 
protocol and in the informed consent docu-
ment reviewed with, and given to, trial partici-
pants. Trial sponsors (e.g., a pharmaceutical 
manufacturer, an educational institution, or a 
government agency) can either directly absorb 
these costs or, if  they are unable or unwilling 
to do so, may transfer the financial risk. If  
sponsors choose to transfer the risk, they or 
another party can purchase clinical trial insur-
ance in the commercial insurance market, or 
the sponsors can seek a party that will con-

1 There is of  course a great deal of  debate about what 
the standard of  care is in various circumstances: is it 
the best care available in developed countries, the 
best care normally available locally, or the best care 
that can be provided locally given limitations in 
infrastructure, facilities, and personnel available 
(Lie et al. 2004; Schuklenk 2004)?
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tractually agree to indemnification of the 
sponsor’s risk. Advance determination of 
where treatment of research-related injuries 
will occur and arrangements to provide for 
reimbursement of treatment costs and com-
pensation (if  specified) will generally be 
needed for an insurance policy.

Emergency response circumstances can 
affect risk allocation choices. The commercial 
insurance market may find it difficult to esti-
mate the risk associated with an intervention, 
and truncated safety testing may render spon-
sors or manufacturers more reluctant to 
accept responsibility for possible injuries (The 
Economist 2014), and local procedures for 
adjudicating claims may be unacceptable to 
sponsors or insurers. In such instances, gov-
ernment may step in to cover treatment or 
insurance costs or offer indemnification con-
tracts to sponsors, especially if  the manufac-
turer requires such coverage before providing 
the investigational product. Costs could be 
borne directly by a government, or possibly by 
a dedicated funding source established with 
either budgetary allocations or capital from 
other sources (Henry et  al. 2015). The U.S. 
government has had a long-standing mecha-
nism for indemnification of claims brought in 
U.S. courts against vaccine manufacturers: 
the Public Readiness and Emergency 
Preparedness Act (PREP) (HHS/ASPR 2019). 
The U.S. Secretary of Health and Human 
Services authorized Ebola vaccine coverage 
under PREP in 2014 and did the same for 
COVID- 19 vaccines in 2020 (Halabi and 
Monahan 2015). However, governments 
where emergency response research is likely, 
often in developing countries, may offer little 
or no protection for manufacturers, especially 
when the interventions are not licensed and 
government indemnification could unduly 
burden countries that lack financial resources 
(Ebola Vaccine Team B 2017).

Beyond treatment, compensation is sel-
dom offered for injuries or deaths attributable 
to a clinical trial, especially after it has con-
cluded (Steinbrook 2006). Such compensation 
could be demanded by national governments, 
by nongovernmental organizations (NGOs), 
or by local healthcare advocacy groups. 
Again, there are a variety of ways to address 

this risk (e.g., commercial insurance, indemni-
fication contracts, or self-insurance funds), 
although all involve expenses that can be sub-
stantial. Establishing a compensation mecha-
nism can also entail complex negotiations and 
processes for determinations of fault, attribu-
tion to a clinical trial intervention, cost of 
coverage, the period of coverage, levels of 
compensation, and dispute resolution.

3  Examples of Risk Management 
Alternatives

Some considerations with regard to these var-
ious risk management alternatives are illus-
trated in the following examples. The examples 
relate to both commercial insurance and self- 
funding of injury and death claims.

During the 2014–2015 Ebola epidemic in 
West Africa, research sponsors and the Sierra 
Leone government explored purchase of com-
mercial insurance coverage for vaccine trial 
injury or death compensation. While the pro-
vision of insurance was expected to allay par-
ticipant fears about the study, it also sparked 
“worried conversations about the likelihood 
that if  the trial provided insurance it meant 
the trialists expected people to die in the pro-
cess” (Enria et al. 2016).

The Liberian government wanted assur-
ances of compensation for injury or death 
claims attributable to Partnership for Research 
on Ebola Vaccines in Liberia (PREVAIL) I 
vaccine trial participation and ancillary activ-
ities. Initial contacts with commercial insur-
ance companies indicated that coverage would 
be expensive. A 2015 quote for PREVAIL I 
from the ACE Illinois Union Insurance 
Company estimated the annual cost at a mini-
mum of US$65,000–$100,000, plus about 
$14.16 per participant over the first 1000 
enrolled, depending on the amount of cover-
age and deductibles. Despite the cost, com-
mercial insurance was attractive because it 
was competitive, was based on a large risk 
pool, and could be activated more quickly. 
Purchase of commercial liability insurance, 
however, was rejected because Liberian repre-
sentatives lacked faith in the coverage and 
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commitments offered by the international car-
riers (Larson et al. 2017).

Instead, Liberian representatives proposed 
a broad-scope, self-insurance fund based in 
Liberia. The fund would be capitalized by the 
U.S. government and pharmaceutical firms 
and would be managed by Liberia’s National 
Social Security and Welfare Corporation, the 
government entity responsible for the admin-
istration of the country’s social security 
 system.

Both Liberia and the U.S. National 
Institutes of Health (NIH) engaged in lengthy 
negotiations to resolve differences regarding 
the source and amount of fund capitalization, 
the appropriate entity to adjudicate claims, 
third-party dispute arbitration, and another 
fundamental issue—the scope of coverage. 
The NIH supported coverage for study-related 
injuries but was unwilling to agree to Liberian 
requests for treatment and compensation for 
unrelated diseases that were diagnosed in 
research participants. Discussions continued 
as the PREVAIL study opened in late 
February 2015, but differences over the source 
and amount of capitalization, claims adjudi-
cation, dispute arbitration, and scope of cov-
erage proved insurmountable. Initial 
PREVAIL I follow-up concluded in May 2016 
without agreement but also without any sub-
sequent trial claims of injury or death (Larson 
et al. 2017).

Early in the West African Ebola epidemic, 
the World Bank and some governments dis-
cussed emergency indemnification, but made 
no progress in developing an overall structure 
for clinical trials. Anticipating similar 
demands for liability compensation in future 
disease outbreaks, the World Bank launched a 
Pandemic Emergency Financing Facility 
(PEF) in 2017 to finance insurance funds and 
provide for more equitable risk-sharing (Ebola 
Vaccine Team B 2017; Gostin and Friedman 
2015; World Bank 2019). PEF did not attract 
enthusiastic support from potential funders 
(Brim and Wenham 2019). However, the fund 
was activated three times between 2018 and 
2019 for the ninth and tenth Ebola outbreaks 
in the Democratic Republic of the Congo at 
the request of its government, in the amount 
of US$61.4 million. In 2020, the PEF was 

again activated and allocated $195.84 million 
to 64 of the world’s poorest countries for 
COVID- 19. In these instances, the funds were 
intended for surge response in emergency out-
breaks and did not provide for research liabil-
ity financing (World Bank 2019).

4  Insurance for Medical 
and Research Personnel

Other insurance issues in emergency response 
research include in-country medical care and 
medical evacuation insurance for local and 
international medical and research personnel. 
Coverage may be based on an individual’s per-
sonal health insurance, but policy language may 
limit the coverage, or insurers may add specific 
disease exclusions to new or renewal policies 
(Cohn et al. 2014). Ultimately, responsibility for 
gaps in medical care or evacuation insurance 
will likely rest with governments, NGOs, or 
institutions employing the research personnel 
that respond to the health emergency. Otherwise, 
it may be more difficult to recruit or reposition 
personnel for research settings absent such 
assurances of care or evacuation.

5  Conclusions

While we have sketched out some options and 
potential solutions above, much work remains 
to ensure adequate insurance and indemnity 
coverage for clinical research during an emer-
gency in developing countries.

? Discussion Questions
 1. Define “insurance” and “indemnifica-

tion” in the context of  risk manage-
ment during an emergency response.

 2. Discuss how emergency response cir-
cumstances can affect choices of  cost 
risk allocation.

 3. What happens if  the commercial insur-
ance market finds it difficult to estimate 
the risk associated with an intervention?

 4. Discuss the examples of  alternative risk 
management strategies from the 
2014–2015 Ebola epidemic in West 
Africa.
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 5. What assurances of  care or evacuation 
may be necessary to ensure optimal 
recruitment and temporary re- 
assignment of  medical and research 
personnel during health emergencies? 
Who can, or should, provide such 
assurances?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Core elements of ethical research during a 
pandemic response

 5 Ethical and scientific review requirements 
to ensure that risks to research participants 
are appropriately accounted for and mini-
mized

 5 Primary responsibilities of research ethics 
committees and scientific and safety review-
ers

 5 Organizations most likely to have the 
capacity to support and implement effec-
tive research response, including needed 
reviews, during disease outbreaks

 5 WHO MEURI process that provides guid-
ance for the use of investigational products 
outside research and potential disadvan-
tages of using investigational products this 
way

 5 Vulnerable populations whose special 
requirements researchers must consider 
when planning research

1  Introduction

This chapter focuses on the ethical review of 
clinical research implemented as part of an 
emergency response carried out in partnership 
between two countries. However, much of the 
material below could also apply to other part-
nerships. 7 In Practice 4.2 discusses ethical 
review for the massive, worldwide research 
effort to understand and counter severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2). As a matter of context, emergency 
research oversight requires a concerted effort 
by all partners involved to ensure that the 
entire process is well documented, well under-
stood, and transparent. Oversight needs to be 
thorough, but that does not have to mean for-
mal and bureaucratic. Lane et al. (2016) pro-
vide a roadmap for investigators and planners 
in an emergency research response that 
describes key considerations, including ethical 
ones, for planning and oversight in the emer-
gency response setting.

Following the principles discussed in Lane 
et al. (2016) and in 7 Chap. 4 in this volume, 
the design and implementation of the research 
should include the following:
 1. The design of any research is done in part-

nership with officials, scientists, and physi-
cians, including clinical investigators, as 
well as representatives of affected commu-
nities from the country or countries where 
the research program will be conducted. 
An assessment of existing research infra-
structure in the host country is also essen-
tial for research planning, which may 
require ethical review training and capac-
ity building.

 2. All research designs undergo rigorous, 
independent scientific review to ensure 
their validity, including the plausibility of 
benefits from candidate vaccines, thera-
pies, or other interventions.

 3. Initial and continuing ethical review is 
conducted by Research Ethics committees 
(REC),1 both in the host country and by 
the sponsoring institution(s), to ensure 
that the research protocol meets global 
ethical standards, takes local context into 
account appropriately, and complies with 
laws and regulations governing research in 
the country where research will occur and 
those of the sponsoring organization(s). 
The REC will also take into account one 
or more of the broadly accepted interna-
tional guideline documents, like Guidance 
for Managing Ethical Issues in Infectious 
Disease Outbreaks; International Ethical 
Guidelines for Health-Related Research 
Involving Humans; and Good Participatory 
Practice: Guidelines for Biomedical HIV 
Prevention Trials (7 Chaps. 4 and 5) 

1 Research ethics committee (REC) is the preferred 
term in this book because it is more descriptive than 
the usual term used in the United States, institu-
tional review board (IRB), as well as more familiar 
globally. Other frequently used terms in English 
include medical research ethics committee (MREC), 
research ethics board (REB), and human research 
ethics committee (HREC).
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(CIOMS 2016; UNAIDS and AVAC 2011; 
WHO 2016, 2019).

 4. When the study involves randomization to 
a masked intervention, whether a placebo 
or alternate medical countermeasure, ini-
tial and periodic review is undertaken by an 
independent Data and Safety Monitoring 
Board (7 Chap. 23), with representation 
from the population affected by the out-
break, to ensure the safety of research par-
ticipants and proper consideration and 
integration of host- country perspectives.

 5. Research planners must commit to mak-
ing the data supporting reported results 
broadly available as soon as practically 
possible.

 6. From the outset, planners need to keep in 
mind other bodies that need to be involved 
in a review of the research (e.g., is a radia-
tion safety committee or an institutional 
biosafety committee review needed).

 7. The research must be scientifically and ethi-
cally acceptable to regulatory authorities 
who will ultimately be responsible for 
approval or licensing of interventions found 
to be safe and efficacious (7 Chap. 6).

2  Scientific Review

While this chapter deals primarily with ethical 
review, independent assessment of the scien-
tific basis for the research is no less essential. 
Indeed, research must be scientifically sound 
to be ethical in an emergency, for it would oth-
erwise be diverting scarce resources to no use-
ful purpose, as well as subjecting participants 
to risk without the likelihood of findings reg-
ulators will be able to use. So fundamental is 
this requirement that the first sentence of the 
first guideline in the widely respected (CIOMS 
2016) guidelines is “the ethical justification for 
undertaking health-related research involving 
humans is its scientific and social value.”

While the requirement for scientific review 
is not necessarily codified to the extent that 
REC requirements are, the REC depends on a 
formally constituted scientific review commit-
tee or another scientific peer review to assess 

the scientific rationale and design of the 
research. Scientific review is normally under-
taken by a properly qualified committee of 
peers in the scientific discipline of the study, 
which evaluates the available pre-clinical and 
clinical data to ensure that risks to research 
participants are appropriately accounted for 
and minimized. The scientific review must 
include host-country representation to ensure 
that the planned research benefits the 
impacted community. Like RECs, scientific 
review bodies periodically reconvene to evalu-
ate related literature and interim study results 
that may bear upon the relevance or safety of 
the study. This is an ongoing process to con-
sider and recommend changes to the study if  
indicated by the findings or to recommend 
discontinuation in some circumstances.

Depending on the scope of an infectious 
disease outbreak, dialogue on study design 
may involve discussions at the level of the 
World Health Organization (WHO) and with 
other sponsoring governments or organiza-
tions. For example, in 2018, under the aegis of 
their Research and Development Blueprint, 
WHO convened an ad hoc expert consulta-
tion on clinical trials for Ebola therapeutics. 
Experts in trial design and infectious diseases 
from around the globe, including experts from 
the Democratic Republic of the Congo 
(DRC), where the country’s most serious 
Ebola outbreak to date had begun in August 
2018, discussed the merits of a proposed ran-
domized controlled trial of Ebola therapeutic 
candidates (Mulangu et  al. 2019; WHO 
2018a). The transparency of this process gen-
erated confidence in the proposed research, 
both in the region affected by the outbreak 
and in the research community planning the 
implementation of the study.

3  Research Ethics Committee 
Review

The regulatory requirements for REC review 
are well codified in U.S. and other regulatory 
frameworks (Council of  the European Union 
and European Parliament 2006; FDA 2023; 
HHS 2023; WHO 2020). The challenging 
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part of  the REC review process, especially in 
multinational research with more than one 
sponsoring organization, is determining pre-
cisely what REC reviews are required. 
Ethical review in accordance with the laws 
and regulations of  the country or countries 
where the research will take place is indis-
pensable. In the case of  EID outbreak 
research, that often means places where the 
health systems, very likely under-resourced 
in any case, are stressed well beyond capac-
ity. In addition, many institutions require 
that the RECs overseeing their research 
review the research if  their staff  or faculty 
are actively engaged in any given research 
project, at the very least for the portion of 
the research in which their researchers are 
participating. If, for example, a clinical 
research study is funded or linked to funding 
with U.S. federal funds, then U.S. require-
ments apply—that is, review by an appropri-
ately constituted REC in the United States 
with authority to oversee the research in the 
setting where it takes place. In the case of 
research sponsored in whole or part by a 
U.S. institution that uses federal funding, the 
REC must be registered with the HHS Office 
for Human Research Protections and 
approved for a Federal- Wide Assurance for 
the partner research institution (HHS 2023).

Thus, multiple RECs may need to approve 
the research. Multiple reviews and revisions 
may strengthen the scientific and ethical rigor 
of the research program and the safety of par-
ticipants but obviously have the potential to 
generate confusion and delay. Aside from 
multiple committees that must meet their 
deadlines, they could make incompatible stip-
ulations that require further time and effort to 
resolve. Research teams must be aware of the 
various national and institutional require-
ments—another reason for the necessity of 
collaboration with in-country investigators. 
Online tools such as the NIH ClinRegs Web 
site (NIAID 2023) and the European Clinical 
Research Information Network (2023) are 
platforms used to access, analyze, and com-
pare requirements in selected countries. 
Further work to extend the coverage of such 
platforms is one of many seldom-mentioned 

actions needed to improve global prepared-
ness for emergency research response 
(NASEM 2017).

In addition to planning for multiple REC 
reviews, it is important to consider the poten-
tial pool of research participants. Research 
that may involve potentially vulnerable popu-
lations such as children, pregnant women, or 
prisoners has special requirements that inves-
tigators must consider in planning their 
research. The CIOMS (2016) guidelines, to 
take one example, include a chapter on 
research involving vulnerable people, which is 
introduced by a strong normative statement: 
“When vulnerable individuals and groups are 
considered for recruitment in research, 
researchers and research ethics committees 
must ensure that specific protections are in 
place to safeguard the rights and welfare of 
these individuals.”

While an emergency response to an out-
break is a less-than-optimal time to embark 
on REC capacity building, it is surely a test of 
the adequacy and adaptability of existing eth-
ical review capacity in the country of the out-
break and the ability of its medical system to 
rise to the challenge. The lessons of the emer-
gency experience should become the basis for 
sustainable, long-term planning to build med-
ical ethics expertise and corresponding insti-
tutional structures (7 In Practice 33.3).

Longer-term capacity building aside, a 
REC in the country where emergency research 
will be conducted may need more immediate 
guidance on critical ethical considerations for 
the research. One approach used in the 
response to the 2014–2016 West Africa Ebola 
outbreak was the provision of meeting min-
utes from the National Institute of Allergy 
and Infectious Diseases (NIAID) IRB to the 
newly established Liberian National Research 
Ethics Board (7 In Practice 33.1). The min-
utes documented the controverted issues con-
sidered by the NIAID IRB and in effect 
provided the Liberian REC with a shortcut 
through the discussion of the more general 
ethical issues, allowing them to proceed more 
quickly to consideration of the local context 
when evaluating the risks and benefits of the 
proposed research.
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4  Regulatory Mechanisms 
for Investigation of Unlicensed 
Medical Interventions

While 7 Chap. 6 focuses on regulatory fac-
tors for the conduct of research on investiga-
tional medical countermeasures (MCMs) in 
an outbreak setting, the policy guidance of 
research funders must also be considered. For 
example, while research on investigational 
products conducted outside the United States 
is not typically subject to the requirements of 
the U.S. Food and Drug Administration 
(FDA), it has been common practice at 
NIAID to conduct research with an FDA 
Investigational New Drug (IND) approval 
when applicable. As such, planners need to 
provide sufficient time in the planning horizon 
for review by the applicable regulatory bodies. 
Timelines for reviews such as this, both in the 
United States and internationally, typically 
span months versus weeks.

Regarding the policy position of NIAID 
and international research with investiga-
tional drugs, an understanding of the organi-
zational link between NIAID and FDA 
provides a window into the potential synergy 
from their common U.S. Department of 
Health and Human Services (HHS) lineage. 
As related organizations, they have the com-
mon goal of advancing overall U.S. response 
to disease outbreaks and work collaboratively 
on U.S. government inter-agency teams, dis-
cussing the merits of various products and the 
associated study designs. Moreover, FDA 
works with multinational pharmaceutical 
partners and countries where outbreaks occur 
to ensure that all parties are informed about 
and support any necessary FDA assistance to 
the nascent regulatory bodies reviewing dos-
siers associated with investigational drug and 
vaccine studies. (The role of stringent regula-
tory authorities in capacity building is 
described in greater detail in 7 Chap. 6.)

Similar procedural requirements will apply 
when WHO or other developed-country spon-
sors are supporting or overseeing the research. 
WHO has a procedure called Emergency Use 
Listing (EUL), which covers investigational 

use of new products (WHO 2019) and is pri-
marily intended for use in Public Health 
Emergencies of International Concern 
(PHEIC). Another WHO process that may 
need to be considered in the research context 
is called Monitored Emergency Use of 
Unregistered and Investigational 
Interventions (MEURI), which provides 
guidance for use of investigational products 
outside research—when, for example, there is 
impetus to use unlicensed products during a 
high-mortality outbreak like Ebola (WHO 
2018b).

5  Institutional Biosafety 
Committees

For research involving recombinant or syn-
thetic nucleic acid molecules, consideration of 
an institutional biosafety committee (IBC) is 
also required, according to NIH guidelines 
(NIH 2019). This requirement is substantially 
more challenging for outbreak countries to 
comply with but it was effectively satisfied 
during the 2014–2016 West African Ebola 
outbreak. As the concepts associated with 
convening an IBC are not universally under-
stood and rarely practiced in resource-limited 
settings, uncommon solutions were sought to 
comply with the requirement. The executive 
secretary of the NIH Intramural IBC invited 
representatives from West Africa to take part 
in a conference call meeting with the IBC. The 
combined group was chartered as a new entity 
responsible for the protection of the research 
participants, study team, and local commu-
nity from any potentially adverse conse-
quences of the spread of replicating portions 
of one of the vaccines used in the first 
Partnership for Research on Ebola Vaccines 
in Liberia (PREVAIL) study (Kennedy et al. 
2017). The collective discussion provided all 
parties with a better understanding of the 
challenges associated with the conduct of the 
trial in that setting and resulted in a better 
appreciation of the relative risks associated 
with the vaccine in the environment where the 
study took place. While the role of the IBC is 
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tied directly to funding from the NIH in the 
United States, those funded by other sources 
should consult directly with respective funders 
about any such requirements.

6  Conclusion

Navigating the labyrinth of reviews required 
to initiate clinical research can seem an over-
whelming task. Establishing a pathway for a 
clinical research study during an epidemic is 
even more daunting. However, embarking on 
that path with realistic expectations and a 
sound project management approach can 
reduce frustrations and delays and ensure that 
all reviews achieve their overall regulatory 
purpose of protecting research participants. 
As noted, the review process may seem overly 
bureaucratic at times. In emergency response, 
a degree of creative adaptability may be essen-
tial, but such creativity must be applied to sat-
isfy essential ethical requirements, not to skirt 
them. However fraught the circumstances, 
researchers should never lose sight of their 
goal: ethically and scientifically sound 
research that leads to better medical care for 
people suffering from disease.

? Discussion Questions
 1. Why do clinical trials need to be 

reviewed for compliance with ethical 
and scientific standards?

 2. What platforms are available for access-
ing, analyzing, and comparing national 
and institutional regulatory require-
ments in selected countries?

 3. What might make a social group or pop-
ulation especially vulnerable, so that 
researchers need to consider their special 
circumstances in research planning and 
review?

 4. What organizations have roles in sup-
porting and implementing research 
response to disease outbreaks?

 5. What is the WHO process that pro-
vides guidance for use of  investiga-
tional products outside research? What 
are the potential disadvantages of 
using experimental products outside a 
research setting?
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Fatorma Bolay was Director of the Liberia 
Institute for Biomedical Research when he passed 
away in March 2021. He reviewed a near-final 
version of this text before his death, but some 
subsequent changes have been made by the 
editors.

Learning Objectives
This chapter will help readers understand and 
describe:

 5 Ethical review guidelines and implementa-
tion challenges during EID emergencies, 
especially in low-resource countries experi-
encing social disruption.

 5 How the agencies responsible quickly built 
ethical review capacity in Liberia during the 
West Africa 2014–2016 Ebola epidemic and 
what training was required.

 5 Factors that facilitated an agile response by 
the National Research Ethics Board of 
Liberia to the re-emergence of the Ebola 
virus in 2015.

1  Emergency Ethics Review

Ethical review for clinical research, always a 
careful exercise in balancing inviolable human 
subject protections with potential risks of 
novel medical interventions, faces heightened 
challenges in an infectious disease emergency 
like the 2014–2016 Ebola outbreak in West 
Africa (7 Chap. 5). Strong pressures to miti-
gate morbidity and mortality and stop disease 
transmission combine with resource shortages 
and disorganization common to emergencies 
to present an ethics review board with tough 
choices that need quick decisions. The task is 
even more difficult when a country like 
Liberia—with little research capacity and 
institutions still recovering from a long civil 
war—is suddenly faced with an epidemic that 
threatens its social fabric (NASEM 2017). 
Even during the 2003 outbreak of SARS in 
Toronto, clinical researchers noted that slow 
approvals from research ethics boards had 
resulted in “delays and missed opportunities” 
(Muller et al. 2004).

2  Ethical Review Capacity 
in Liberia Before the 2014–2016 
Ebola Outbreak

After 14  years of civil war in Liberia, the 
Liberia Institute for Biomedical Research 
(LIBR) reestablished its Institutional Review 
Board (IRB, equivalent to REC or Research 
ethics committee) to support health research 
in 2007. While the LIBR IRB was rebuilding 
its capabilities with partners dedicated to 
improving research and ethical review capac-
ity in Africa,1 it had only undertaken two pro-
tocol reviews of research proposals before the 
Ebola outbreak struck in 2014. Since Liberia 
had no official national ethical review body, 
continual requests soon followed for the LIBR 
IRB to conduct ethical reviews of research 
proposals that would not otherwise have 
involved LIBR.  In response, the Liberian 
Ministry of Health and Social Welfare (MOH) 
recognized the LIBR IRB as the official IRB 
for the MOH, with a name change to the 
National Health Science and Research Ethics 
Committee (NHSRC). At that time there was 
another nascent ethical review board known 
as UL PIRE, a collaborative agreement 
between the University of Liberia and the 
Atlantic Center for Research & Evaluation 
(PIRE) based in the United States (UL-PIRE 
2012).

3  Ethical Review During the EVD 
Outbreak

On March 30, 2014, the first two Ebola virus 
disease (EVD) cases were confirmed in 
Liberia, and on April 7 the first EVD case was 
confirmed in the capital, Monrovia; many 
additional cases soon followed (WHO 2015). 
During the EVD outbreak, the NHSRC was 

1 Partners included the Pan African Bioethics Initia-
tive (PABIN), Strategic Initiative for Developing 
Capacity in Ethical Review (SIDCER), and Map-
ping African Research Ethics Review Capacity 
(MARC).
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reconstituted and directed to conduct Ebola- 
related ethical reviews. Board members 
included epidemiologists, clinicians, sociolo-
gists, anthropologists, public health experts, 
religious and local community elders, and 
other subject matter experts as the need arose. 
Many of the members, although experts in 
their own fields, had little or no experience 
with ethical review of research proposals.

In order to legitimize the newly reconsti-
tuted NHSRC, which became the National 
Research Ethics Board (NREB) in December 
2014, the Ministry of Health issued official 
appointment letters to the members pending 
national legislation. NREB members 
 immediately began to undertake training, 
supported by NIH and WHO, on principles 
of research ethics in complex emergencies, 
concentrating on expedited protocol review, 
amending protocols, protocol resubmission, 
protocol continuation, etc. Thanks to the 
training and institution-building supported 
by NIH and WHO, Liberia quickly built 
capacity to carry out ethical reviews during 
the Ebola outbreak.

4  Ebola Outbreak Response

In collaboration with the World Health 
Organization, UNICEF, and the U.S. Centers 
for Disease Control and Prevention (CDC), 
the Liberia MOH first initiated response mea-
sures that included public health interven-
tions, sanitary protections, contact tracing, 
and isolation to hinder the spread of infec-
tion. In August 2014, the MOH requested 
research cooperation from the U.S. 
Department of Health and Human Services, 
resulting in a collaboration between the 
Liberian MOH and the U.S. National Institute 
of Allergy and Infectious Diseases (NIAID). 
The first clinical trial of this partnership to 
undergo ethical review by the reconstituted 
NREB was the PREVAIL-1 vaccine study, a 
phase 2 randomized clinical trial testing two 
vaccines (rVSV-ZEBOV and ChAd3-EBO-Z) 
against a placebo in a total of 1500 partici-
pants (Kennedy et al. 2017) (7 Chap. 17).

5  November 2015 Cluster Study

After Liberia was first declared Ebola-free in 
May 2015, the virus resurfaced in June and 
November 2015. In the November case, a 
15-year-old boy and two additional family 
members were diagnosed with Ebola (WHO 
2016). Based on interim results from cluster 
trials (also known as ring trials) in Guinea 
(Henao-Restrepo et al. 2015), a modified pro-
tocol for a single-arm cluster vaccination trial 
using the rVSV-ZEBOV vaccine came to the 
NREB with a request for approval within 
2 days, given the urgency of ensuring that the 
re-emergence of the Ebola virus remain lim-
ited (Bolay et al. 2019; Henao-Restrepo et al. 
2017). The NREB demonstrated how it had 
evolved into a functional, effective body by 
ensuring compliance with ethical principles 
under the deadline. This made it possible for 
the amended study to begin vaccinating con-
tacts just 4 days after the new protocol was 
received. While the virus reappeared once 
more in Liberia, in March–April 2016, the 
NREB approval speeded the cluster vaccina-
tion response and Liberia’s subsequent Ebola- 
free status. The governance of ethical practices 
at the National Research Ethics Board of 
Liberia (NREB) continues to evolve as the 
types of review and structures for monitoring 
research ethics in Liberia have evolved in par-
allel with the types and quantity of research 
conducted over the last several years.

In the post-Ebola period, the NREB made 
significant strides in the protection of human 
subjects in research and the review of rigorous 
clinical trials, ensuring the safety of research 
participants in line with best practices for 
upholding ethical norms. The NREB has also 
continued with human resource development 
at the national and international levels; over 
the last 5 years, NREB members have bene-
fited from both local and international train-
ing in research ethics, bioethics, and research 
conducted in emergency settings. Nevertheless, 
capacity strengthening must continue, as well 
as work on clear definition of objectives and 
functions, particularly in the context of post-
Ebola changes in the Liberian health sector.
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? Discussion Questions
 1. How do ethical review guidelines 

apply, and how is their implementation 
more complex, during emergency 
response research in low-income coun-
tries experiencing social unrest?

 2. Many National Research Ethics Board 
(NREB) members during the Liberia 
Ebola epidemic of  2014 were experts in 
their own fields but had little experience 
with ethical review of  research propos-
als. What agencies and what training 
helped build ethical review capacity dur-
ing the Ebola outbreak?

 3. Liberia was first declared Ebola-free in 
May 2015, but the virus resurfaced 
later in the same year. To limit the re- 
emergence of  the Ebola virus, NREB 
approved a modified protocol for a 
single-arm cluster vaccination trial 
using the rVSV-ZEBOV within 2 days. 
What factors were crucial to this agile 
response?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 The reason for independent monitoring 
and the clinical trial elements included.

 5 When and how the independent monitoring 
team should identify risks to the trial pro-
cess and data integrity.

 5 Considerations for site assessment.
 5 Resources required for a clinical research 

program to monitor a study.
 5 Essential elements of adverse and unex-

pected events as they are reported.

1  The Need for Monitoring

Regardless of where a study is conducted and 
under what conditions (e.g., limited resources, 
security threats, poor transport, spotty com-
munications), independent monitoring is 
essential to help ensure participants’ rights, 
safety, and welfare. Data integrity and com-
pliance with the protocol approved for the 
clinical trial by the research ethics committee 
(REC) and trial sponsors must be monitored 
from beginning to end. Moreover, regulatory 
bodies, such as the U.S. Food and Drug 
Administration (FDA) and European 
Medicines Agency (EMA), mandate that clin-
ical research with investigational products be 
conducted in accordance with the good clini-
cal practice (GCP) guidelines of the 
International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals 
for Human Use (ICH GCP) (2016). If  a risky 
environment or inaccessibility means on-site 
monitoring is not operationally feasible, spon-
sors need to creatively identify approaches to 
independent monitoring. Sponsors of 
research on investigational medicinal prod-
ucts need to identify the critical processes and 
data required for verification of efficacy as 
well as the risks of the products, both at the 
overall program level and the individual 
research site. The independent monitors need 
to be an integral part of the research planning 
process in order to devise a feasible and effec-

tive mechanism for verifying key information, 
and yet they need to be independent enough 
that they are not unduly influenced by trial 
managers—independent enough to be the 
bearers of bad news if  that turns out to be 
necessary.

2  Identifying Risks

During an emergency response, the oppor-
tune time for the monitoring team to identify 
foreseeable risks to the trial process and data 
integrity is during the initial protocol plan-
ning process and site readiness assessments. 
The site assessment needs to consider all 
applicable regulatory and protocol require-
ments. The assessment report then details how 
implementing tasks will be performed and 
with what staffing profile at that particular 
site. These assessments should be done by 
responsible research team members at the site 
who have seen and walked through the loca-
tion, talked to existing staff  if  it is a medical 
facility, ascertained transportation links, etc. 
An on-the-spot assessment offers the best 
opportunity to strategize how to manage staff, 
equipment, research participants, clinical 
samples, and data. However, if  the security 
risk is such that supervisory monitors cannot 
visit the study site, the team will have to rely 
on staff  at the site to complete a monitoring 
assessment with immediate follow-up, either 
by teleconference or at a central location in a 
safer region of the country where all parties 
can discuss the assessment.

3  Resource Needs

Of course, the success of a trial relies on more 
than a well-constructed protocol. As dis-
cussed elsewhere in this volume (7 Chap. 32), 
the site needs to have the wherewithal to man-
age the study, including necessary structures 
to see participants, provide medical care if  
they are inpatients, and house a pharmacy, 
laboratory, and data management area. The 
functional areas will require corresponding 
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equipment as well as Internet, running water, 
and reliable electricity, either through the grid 
or from generators. In some cases, staff  hous-
ing could also be required.

Site planning needs to begin while the pro-
tocol is still in development, since the limita-
tions of a study site can impact the 
development of the protocol and affect how 
source documentation and case reports are 
formatted and recorded. Communication and 
transportation shortfalls and the constraints 
on study staff, who may need to work in an 
isolation unit and heavy personal protective 
equipment to prevent transmission of the dis-
ease under investigation, are among the fac-
tors that can require adaptations in reporting 
processes (7 Chap. 35).

4  Regulatory Requirements

Understanding all the applicable layers of 
regulatory review is also indispensable. The 
study cannot begin until all RECs and scien-
tific reviewers have agreed on the same version 
of the protocol. This can be challenging if  
there are simultaneous submissions of the 
protocol to several RECs and they respond 
with differing stipulations. Understanding the 
critical pathway for the various required 
approvals is essential in an urgent research 
response. The research team will need to pur-
sue scientific and REC reviews, regulatory 
approvals, logistics requirements, etc. on par-
allel paths rather than sequentially as might 
be done in “peacetime” research.

A related need, vital to the monitoring 
function, is understanding exactly what all the 
regulatory and oversight bodies require for 
reporting adverse and unexpected events and 
deviations once the study is underway 
(7 Chap. 6). For timely reporting, it is essen-
tial to know:

 5 What kind of events must be reported
 5 When to report—at regular intervals or 

immediately after certain events
 5 To which organization
 5 Through what channel
 5 In what format

5  Qualifications and Training

Before the study begins, it is also important to 
ensure that on-site investigators are qualified 
as required by ICH GCP and other applicable 
regulatory and oversight bodies. For example, 
the four-arm PALM Ebola Therapeutics ran-
domized controlled trial (RCT) took place in 
the North Kivu Province of the Democratic 
Republic of the Congo (DRC), an area with 
multiple security threats that included direct, 
violent attacks on Ebola treatment units 
(ETU) (Nguyen 2019). The Congolese study 
team there worked with international non- 
governmental organization (NGO) partners 
who were providing care in Ebola treatment 
units to enroll participants and conduct the 
RCT (7 In Practice 17.1) (Aruna et al. 2019; 
Mulangu et al. 2019). To help mitigate the risk 
of frequently moving staff  on the dangerous 
road system, training was carried out to the 
extent possible before the study began, with 
follow-up as needed throughout study imple-
mentation. This included study protocol and 
protocol implementation training, ICH GCP, 
and focused group training in pharmacy, lab-
oratory, and other specialized competencies. 
Independent monitors ensured staff  were 
trained and appropriately delegated responsi-
bilities before beginning any study-related 
activities. Regular, transparent communica-
tion with the study team was fundamental to 
ensuring new staff  were properly trained and 
assigned to the right tasks.

Independent monitoring lends itself  to 
continuous quality improvement efforts by all 
involved in the research response. This 
becomes evident as the response progresses 
and new challenges unfold. Flexibility and 
openness to a documented and well- 
communicated continuous quality improve-
ment effort are essential. On the other hand, 
an expectation of perfection that may inform 
a workable strategy in a developed country 
could be unrealistic and potentially disastrous 
in an emergency that requires improvisation 
and adaptability.

Training site personnel is a critical element 
for positive outcomes of independent moni-
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toring. Research partnerships are expected to 
include an element of capacity building where 
applicable, which means that training and 
development of personnel on independent 
monitoring and evaluation need to be included 
in the overall capacity building plan.

? Discussion Questions
 1. What is the purpose of  independent 

monitoring? What are the factors that 
must be overseen through the clinical 
trial?

 2. During an emergency response, when 
should the monitoring team identify 
risks to the trial process and data integ-
rity? What must the site assessment con-
sider, and how can supervisory monitors 
obtain this information if  they cannot 
visit the site due to security risks?

 3. What resources does a clinical research 
program need to monitor a study?

 4. What are the essential elements for 
reporting adverse and unexpected 
events?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Essential partnership elements that enable a 
research program to urgently conduct 
sound ethical review of clinical research 
proposals

 5 The place of review mechanisms in forming 
an international emergency research 
response partnership

 5 Measures that can be taken to build sus-
tainable research ethics review capacity 
over the longer term

 5 Some conclusions the global bioethics com-
munity has made in light of the COVID-19 
pandemic. How these lessons might help 
strengthen the research review infrastruc-
ture of low- and middle-income countries

1  Introduction

International research ethics guidelines, 
national legislation in most countries, and the 
policies of most research funders require that 
all research with human participants undergo 
ethical review by a research ethics committee 
(REC)1 with jurisdiction over the location of 
a proposed research study. Since World War 
II, globalization of biomedical research has 
gone hand in hand with development of inter-
national and national guideline documents, 
for example, the Declaration of Helsinki in 
1964 and the International Ethical Guidelines 
for Health-Related Research Involving 
Humans in 1982 (CIOMS 2016; Grady 2019; 
WMA 1964). However, relatively little global 
health research funding and resources have 
supported development of research ethics 
review system capacities in low- and middle- 
income countries (LMICs). A dearth of well- 

1 Research ethics committee (REC) is the preferred 
term in this book because it is more descriptive than 
the usual term used in the United States, institu-
tional review board (IRB), as well as more familiar 
globally. Other frequently used terms in English 
include medical research ethics committee (MREC), 
research ethics board (REB), and human research 
ethics committee (HREC).

qualified ethics committee members, staff, 
and administrative support is common even at 
national research institutions and regulatory 
authorities in LMICs (Saxena et  al. 2019). 
International research funders have begun to 
offer more support for research ethics capac-
ity needs in LMICs over the last two decades 
(Mokgatla et al. 2018), but recent global infec-
tious disease outbreaks have exposed short-
comings in even well-functioning ethical 
review systems in developed countries when 
they must meet the demands of outbreak 
research (Faust et  al. 2021). Countries with 
less robust ethics review systems and limited 
current support, less pertinent expertise, and 
lower administrative capabilities have been 
even more affected (Marzouk et al. 2021).

Any emergency outbreak that the World 
Health Organization declares a Public Health 
Emergency of International Concern 
(PHEIC) is likely to generate multiple research 
proposals, resulting in a surge of applications 
for ethical review under enormous time pres-
sure (Meyer et al. 2021). Among the multiple 
protocols submitted, there may well be dupli-
cative studies from research groups with little 
relevant field experience acting with little 
coordination with other researchers. Initial 
proposals may lack critical details due to the 
many uncertainties of an emerging pathogen 
or a pathogen emerging in a new environment. 
Quality of study design may be uneven. 
Knowledge about disease transmission, safety 
procedures, and standards of patient care is 
likely to change over time during the out-
break. Depending on local circumstances, 
ethics reviewers may need to increase scrutiny 
of participant vulnerability, potential stigma, 
and other psychosocial impacts of proposed 
research. Reviewers could also face increased 
tension over the ethics of using placebos in 
randomly controlled trials (RCTs) during 
high-mortality outbreaks, alternative research 
designs, inclusion of children and pregnant 
women, and whether risk-benefit analysis has 
been properly conducted (Macklin 2021).

On a practical level, the review committee 
members with the greatest expertise will likely 
be juggling many additional professional and 
personal obligations. Ethical review processes 
may lack needed flexibilities, authority, staff-
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ing, electronic applications, tracking, and 
communication systems. Information 
resources for committee members, research-
ers, and other stakeholders may be inade-
quate. A number of these issues may be 
exacerbated by mandated isolation measures 
and closures at universities, research institu-
tions, and government agencies, not to men-
tion society at large (Hashem et al. 2020).

An essential element of genuine 
 partnership with the country, health system, 
and communities hosting the research pro-
gram is immediate capacity building to ensure 
reasonably adequate review of response 
research proposals by affected stakeholders. 
Looking beyond the crisis, research partners 
must make every effort to continue sustain-
able strengthening of local resources and 
institutions, so they can continue oversight of 
ongoing research, review new research pro-
posals, and be better prepared for the next 
outbreak or other public health emergency 
(7 Chaps. 4 and 5). To that end, this chapter 
will concentrate on three areas:
 1. Evaluation of existing research ethics 

review capacity
 2. Partnering and exchange to immediately 

address gaps and needs
 3. Developing future research infrastructure 

and capacity

2  Evaluation of Existing Research 
Ethics Review Capacity

One of the first tasks for a research team set-
ting up an emergency research response part-
nership is to determine what national laws, 

guidelines, and procedures govern the con-
duct and oversight of research. For example, 
shortly before the 2014–2016 Ebola outbreak 
in West Africa, both the Liberia Medicines 
and Health Products Regulatory Authority 
(2014) and the Pharmacy Board of Sierra 
Leone (2019) had established or updated 
national guidelines for the conduct of clinical 
trials. Documents such as these provide a 
starting point for determining what steps 
needed to be undertaken to initiate a clinical 
trial, including an early understanding of 
what REC reviews and other regulatory steps 
are required (7 Chap. 26).

Several efforts have been made to collate 
and analyze detailed information about 
LMIC REC capacity and make this infor-
mation available to the scientific community. 
For example, the MARC (Mapping African 
Research Ethics Review and Medicines 
Regulatory Capacity) initiative collected 
data about available REC infrastructure, 
protocol submission methods, review proce-
dures, and membership and administrative 
staff  including bioethics training back-
grounds. This initiative recently expanded to 
include the PAHO (Pan-American Health 
Organization) region and covers over a thou-
sand RECS (see Health Research Web 
below). Analysis of  MARC data on African 
REC member training by Mokgatla et  al. 
(2018) found evidence of  strengthened ethi-
cal review across the continent: 49% of 
RECs had members who had completed 
short courses in research ethics, 28% of 
RECS included members with related 
degrees, and only 11% did not have any 
members with relevant bioethics training.

Box 1
Information on international research regula-
tions, ethics review systems, and accreditation 
in many countries may be found through Web 
sites and publications cited here:

The U.S. Office on Human Research Pro-
tection International Program maintains sev-
eral relevant resources for finding relevant in-
formation:

 5 The International Compilation of  Human 
Research Standards lists over 1000 laws, 
regulations, and guidelines on human sub-
jects protections in 133 countries and from 
many international organizations (OHRP 
2020).

 5 A searchable database lists institutions that 
have qualified for a Federal-wide assurance 
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In an emergency, some countries may 
waive some of the requirements set forth in 
their regulations or guidance to expedite a 
rapid research response. Nevertheless, it must 
be clear that only procedural steps can be 
elided; substantive ethical review still needs to 
meet institutional, national, and international 
standards. Even if  one reached the conclusion 
that ethical review could be weakened, as a 
practical matter, authorities including the 
U.S. Food and Drug Administration, 
European Medicines Agency, and WHO will 

not accept research results for the purpose of 
pre- certification, emergency authorization, or 
licensing unless they are satisfied that the 
research demonstrably satisfies ethical 
requirements (EMA 2021; FDA 2021; WHO 
2020a). For many years, and especially since 
the clinical trials carried out during the 
2014–2016 Ebola outbreak in West Africa, 
reflection on ethical issues and ethical review 
practice for research conducted during emer-
gencies have served as foundations for specific 
ethical guidance issued for health emergen-

(FWA) that the institution is in compliance 
with U.S. Protection of Human Subjects 
regulations (OHRP 2021). An FWA is re-
quired for U.S. federally funded research 
wherever it takes place.

The Health Research Web, maintained by the 
Council on Health Research for Development, 
includes country information about governance, 
policies, research ethics review, medicines regu-
lation, etc. (Health Research Web 2021).

There is a WHO list of  National Research 
Ethics Committees (WHO 2015).

The Association for the Accreditation of 
Human Research Protection Programs, Inc. 
(AAHRPP) lists accredited organizations, ac-
creditation standards, and resources (AAH-
RPP 2023).

The Forum for Ethical Review Commit-
tees in the Asia and Western Pacific region rec-
ognizes RECs in compliance with WHO Op-
erational Guidelines for Ethics Committees 
Reviewing Biomedical Research (SIDCER-
FERRCAP Foundation 2022).

The multinational Caribbean Public Health 
Agency hosts both a Caribbean Network of 
Research Ethics Committees and a Network of 
Caribbean Regulatory Systems, which work to-
gether to improve ethical and regulatory review 
in the region (CARPHA 2023).

The FDA International Office works in 
partnership with foreign governments, regula-

tory coalitions, development organizations, 
and academic institutions on regulatory sys-
tems strengthening (FDA 2023).

FDA also makes medical countermeasure 
(MCM) cooperative agreements to assist the 
regulatory agencies of  other countries when 
they are faced with an emerging infectious dis-
ease outbreak (FDA 2019). During the 
2014–2016 West Africa Ebola outbreak, for 
example, the FDA developed and imple-
mented confidentiality agreements with their 
regulatory counterparts in each of  the coun-
tries most affected by the outbreak (FDA 
2020). This allowed the FDA to share non-
public information about the investigational 
MCMs with the local authorities, facilitating 
their review and providing experience that 
should enhance their ability to evaluate stud-
ies of  other products used in clinical trials in 
the future.

The European Medicines Agency (EMA) 
implements bilateral interactions with non-
EU regulators (EMA 2023).

The International Coalition of  Medicines 
Regulatory Authorities has published a 
“Framework for the Involvement of  Health 
Regulatory Authorities in the Management of 
Global Health Crises” (ICMRA 2019).

The Pan-American Health Organization 
has a List and System for Evaluation of  the 
National Regulatory Authorities for Medi-
cines (PAHO 2018).
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cies, including COVID-19 research (Nuffield 
Council on Bioethics 2020; Saxena et al. 2019; 
WHO 2020b, c, d, e). Some LMICs also 
issued their own emergency research ethics 
regulations, guidance, or action plans for the 
COVID-19 epidemic (Mathur 2020; Reyes 
2020; Tibenderana et  al. 2021; Zhang et  al. 
2020).

3  Partnership, Information, 
and Action

Ethics review during a pandemic must navi-
gate between the Scylla of compromising 
essential standards and the Charybdis of 
delay. As is likely with any novel pathogen, 
initial uncertainties about transmission and 
disease course with SARS-CoV-2 complicated 
ethical and scientific review, as did the haste 
with which countries mobilized resources to 
mount a research response. Changing conclu-
sions about SARS-CoV-2 transmission made 
it difficult to know how best to protect 
research participants, medical workers, and 
community members, even as evolving public 
health messaging engendered mistrust among 
many populations. Dramatic differences in 
mortality rates between socially secure and 
disadvantaged populations made it clear that 
health equity needed to be a priority in 
research as in healthcare. A multitude of early 
trials that were not well designed to produce 
robust results sharpened the question of how 
to ensure trials were scientifically as well as 
ethically sound; the related issues of whether 
to publish flawed results and how quickly are 
still difficult to answer (Dean et  al. 2020; 
Lumeng et al. 2020).

The questions above applied everywhere 
COVID-19 research was done, though the 
bulk of emergency research was done in devel-
oped countries with strong biomedical 
research capacity and with the repurposing of 
a great proportion of biomedical research 
capacity from other questions to COVID-19. 
In LMICs, researchers and research organiza-
tions can seek to build capacity to meet the 
extraordinary demands and limitations 

imposed by the current epidemic and future 
outbreaks and to ensure excellence in ethics 
review through:
 1. Commitment to partnership and coordi-

nation (7 Chap. 30)
 2. Ensuring access to expert consultation and 

focused training
 3. Urgent improvements in information and 

communications technology (7 Chap. 34)

3.1  Partnership and Coordination

It is widely accepted that true collaborative 
partnership between researchers and sponsors 
in developed countries and researchers, policy 
makers, and communities in developing coun-
tries helps make research ethical; in fact, 
Emanuel et al. (2004) make it the first princi-
ple in their influential article, “What Makes 
Research in Developing Countries Ethical?” 
Intensive collaboration and coordination 
among all researchers, regulatory agencies, 
and health institutions involved in any 
response initiative are critical to effective epi-
demic response. Partnerships with LMIC eth-
ical review committees must both support 
independent decision-making as required by 
country sovereignty and institutional auton-
omy and meet the urgent need to validate 
countermeasures against the outbreak by 
beginning research as soon as possible 
(7 Chap. 30).

Mentorship and advisory consultations 
are one relatively expeditious approach to fill 
any gaps in REC member expertise. For 
example:

 5 A REC more experienced with reviewing 
clinical research in an emergency could 
provide advice and training on how to 
modify standard operating procedures 
(SOPs) to decrease the length of time for 
reviews.

 5 An experienced REC could recommend 
electronic application and protocol sub-
mission systems and videoconferencing 
platforms for virtual review meetings 
appropriate for LMIC Internet capacity 
and provide training in their use.
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 5 Expert independent consultants could be 
provided to advise on alternative trial 
designs, statistical calculations for sample 
size, biosafety precautions, informed con-
sent, and other research requirements.

Collaborations between ethics committees 
reviewing the same protocol—often one at the 
sponsoring organization and another at the 
research location—to help streamline the 
approval process could be arranged. For 
example, sharing the minutes of deliberations 
to better understand the most salient risk/
benefit considerations and assess their appli-
cability in the local context could be useful. If  
technology, regulations, and timing allow, it 
may be possible for RECs to conduct a simul-
taneous joint review so that the perspectives 
of both bodies are mutually understood, 
potentially allowing for more timely feedback 
to the research team. Ravinetto et al. (2011) 
suggest that dual ethical review by two RECs 
serves a useful purpose by ensuring thorough 
review in light of “universal” standards and 
“a better informed and comprehensive assess-
ment of both the clinical sites and the spon-

soring organization” by a “culturally close 
ethics committee” (. Fig. 1).

An enormous contribution to the ethical 
conduct of research during an epidemic is 
early coordination and agreement for collabo-
ration among researchers working at the same 
site(s). It is common practice in epidemics to 
isolate infected individuals in one or a small 
number of treatment units, which then become 
the site(s) for enrolling participants for many 
research studies (Marzouk et  al. 2021). 
Without clear coordination among research 
groups, RECs must consider how to handle 
duplicative studies, the risks of the same 
patient being involved in more than one study, 
different definitions of severity of disease and 
standard of care, and additional pressures on 
already stressed healthcare and clinical labo-
ratory staff  in the treatment unit. Research 
ethics committees may be forced to recom-
mend prioritization among multiple, compet-
ing research protocols. Yeoh and Shah (2021) 
describe the trade-offs and prioritization of 
COVID-19 studies based on clinical urgency 
among the following types of studies: (1) 
studies that aim to have an immediate impact 

.       Fig. 1 Some of  the iterative requirements for  building research ethics review capacity. Initial steps designated 1, 
further steps 2. (Photo credits: 1. NASA and 2. Tiia Monto)
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on containing the spread of the epidemic or 
optimizing treatments for those affected; (2) 
studies with mid- to long-term goals during 
the epidemic, such as research and develop-
ment, as well as providing equitable access to 
diagnostics, therapeutics, and vaccines; and 
(3) continuation and codification of other 
ongoing research on life threatening or highly 
stigmatized conditions. Collaborative agree-
ments between research groups can be used to 
set common criteria for compassionate use of 
experimental treatments and set up effective 
remote processes for consent, patient moni-
toring, data collection, and clinical manage-
ment. These agreements can also harmonize 
how research findings will be conveyed to par-
ticipants and to all stakeholders involved in 
the epidemic response.

3.2  Access to Ethics Expertise 
and Focused Training

While similar ethical issues arise in each new 
epidemic, specific ethical issues and research 
policies also evolve as medical science and 
standards of care progress and as the unique 
elements of each epidemic unfold. Researchers 
and ethics review committees can now call on 
ethics experts from many countries for consul-
tation and epidemic-focused ethics training, 
as well as up-to-date information resources. 
Epidemic Ethics, for example, is a global com-
munity of bioethicists (led by the World 
Health Organization and supported by the 
Fogarty International Center, Global Forum 
on Bioethics in Research, Global Health 
Network, Global Network of WHO 
Collaborating Centers, and Wellcome Trust) 
building on pre-existing expertise and 
resources to provide real-time, trusted, con-
textual support to communities, policy mak-
ers, researchers, and responders in relation to 
the ethical issues arising out of global health 
emergencies, with a current focus on the 
COVID-19 pandemic (Epidemic Ethics 2023). 
Their Web site includes a resource page with a 

continuously updated worldwide compilation 
of guidance and policies, training courses and 
tools, ethics journal publications, etc. The 
Web site also maintains a registrar for bioethi-
cists from all countries, an ethics advisory 
platform for consultation, and blog discus-
sions on emerging ethical issues and record-
ings of their virtual seminar series. Other 
university-based and independent bioethics 
centers maintain Web sites with international 
epidemic ethics resources and access to inter-
national bioethics experts (Berman Institute 
of Bioethics 2023; Center for Bioethics and 
Health Law 2023; Hastings Center 2021; 
Nuffield Council on Bioethics 2021; Pandemic 
Ethics Resources 2021).

Research review committees also need 
continuously updated information feedback 
on research, clinical, and public health aspects 
of the epidemic disease, including safety con-
siderations, new clinical risk findings, disease- 
related stigma, psychosocial support 
mechanisms, health facility staffing and 
admissions status, etc., to make well-informed 
decisions on research protocols, to monitor 
implementation, and to approve modifica-
tions as the situation unfolds. While a number 
of these issues may be considered in the scien-
tific review of protocols, few models for how 
to effectively include ethics review committees 
in epidemic professional information flow 
have emerged. Streamlining ethical review 
through a concentration of member effort 
and expertise may mean that REC members 
are already receiving professional updates 
through other channels. This approach has 
sometimes been strengthened by forming sub- 
committees of the most expert members of an 
REC  or creation of a specific REC composed 
of expert representatives from all RECs of 
multiple research sites in a country to review 
epidemic research protocols. To cope with 
rapidly changing understanding of the patho-
gen, disease course, and public health charac-
teristics of an epidemic, ethics committees 
should follow emerging guidance and research 
results and monitor studies they have approved 
as research proceeds (7 In Practice 4.2).
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3.3  Strengthening Electronic 
Systems and Communication 
Infrastructure

Research ethics committees may lack suffi-
cient institutional and technical support for 
interactive Web sites, electronic application 
and research protocol tracking, and secure 
virtual conferencing that would increase the 
efficiency of their processes (7 Chap. 34). In 
LMICs, research ethics committees may lack 
paid staff, a dedicated securable facility, com-
puters, and dependable access to the Internet. 
These needs will likely be amplified during 
epidemic lockdowns, further constraining 
attempts to streamline and adapt review pro-
cesses. While international research grant 
funding often cannot directly support these 
needs, indirect costs paid through grants to 
institutions are meant to support related 
infrastructure, such as that needed for ethical 
review committees. Researchers should note 
whether a country’s regulations require RECs 
to meet in person with a large quorum, use 
paper copies with official signatures, or limit 
consultation with outside experts, researchers, 
etc. This is the sort of requirement that may 
need to be reviewed for modification or waiv-
ers during an emergency.

4  Developing Future Research 
Review Infrastructure 
and Capacity: Ethics 
Preparedness

Among many reflections on the Ebola virus 
outbreak in West Africa, ethics preparedness 
was identified as foundational to timely and 
effective research response (Bioethics 
Commission 2015). Research ethics commit-
tees are thought to play an essential role in 
building trust and protecting societal values in 
epidemic research (Mathur 2020). In 2018, 
WHO convened an international workshop 
that identified areas where enhanced practices 
and procedures for ethical preparedness could 
facilitate rapid, sound ethical review. Needed 
steps include preparation of ethics committee 

SOPs for emergency response review; proce-
dures for communication with oversight and 
public health authorities; pre-reviewed, pre- 
approved template or example protocols and 
consent forms; mechanisms for multi-country 
or regional emergency ethical consultation to 
support rapid review; requirements for bene-
fits; and data and sample sharing plans 
(Saxena et  al. 2019). Having such prepara-
tions in place would enhance the capacity of 
LMICs to mobilize more quickly and coordi-
nate more effectively in the event of a future 
outbreak, regardless of the specific disease 
(Bain et al. 2018; Silaigwana and Wassenaar 
2015). For example, in the aftermath of 
research conducted during the Ebola virus 
outbreak, Liberia hosted conferences on bio-
ethics in 2017 and 2018 that resulted in orga-
nizational changes and revised guidelines for 
medical research that proved useful during the 
COVID-19 pandemic (National Research 
Ethics Board of Liberia 2019).

Developing infrastructure and clinical 
research capacity, including capacity for ethi-
cal and regulatory review, requires a 
 substantial investment of time and capital, 
especially human capital, based on thoughtful 
consideration of the short- and long-term 
needs of the particular research environment. 
In addition to the physical infrastructure and 
logistical support needs described above, the 
human resource capacity of the research eth-
ics system should be a long-term commitment 
of an LMIC and its development partners as 
an integral part of building research capacity. 
Unfortunately, as the World Bank-supported 
International Vaccines Task Force (2018) 
report concludes, “Committing domestic 
resources for epidemic preparedness, and the 
clinical research needed to support it, can be a 
huge challenge for resource-constrained econ-
omies that struggle to meet more proximate 
and immediate demands.” Some international 
research funders have recognized the specific 
needs for developing research ethics systems 
and provide support for bioethics education, 
ethics review capacity, and research on high- 
priority ethical issues in LMICs (EDCTP 
2021; Fogarty International Center 2021; 
Wellcome Trust 2021). It is not enough, how-
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ever, to provide training and capacity develop-
ment without institutional support for 
ethicists and their activities. They must have 
long-term positions, salaries, office space, and 
all essential attributes of a valued entity in 
research and regulatory institutions if  research 
capacity in LMICs, including ethical review, is 
to be viable over the longer term and available 
for emergency response (Potter and Brough 
2004). Based on their analysis of African 
REC information, Mokgatla et  al. (2018) 
reported that 91% had access to computers, 
84% had dedicated office space, 81% had tele-
phones, 78% had Internet access, 59% had a 
photocopier, and a quarter of all RECs had 
access to all these critical tools. Also reflecting 
growing institutional support, 59% reported 
an organizational budget for running the 
REC although most did not yet remunerate 
their members. In the end, it is hard to build 
sustainable research ethics review capacity 
without building the other elements of a func-
tional medical research ecosystem and ulti-
mately a fully functional health and healthcare 
system.

? Discussion Questions
 1. What are some essential elements of 

genuine partnership with the country, 
health system, and communities host-
ing an emergency research program?

 2. In the emergency context, how does one 
ensure adequate review of  response 
research proposals by all affected stake-
holders? Note three actions that allow 
researchers and research organizations 
to build research ethics review capacity.

 3. What are some options for strengthen-
ing electronic systems, clinical research 
capacity, and communication infra-
structure of  low- and middle-income 
countries?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 In what circumstances can “traditional” 
information and communications technol-
ogy be superseded by more cost-effective 
and sustainable options?

 5 Factors to consider when replacing one 
communications platform with another

 5 How ICT can help effectively utilize the 
diverse skills of the entire research team

 5 Five key response stages involved in apply-
ing ICT in emergency research response

 5 Aspects of ICT that most require coordina-
tion with the local and site teams

1  Overview

1.1  Communications Styles 
and Tools

Information and communications technol-
ogy (ICT) networks are, or at least should 
be, tightly coupled with how collaborations 
are organized and managed. Patterns of 

contact among team members define the 
communications network supporting the 
needed flow of  information and decision-
making processes. Communication networks 
can be characterized based on these patterns 
into general categories that will facilitate the 
selection and implementation of  ICT tools 
(. Fig.  1). These tools can range widely, 
from email for document sharing to the 
implementation of  project- based web sites 
and collaboration portals. As the roles and 
structure of  the response evolve, it is impor-
tant to continually reassess the information 
and communication pathways; some redun-
dancy is a good thing as a backstop, but 
unplanned changes can also result in the 
coexistence of  multiple patterns of  commu-
nication and consequent confusion and 
missed messages.

The deployment of ICT tools as part of 
the overall research support effort requires, in 
addition to understanding the necessary pat-
terns of team communication, establishing 
technical capacity and training for competen-
cies, especially in areas of the world that may 
not have them available locally. Additionally, 
ICT strategies, methods, and implementation 
need to correspond with the drivers, goals, 

       . Fig. 1 Understanding patterns of  communication is foundational to setting up the right kind of  ICT network. 
(Authors)
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and constraints in play at each stage of the 
response lifecycle. Responsibilities of the ICT 
team at the successive stages of response are 
categorized below. These response stages are 
used throughout the chapter and include.
 1. Initiation. Collect and organize key mea-

sures and indicators to support the plan-
ning and decision-making process for the 
site selection and corresponding deploy-
ment of ICT resources.

 2. Planning. Determine operational partners, 
draft and finalize partnership agreements. 
Quantify and provide preliminary data on 
resource needs. Establish strategy for coor-
dination and execution of ICT to support 
outbreak response.

 3. Implementation. Leverage resources and 
integrate both operational and organiza-
tional assistance from external partners 
into the outbreak area. As in emergencies 
in general, efficiency and cost may have to 
be sacrificed for expedience and reliability. 
Once research capabilities are established, 
many of the choices for deployment and 
support should be reevaluated.

 4. Monitoring and control. Following the 
establishment of ICT and information 
technology (IT) staff, re-evaluate decisions 
and structures to support long-term capa-
bilities and governance. As research orga-
nization management becomes fully 
operational and ICT working groups 
establish oversight, shift ICT efforts to 
transferring skills and technical capacity 
to the local team, building on its skills and 
resources while enhancing internal con-
trols. As part of the refactoring, empha-
size automation and cost containment to 
support the research, including potential 
future research, in the local environment. 
Local capacity building may also comprise 
local supply chains, technological support 
teams, long-term maintenance and sup-
port for infrastructure, communications, 
equipment, and other systems and equip-
ment. Explore cooperative arrangements 
with other outbreak responders to encour-
age local capacity development. If  estab-
lishing a local research capability is not a 
priority or not possible, monitoring and 
control can remain centralized with the 

response organization and provided 
remotely.

 5. Closing. Transfer resources and opera-
tional control to the local ICT team or 
partner research organization network. 
Although exceptions may arise, most 
research studies will have a significant 
operational transition from an immediate 
response to establishing local research 
capabilities and ultimately transfer of pro-
grams to local partners.

1.2  Establishing Emergency 
Capabilities

Even when the goal is to help establish inde-
pendent, sustainable research capacity in the 
area of the outbreak, low-resource areas will 
seldom have the initial technical capability or 
infrastructure to support a research response. 
From a pandemic preparedness perspective, 
this is another reason for development part-
ners in general to support communications 
and technological capacity building in under-
served areas (Wilson and Jumbert 2018). 
Given limited infrastructure, larger, better 
established and better resourced external 
partners will implement the early stages of a 
research response, relying on their own techni-
cal infrastructure and capabilities. The goal of 
establishing local research capacity may limit 
the tools and platform to be established to 
those sustainable in the local environment 
with local resources and ultimately may 
require some refactoring once the initial 
response stabilizes.

The sections below take a pragmatic 
approach in describing setup, execution, and 
continued support for the ICT capabilities. 
Pragmatism and flexibility are watchwords in 
any emergency response and, all the more so, 
in areas with limited infrastructure and other 
resources.

The fundamental role of ICT in infectious 
disease research response can be seen clearly 
in the coronavirus disease 2019 (COVID-19) 
pandemic. The next time a pathogen with 
pandemic potential emerges in a less- 
developed country, as is likely (Morens and 
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Fauci 2020), there will be little or no debate 
about the need for an immediate research 
response, and the ICT team will need to mobi-
lize early. The team setting up the means of 
communications and collaboration across the 
research response requires a breadth of skills 
and resources, and especially so when capaci-
ties in the area of the outbreak are lacking. 
The team must be ready to plan, develop, and 
deploy core networking, data center, and clin-
ical management systems and potentially cope 
with transport delays, uncertain electrical 
power, physical and cyber-security threats, 
lack of local skilled personnel, and corrup-
tion. Keeping in mind the phases of the 
response and the ultimate transition to the 
host organization, we will describe five key 
aspects of this effort.
 1. Establish an ICT framework and define 

policies and practices.
 2. Create a physical technical infrastructure.
 3. Select and procure the equipment to access 

infrastructure.
 4. Provide access and interoperability with 

communication tools and platforms for 
the entire research team and for external 
communications.

 5. Establish local systems to support infor-
mation collection, processing, and storage.

These elements must work together symbioti-
cally, meaning that system components in one 
area will be required to advance capabilities in 
another. This in turn requires that key manag-
ers of the ICT ecosystem have oversight and 
the skills to identify, deploy, configure, and 
stabilize the needed systems. As such, a shared 
vision and set of objectives for the depth and 
breadth of ICT implementation requires not 
only monitoring the status of each compo-
nent but continued assessment and mitigation 
of the following assumptions, constraints, and 
risks.

 5 Assumptions
 – Critical infrastructure components 

either exist in the operational area, or 
there is funding to develop, procure, 
and deploy them.

 – Key stakeholders, partners, and collab-
orators have been identified and are 
authorized to provide funding and sup-
port for initiatives.

 – All local, domestic, and international 
laws governing export and import con-
trol have been considered or are on 
track for completion; arrangements 
have been made for compliance or waiv-
ers (7 Chaps. 32 and 37).

 5 Constraints
 – Limited local resources, including criti-

cal infrastructure, equipment, and per-
sonnel

 – Supply chain and logistical limitations, 
including
 – (Possible) transport service cuts due 
to the outbreak

 – Import/export and customs regula-
tions and procedures

 – Transporting goods and materials to 
remote locations

 – In a global pandemic, shortages of 
key goods and reduced transport 
options

 – Change in scope or funding of project
 – Discontinuity of personnel or loss of 

critical knowledge experts
 5 Risks

 – Background risks
 – Operation within a country classified 
as a high-security risk to personnel, 
information systems, or both

 – Export/import control and regula-
tory risks, such as those related to 
foreign vendor agreements

 – Lack of skilled or properly qualified 
IT personnel

 – Security incidents
 – Cyber-security intrusion resulting in 
system or data compromise or loss

 – Catastrophic equipment failure
 – Loss of funding for Internet service 
provider or electricity costs

 – Loss of critical physical infrastruc-
ture, such as electricity and Internet 
connectivity

 – Theft, loss, or damage of equipment, 
systems, or platforms
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2  Technology Assessment, 
Procurement, and Operations

2.1  Technology Requirements 
Assessment

Defining an operational strategy and techni-
cal landscape as early as possible will allow for 
the selection of the appropriate tools, equip-
ment, and IT resources (7 Chap. 35). When 
possible, templates and standard operating 
procedures (SOPs) should be predefined as 
part of research response planning and capac-
ity building in low-income countries. This will 
facilitate rapid, organized information collec-
tion, analysis, and dissemination, both for dis-
ease surveillance and to support planning and 
decision-making. We are likely to see consid-
erable impetus to improve biosurveillance and 
research capacity around the world once the 
COVID-19 pandemic is under better control; 
taking clinical research ICT needs into 
account during such capacity building efforts 
will contribute to a sustainable research enter-
prise in countries and a better global response 
to future infectious disease outbreaks. The 
initial technology assessment is the corner-
stone for strategic planning, and a sound 
assessment of ICT requirements will support 
local adaptations and reduce costs later when 
it is operationally feasible and appropriate.

2.2  Technology Assessment 
Outline

The technology assessment process should be 
guided by data collection forms, based on pre-
pared templates, that focus on key areas out-
lined below.

 5 For area of operations (AO), evaluate
 – Operational environment, including

 – Language requirements
 – Security posture
 – Transport options

 – Existing technical infrastructure
 – Electrical power availability and stabil-

ity
 – Area telecommunications company 

(phone services and Internet)

 – Technology companies available in AO
 – Technology staff  skills in AO
 – Assess area equipment availability and 

quality standards
 5 Partners and collaborators

 – Determine the roles of partners and 
collaborators

 – Identify and establish communication 
systems interfaces

 5 For site selection, determine
 – Number of sites
 – Location of sites (domestic, interna-

tional, cyberspace)
 – Technical infrastructure at sites
 – Technical expertise at sites
 – Electrical power availability and stabil-

ity at sites
 – Security at sites
 – Facilities at sites
 – Equipment at sites
 – Local Internet/mobile telephony pro-

viders at sites
 5 Supply chain

 – International technology constraints
 – Identify technology vendors in AO
 – Shipping and import requirements 

applicable to the AO
 – Evaluate local supply chain and how to 

obtain equipment
 5 Telecommunications

 – Identify locality capabilities for tele-
communications backbones (landlines, 
cellular, satellite, cable, fiber optics)

 – Identify key contacts and project col-
laborators

 – Evaluate roaming agreements and cost 
implications for initial travelers

 – Evaluate teleconferencing and video-
conferencing capabilities at sites

The data captured in the assessment (. Fig. 2) 
will provide the basis for actions and decisions 
on how to deploy ICT to support the research 
response and the phased implementation of 
technology and technical resources in the five 
core areas. The output of these decisions or 
actions provides the basis to support the ini-
tial conduct of the study. As additional infor-
mation becomes available and the study 
progresses, operational plans will change 
accordingly.
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       . Fig. 2 Sample page from technology needs assessment. (Authors/USG public domain)
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3  ICT Operational Framework

The ICT team will define how to manage the 
policies, practices, and resources needed to 
provide communications solutions in the envi-
ronment of each research project, based on 
the changing objectives outlined above. 
Practical implementation will initially be 
driven by the lead partner organization, with 
the goal of making the local research organi-
zation an equal partner as expeditiously as 
possible and transferring leadership and oper-
ational control over time. In this process, many 
of the policies, practical constraints, and 
modes of operation established at the outset 
will carry over through the transition. The 
early stage of the response will be driven by 
the urgent need to begin the research; there-
fore, efficiency, cost-effectiveness, and process 
automation will not be the top priorities. Over 
time, and with increasing operational profi-
ciency, ICT team operations and deployment 
of ICT equipment and networks will become 
better suited to the research organization as it 
evolves to support the outbreak response. 
Ultimately, operational control may shift from 

the study team to an ICT working group 
under the purview of a steering committee 
and supported by local vendors and technolo-
gists. The response (. Fig.  3) will occur in 
phases that can be summarized along with the 
key actions the ICT team must undertake.
 1. Initiation. Collect and evaluate key scop-

ing data on the extent and complexity of 
the ICT operational framework for the 
planned response. While research project 
management specifies its data and commu-
nications needs, the ICT team will define 
technical requirements and implement 
installation and support structures for 
communications within and outside the 
study team. Scoping data will include 
detailed information on the area where 
studies will be conducted and capabilities 
at each particular site, most  critically the 
availability and stability of Internet and 
telecoms access and electricity. The ICT 
capacity of locally based partners is also a 
vital term of the equation.

 2. Planning. Based on this information, the 
ICT team will establish regular dialogue 
and information exchange among part-

       . Fig. 3 Actions for creation of  an ICT operation capable of  reacting to and maturing along with evolving 
response needs. (Authors)
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ners, collaborators, and stakeholders; it 
will review project plans, establish dead-
lines, and identify resource needs. The ICT 
team will most likely be staffed by and will 
draw policies and practices from the more 
experienced partner organization. 
Through the course of study implementa-
tion, operations will be adapted and aug-
mented to support the concrete needs of 
the outbreak response in the local environ-
ment. The output of the planning stage 
should provide a general inventory of 
scope and tasks, which ICT staff  will man-
age and coordinate.

 3. Implementation. With initial plans based 
on the technical assessment, operational 
activities by the ICT staff  will at first be 
more reactive than strategic—recall the 
military adage that no plan survives con-
tact with the enemy. As unforeseen prob-
lems and emergencies are overcome, and 
the team establishes the ICT systems and 
personnel needed to support a functional 
organization, a more prospective, stable, 
and strategic approach can be nurtured, 
along with the formal organizational doc-
umentation describing it.

 4. Monitoring and control. Once the opera-
tional framework, the functional organiza-
tion, and the organogram are in synch, a 
stable ICT presence capable of supporting 
the communications and information 
needs of the clinical study should require 
fewer resources, even though ad hoc solu-
tions and single-issue decisions may con-
tinue to be needed. With ongoing 
experience, the team should develop stan-
dard operating procedures to make such 
decisions routine.

 5. Closing. Transition of ICT operations to 
the local research partner organization 
will require another round of meetings 
with partners, customers, and stakeholders 
to determine a suitable mechanism for 
hand-off of ICT hardware, software, sys-
tems, and infrastructure. The build-up of a 
local ICT working group as part of the 

host research organization—which then 
serves as an ICT counterpart for the tran-
sition process—is essential for identifying 
linkages among action items to ensure 
funding, seamless transition, and avoiding 
any hard cutoffs. The teams will then work 
out and implement migration plans for 
licensing account management, knowl-
edge transfer, etc.

4  Equipment Selection 
and Procurement

Based on the project scope, including the 
number of sites, staffing numbers, laborato-
ries, and clinical equipment requiring com-
puter interfaces, the team will need to procure 
computers (laptops, desktops, tablets), mobile 
devices (phones, tablets, hot spots), printers, 
ID card printers, storage devices (USB flash 
drives, external hard drives, network attached 
storage), cameras, bar code readers, commu-
nications infrastructure (routers, switches, 
access points, network cabling), temperature 
monitoring devices, uninterruptible power 
supply (UPS) devices, voltage regulators 
(power adapters), and projectors (. Fig.  4). 
Although the ICT team will likely not be 
responsible for procuring them, generators 
and fuel may well be necessary to power sys-
tems, at least as a backup (7 Chap. 9). 
Information requirements and data linkages 
to other research elements are also important, 
including integration of clinical, laboratory, 
and pharmaceutical equipment, processes, 
and personnel (7 Chap. 35).
 1. Initiation. The technology assessment and 

scope will be a preliminary determination 
of the quantity and specifications of 
equipment required, based on end users 
identified in the clinical protocol and sup-
port documents. This leads into a struc-
tured process for procurement, transport, 
accountability, and configuration. The 
availability of clean power, local support, 
and access to a local supply chain for pur-
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       . Fig. 4 Selection and maintenance actions to support ICT response needs. (Authors)

chase and distribution must also be 
detailed to  support the planning process.

 2. Planning. Leverage or establish a suitable 
supply chain (possibly already in place in 
association with the partnering organiza-
tion) to ensure timely delivery of items 
needed to start the study. An approval and 
procurement methodology based on the 
study protocol should be established. 
Local procurement is advantageous if  (a) 
standardization of equipment is possible 
and (b) information security configuration 
and safeguards can be put into place in 
accordance with industry standards. 
International procurement is likely to 
increase lead time considerably.

 3. Implementation. Manage configuration and 
installation of equipment, including elec-
tronic naming and labeling of equipment for 
identification on networks, where applicable. 
Prepare and use a standard configuration 
checklist (. Fig.  5) to ensure appropriate 
configuration of devices. Ensure property 
accountability asset tags are applied and 
coordinate shipment, delivery, and deploy-
ment with local ICT or operations staff.

 4. Monitoring and control. Establish a com-
munication channel for user technical sup-
port and incident management, including 
escalation abilities. Establish periodic 
audits of equipment to ensure proper 

property accountability. Monitor equip-
ment lifecycle dates, develop support bud-
gets, and facilitate lifecycle replacement.

 5. Closing. Determine the time remaining in 
the lifecycle of the equipment and evaluate 
whether it can be repurposed. Determine 
whether to return to lead organization, 
transfer to partners, donate, or dispose of. 
Ensure any data storage devices are appro-
priately sanitized before transfer. In con-
junction with property and operations 
management staff, facilitate all final prop-
erty assignment records.

5  Flexible Communications

The primary objective of  ICT is to facilitate 
communication among the team, with part-
ners, and with the outside world (. Fig. 6). 
Access to and maintenance of  communica-
tions platforms are essential in providing this 
capability (7 Chap. 32.1). Many commercial 
solutions for communication and collabora-
tion may require bandwidth and platform sta-
bility unattainable in remote or underserved 
regions. While solutions like satellite-based 
communications or premium cellular access 
are available for a price, costs may limit the 
level of  service that can be provided. However, 
as infrastructure develops—something that 
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       . Fig. 5 Standard configuration checklist. (Authors)

can happen rapidly in a major international 
response—continual reassessment may allow 
for additional options and major improve-
ments in existing ones like cellular service. A 
rundown on the pluses and minuses of  many 
equipment and configuration options is avail-
able in the UNICEF Emergency telecommu-
nications handbook (2017).
 1. Initiation. Determine the availability of 

platforms for communication, including 
land-based phone lines, cellular service, 
fiber optic, or cable service providers for 
voice-over-Internet-protocol (VOIP) offer-
ings. Satellite telephony is available virtu-
ally everywhere, but while not nearly as 
costly as it once was, is not a practical 
solution for voluminous data transfer. 
Evaluate web and videoconferencing solu-
tions available at sites and assess interoper-
ability with clinical sites and research 
partner platforms. Consider cost impact 
for phone, texting, and data plans, espe-
cially for international projects. Identify 
all partners and partner locations.

 2. Planning. Meet with project stakeholders 
to define deliverables and determine bud-
get. Contact communication service pro-
viders to determine offerings. Develop a 
statement or scope of work and solicit 

requests for proposals. Assemble project 
team to review proposals, including Service 
Level Agreements (SLAs), which define 
the level of service a customer expects 
from a supplier, specify how the service is 
monitored, and set any remedies or penal-
ties for non-fulfillment. Provide recom-
mendations to the project management 
team for approval.

 3. Implementation. Facilitate application 
(app) configuration and installation on 
mobile devices. Evaluate roaming rates 
and agreements with local providers and 
provide local phones and usage guidance 
to traveling team members. Coordinate 
provisioning of roaming plans with service 
providers to control communications costs 
during travel. Train local IT staff  on setup 
and support of web- and videoconferenc-
ing platforms.

 4. Monitoring and control. Monitor account 
usage and add/remove accounts as needed. 
Mobile apps change frequently, so con-
sider new variations as they are released 
(e.g., Skype was originally used in early 
rapid response, followed by Vonage, and 
then WhatsApp to reduce costs and 
improve performance). Tomorrow’s best 
option may be different, and network 
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       . Fig. 6 Actions to establish tools and strategies for communications for the research organization. (Authors)

effects are important (i.e., which platform 
is predominant in the area of operations). 
Evaluate Internet service providers (ISPs) 
and wireless carrier costs against SLA per-
formance and potential competitors. 
Request reductions or change providers 
when appropriate.

 5. Closing. Determine equipment status and 
deposition in consultation with local part-
ners and collaborators. Coordinate termi-
nation or transfer of licenses, agreements, 
accounts, and domain names. Ensure 
study-related materials contained within 
any hosting platform are properly 
accounted for, transferred, or sanitized.

6  Infrastructure

Infrastructure at a country level, among the 
research partners, and at each site is a critical 
functional element, based on which ICT and 
information systems must be planned and 
implemented (. Fig.  7). Aspects of infra-
structure include the presence and reliability 
of electrical power (7 Chaps. 32, 37, and 39), 
prevailing telecommunications, fiber and 
other networks, and commercial service avail-
ability for communication and infrastructure 

support. Networking and communication 
infrastructure are essential to study imple-
mentation, and both simplicity and redun-
dancy are of value. Manual curation and a 
very high support-to-end-user ratio should be 
planned for and expected, especially at the 
outset.
 1. Initiation. Based on the technical assess-

ment and site surveys, establish the techni-
cal infrastructure needs for the project 
data center, local area networking, and 
ICT facility needs. Evaluate technologies 
in place and determine whether partner 
relationships can be leveraged to supple-
ment existing commercially available 
infrastructure or if  new infrastructure is 
needed.

 2. Planning. Design the physical and/or logi-
cal layout of the site and project networks. 
Review existing data centers (generally at 
partner site or cloud-based) to ensure 
appropriate physical, environmental, and 
logical safeguards are in place. Provide 
recommendations and direction for sensi-
tive data leaving country of origin 
(7 Chap. 7) and security practices 
(7 Chap. 41). Identify vendors and pro-
viders of Internet bandwidth (which can 
often be a rate-limiting factor) and the best 
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       . Fig. 7 Actions to establish core technical infrastructure. (Authors)

feasible networking and telecommunica-
tions capacity to sites and study team 
activities.

 3. Implementation. Provide direction and 
oversight of final construction stages, 
including power connections and cabling 
if  applicable. Install and configure equip-
ment together with local staff  to ensure 
adherence to quality standards. Perform 
verification and acceptance testing of 
equipment. Identify a site liaison for oper-
ations input into network traffic-shaping 
policies and data segregation. Utilize local 
ICT or operations staff  to convey local 
Wi-Fi connection information.

 4. Monitoring and control. Train local ICT 
staff  on remote monitoring of network 
infrastructure, including incident alerts 
and remediation. Ensure critical compo-
nents remain secured, with access limited 
to authorized personnel (using a combina-
tion of physical locks and logical logins, as 
required). Consider offsite storage and 
chain of custody of physical keys to pre-
vent unauthorized access.

 5. Closing. Evaluate equipment and deter-
mine disposition. Coordinate the termina-
tion or transfer of licenses, agreements, 
and accounts. Ensure study-related mate-
rials contained within any hosting plat-
form are properly accounted for, 
transferred, or sanitized. Facilitate the 

transfer of physical keys and account cre-
dentials, where appropriate.

7  Information Systems

Information systems vary from paper files to a 
single, stand-alone computer with software 
applications to networks with multiple soft-
ware applications, databases, and supporting 
hardware platforms. During early response 
phases (. Fig.  8), consider the longer-term 
implications of utilizing off-the-shelf, conven-
tional temporary products, such as spread-
sheets, to perform functions that will 
ultimately be better fulfilled by a database. 
Consider and evaluate pathways to bridge or 
pull data into a more robust, permanent solu-
tion. Discuss with the study team and investi-
gators what languages might need to be 
included in the study protocol and other doc-
uments for use by partner organizations and 
locally hired study staff  (7 Chap. 42). 
Evaluate any potential interfaces or data 
interchanges that might be needed for core 
clinical data management or supporting sys-
tems.
 1. Initiation. Identify critical stakeholders 

and conduct needs analysis. Determine 
functional requirements and cross walk 
against existing systems used by the part-
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       . Fig. 8 Actions to select and deploy information systems. (Authors)

ner organization. Develop conceptual and 
preliminary design models. Consider the 
process and workflows and incorporate 
into the model.

 2. Planning. Review concepts and business 
cases provided by stakeholders. Evaluate 
the availability of solutions that can meet 
needs, be quickly deployable, and be opti-
mally usable by study staff. Consider open-
source solutions and short and longer- term 
implications of creating custom applica-
tions compared with a configurable, com-
mercially available product. Hardware 
platforms used in support of systems in 
rural or remote locations should be dura-
ble and able to function for extended peri-
ods with unreliable power supplies.

 3. Implementation. Coordinate testing and 
trial runs with stakeholders. Evaluate 
application use cases in development envi-
ronments during acceptance testing. 
Identify required changes and categorize 
into a prioritization matrix for immediate 
or phased implementation, depending on 
importance. Finalize training and guid-
ance materials and provide in different for-
mats for various learner styles (written, 

visual, kinesthetic). Establish procedures 
for providing help desk inquiries and sup-
port.

 4. Monitoring and control. Establish a com-
munication channel for user technical 
support and incident management, includ-
ing escalation ability on a tiered service 
model ranging from basic help to 
advanced, expert-level support, with the 
latter provided by research program head-
quarters or more likely an overseas loca-
tion—another reason for strong 
communications. When installing new 
software releases, functions, and system 
changes, the project ICT team must com-
municate changes to all key stakeholders 
and conduct iterative training and review 
to ensure users accept and can use the new 
functionality, and that it operates as 
expected.

 5. Closing. Coordinate the termination or 
transfer of licenses, agreements, and 
accounts. Ensure study-related materials 
contained within any hosting platform are 
properly accounted for, transferred, or 
sanitized, as appropriate. Develop and 
review data migration pathways.
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8  Conclusion

Meeting the technology and communication 
needs of a clinical research project from con-
ception to closing is challenging even when 
infrastructure and supply systems are well 
developed and functioning as needed. In an 
emergency infectious disease response, 
urgency, the unpredictability of a new patho-
gen or an uncoordinated research response can 
lead to errors, some avoidable and others less 
so. We have seen many such missteps in the 
COVID-19 research response, some of them 
with enduring consequences, like the promo-
tion of hydroxychloroquine or ivermectin as 
medical countermeasures for severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection and COVID-19 disease.

Add the constraints of operating in a low- 
resource environment, as with the emergence 
of Ebola in West Africa in 2014 and the east-
ern Democratic Republic of the Congo in 
2018, and the task requires even greater dedi-
cation, experience, and flexibility. The basic 
takeaway from the experiences described 
above is to start simple, with the most essen-
tial requirements, and build out as technology, 
technical staff, and infrastructure allow. The 
challenges of establishing a coherent, cohesive 
approach to a robust network for communica-
tions, data-storage and analysis, and program 
management depend to a great extent on how 
and when they can be introduced, to say noth-
ing of scientific and technological progress, 
including, for example, gene-sequencing 
methods. The approaches described above are 
meant as general guidelines which will require 
tailoring for each EID response, as well as 

continuing technological development. One 
hopes we will be better prepared for the next 
emerging infectious disease outbreak than we 
have been in the recent past.

? Discussion Questions
 1. Describe a scenario in which initial ICT 

tool(s) could be substituted by those 
that might be more cost-effective and/
or sustainable in the local environment.

 2. Describe the ways to effectively utilize the 
available skillsets of the entire research 
program team to meet project goals.

 3. Of  the five key response stages (initia-
tion, planning, implementation, moni-
toring and control, and closing) 
discussed throughout the chapter, which 
one requires the most coordination with 
the local team? Why?

 4. Provide an example of a situation in 
which the original communication plat-
form was replaced by another. What 
factors should be considered before 
making such a change?
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 Understand the essential role of proper 
data management in ensuring the validity 
and quality of clinical research and its 
impact on analysis, results, reporting, and 
study conclusions.

 5 Learn key concepts and central elements of 
sound data management to be employed 
during emergency clinical research.

 5 Describe the following:
 – Data management and the role of a data 

management plan in a clinical research 
study

 – The roles and responsibilities of dedi-
cated data managers

 – The advantages and disadvantages of 
electronic data capture

 – The principles of ALCOA+
 – Access to clinical trial data
 – Regulations and guidelines for the Eb-

ola-TX study
 – Specific data challenges in EID out-

breaks
 – Experience-based guidelines for good 

project management practices
 – Factors preventing rapid, open dissemi-

nation of research data
 – The meaning and importance of data 

lock
 – Methods of clinical trial data dissemina-

tion and the benefits of data sharing
 – Obstacles to efficient data archiving and 

retrieval
 – Measures that contribute to greater data 

reliability

1  Introduction

Proper data management in emergency clinical 
research is essential for ensuring the validity 
and quality of research. It is a key aspect of 
good clinical practice (GCP) guidelines (ICH 
2016; WHO 2005). Adherence to these guide-
lines is mandated by ethics review committees 
and international regulatory authorities. 
Requirements include planning and use of val-
idated data management tools and processes to 
ensure research data is collected according to 

standardized, verifiable procedures and based 
on reliable, accurate data resources which will 
allow analysis, reporting, and dissemination of 
study results of the highest quality (Manghani 
2011). Note that while the following discussion 
focuses on clinical research, as the most data-
intensive research requiring the most statistical 
analysis, the principles and practical require-
ments apply to other types of emergency 
research as well.

Data management is not merely the devel-
opment of a study database for the collection 
of “data,” defined as quantitative or qualita-
tive variables, signs, and observations col-
lected from various sources. Instead, it should 
be seen as a process stretching from the prepa-
ration and initiation of a project or study, 
over the conduct of the study, through to the 
analysis and reporting of study results and 
sharing the underlying data. Several essential 
concepts in data management related to data 
quality and data integrity deserve to be looked 
at carefully, including necessary precautions 
to protect the rights, privacy, and safety of 
often vulnerable research participants and 
communities—especially so when considering 
research in emergency settings and vulnerable 
populations (7 Chap. 5).

Treating data management as a fundamen-
tal part of emergency clinical research helps 
ensure sufficient resources can be allocated not 
only to ensure adherence to GCP guidelines, 
governmental regulations, and data manage-
ment standards but also to support timely 
reporting of high-quality research results, the 
main objective of any research project. 
Unfortunately, data management is often 
sorely neglected, poorly supported, and subop-
timally conducted (Haug et  al. 2011; Pandav 
et al. 2002). Especially in noncommercial, aca-
demic programs with limited funding and 
human resource capacity, data management 
requirements are not self-fulfilling. Moreover, 
conducting research (including state of the art 
clinical trials) in emergency and/or resource-
poor settings can pose additional, serious chal-
lenges: scant financial and human resources 
and technical obstacles such as poor Internet 
connectivity, electrical power outages and volt-
age fluctuations, limited information technol-
ogy (IT) infrastructure, etc. may hinder 
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operations. In these circumstances, as exempli-
fied by the Ebola virus  outbreak in West Africa 
in 2014–2016 and the 2018–2020 Ebola out-
break in the Democratic Republic of Congo 
(DRC), data management must adapt to spe-
cific, unique circumstances in which regulatory 
requirements need to be balanced against real-
life feasibility in emergency settings (Hossmann 
et al. 2019; Mulangu et al. 2019).

In these settings, a rather pragmatic 
approach should be considered. No one-size- 
fits-all recommendations can be given for (1) 
the setup and organization of the data man-
agement team; (2) the preparation and execu-
tion of a data management plan; (3) specific 
data management requirements tailored to 
research, technical, and user needs; or (4) the 
selection and implementation of data capture 
tools. All of these topics are discussed below. 
A generic outline of data capture and data 
review processes during the conduct of such 
research is also presented. Finally, we briefly 
discuss database lock and data extraction as a 
preparatory step for data archiving and data 
sharing. In general, this chapter aims to intro-

duce key concepts in good data management 
practices, using examples from emergency 
research studies, rather than attempting to 
provide an exhaustive technical overview. 
Although as authors we regularly refer to our 
specific experience with Ebola clinical trials, 
the principles described in this chapter can be 
applied to any clinical or other type of emer-
gency research.

2  Roles and Responsibilities 
in Data Management

Over the past three decades, clinical research 
and in particular clinical data management 
(CDM) have become an established discipline 
with specific roles and responsibilities for indi-
viduals and groups working with data, as 
illustrated in . Fig.  1 (Krishnankutty et  al. 
2012; Lu and Su 2010; Prokscha 2012). 
However, academic, noncommercial clinical 
research programs, especially in infectious dis-
ease emergency response research, often lack 
the resources to hire one or more dedicated 

.       Fig. 1 A non-exhaustive overview of  roles and responsibilities in data management. (Authors)
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professionals responsible for data manage-
ment. As such, it is crucial to outline to all 
study members their specific roles and respon-
sibilities in data management. Note that these 
roles and responsibilities may differ depend-
ing on the study and the data management 
team involved.

Collaborating in a multinational or multi-
site study poses additional challenges and 
requires a clear differentiation of activities 
conducted at a coordinating center versus 
those at the local sites. It is good study practice 
to assign a dedicated data manager for the 
study and, if  possible, to identify a supervising, 
central data manager at the coordinating cen-
ter and one or more site data managers at each 
clinical site. In addition, data entry clerk(s) and 
data reviewer(s) as well as a medical coder 
should be identified as part of the site team 
and central team, respectively. Assuring data 
management is performed by qualified and 
well-trained staff is equally important.

. Figure  2 shows the data management 
setup and the assigned data management roles 
for the Ebola-TX study “Emergency 
Evaluation of Convalescent Plasma for Ebola 
Virus Disease (EVD) in Guinea” (van 
Griensven et  al. 2016; van Griensven and 
Haba 2019). An Ebola treatment center (ETC) 
located in Conakry, Guinea, acted as a site 
where EVD patients were recruited. A site 
data manager, supervising a site team of two 
data entry clerks, handled the daily capture 
and management of clinical and lab data. 

Daily communication was set up between the 
site data manager and the central data man-
ager at the coordinating Institute of Tropical 
Medicine in Antwerp, Belgium (ITM). An 
information technology (IT) manager sent by 
ITM to the site supported both data manag-
ers in implementing the electronic data cap-
ture system in the challenging circumstances 
of the 2014–2016 West Africa Ebola emer-
gency.

Furthermore, the central data manager 
oversaw CDM for the study as a whole, repre-
sented CDM at regular trial management 
meetings where all essential study stakehold-
ers were represented, and supervised the activ-
ities of the two data reviewers/quality control 
officers. The central data manager also func-
tioned as a first-line IT helpdesk (e.g., assign-
ing passwords to users), while collaboration 
with the IT department ensured further sup-
port for more complex IT issues. Moreover, 
the central data manager collaborated, espe-
cially on data quality, with ITM’s quality 
assurance manager, monitor, and statistician 
(. Fig. 2).

In recent years, new roles in data manage-
ment have been introduced. . Figure 3 illus-
trates some of these newer roles with their 
specific responsibilities, highlighting the flexi-
bility required of a data management team to 
adapt to changes in data management pro-
cesses.

As highlighted above, data management in 
(clinical) research clearly requires specific 

.       Fig. 2 Data management setup and data management roles during the Ebola-TX study. (Authors)
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Role Responsibilities
Data Custodian ����Ensures consistent data storage, processing, and 

transmission. 

����Ensures database security. 

����Duties overlap with database administrator (Fig. 1).

Data Steward ����Ensures quality of data and metadata.

����Duties overlap with data manager (Fig. 1). 

����Focus on data sharing in academic environments. 

Data Scientist ����Provides specialized knowledge and analysis of data. 

����Recommends solutions that meet business needs. 

����Duties overlap with study statistician. 

Data Protection 

Officer

����Ensures compliance with data protection standards, e.g., GDPR

(EU General Data Protection Regulation). 

.       Fig. 3 Additional 
roles in (clinical) data 
management. (Authors)

expertise, based on education and on-the-job 
training. In this regard, it is important to 
ensure sustainable capacity-building mecha-
nisms in order to maintain this expertise and 
keep it up to date (Chap. 8).

3  Data Management Plan

The importance of a data management plan 
(DMP) to support research has attracted con-
siderable interest from research stakeholders 
in recent years, as exemplified by a 2018 edito-
rial in Nature highlighting the DMP as a pre-
requisite for good data management (Anon 
2018). Funders such as Horizon 2020, the 
European Commission’s 2014–2020 research 
funding mechanism, require a DMP outlining 
how project data will be managed and shared 
(EC 2020). Similarly, both UK research 
funders and the U.S. National Science 
Foundation stipulate when projects must have 
a DMP (Digital Curation Centre 2021; NSF 
2018). Digital tools that provide a generic 
DMP template users may modify as desired 
are also now available, with DMPonline and 
DMPTool as the best known (DMPonline 
2021; DMPTool 2021; Jones et  al. 2020; 
Sallans and Donnelly 2012).

Although much of this interest seems 
recent, Smale et al. (2020) note that published 
evidence of data management plans in 
research goes back to 1966. Since then, DMPs 
have been around with various names, con-
tents, shapes, and foci. We define a DMP as a 
formal document to plan pre-study, study, 
and post-study data practices and processes. 
We distinguish the following DMP purposes:

 5 Documenting essential preparations for 
and processes of data handling

 5 Ensuring traceability from data collection 
to analysis, reporting, and sharing

 5 Assuring compliance with sponsor and 
regulatory requirements for data manage-
ment

 5 Providing guidance to all study stakehold-
ers involved in data management

 5 Organizing timelines, roles, and responsi-
bilities for data management and related 
study tasks

In addition, we propose an outline of a DMP 
as shown in . Table 1.

In emergency clinical research, a DMP has 
clear added value in improving the quality of 
the study and the results generated. For the 
Ebola-TX study, planning and preparation 
eventually succeeded with a timely database 
lock. This was due to successful communica-
tions between the study partners, in particular 
the coordinating ITM center in Antwerp and 
the ETC in Conakry where the study was con-
ducted, and to prompt responses to resolve 
various bottlenecks. Challenges included the 
data collection form design, which had to be 
adapted several times before and during the 
study. These adaptations had to be docu-
mented to ensure a validated system. Another 
challenge was setting up a local area network 
to support data capture and transfer between 
the high-risk red zone where patients infected 
with EVD were treated and stringent infection 
prevention was needed and the low-risk green 
zone where personal protective equipment was 
not required for healthcare workers. Rapid 
deployment of an experienced ITM IT man-
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.       Table 1 Contents of  a data management plan (authors)

DMP component Clarification/description

Introduction • Reference to study protocol/project identification
• Document title
• Name of author(s) and date

Documentation of approval • Names, signatures, and date of approval by stakeholders

Version history • A DMP should be considered as a living document
• Section keeping track and control of the various DMP versions

Table of contents • List of all sections by page number

Definitions and acronyms • Glossary of words, definitions, and abbreviations

Pre-study (study setup)

General DMP information • Aim and purpose of the DMP

Study protocol summary • Brief  summary of the study. This should include dataflows and/or 
workflows

Communication • Clear procedures on communication and on the contacts or focal points 
for data management (DM)

Documentation • Procedures and requirements for DM documentation

Pre-study project management

Roles/responsibilities • List of personnel, roles, responsibilities, study access rights, training, and 
other qualifications

Timelines • List of essential DM milestones and deliverables

Risk management. • Identification of processes or data critical to ensure reliable results and 
protection of human participants

Regulatory and funder 
requirements and standards

• Compliance with ethical procedures and regulations covering safety and 
privacy of human participants and data safety, security, and confidentiality. 
Compliance with discipline-specific standards

Data types and sources • Description of types of data, formats, volume, origin, and location. 
Should be documented in data dictionaries, annotated data collection 
forms, and data flows

Data collection form design • Design of collection forms with strict adherence to the study protocol 
and good design practices
• Specification of paper or electronic data capture tools or both
• Programming edit checks and branching logic on electronic data capture 
tools

System design • Defining software and hardware (server, internet, devices)
• Keeping track of software and system versions in use; update/upgrade 
policy
• Compliance with regulatory requirements on data integrity and 
confidentiality

System validation • Documentation that both software and hardware are fit for purpose of 
data collection and management
• Ensuring that changes in systems are implemented in a controlled 
manner (change control)

System security • Administrative, technical, and physical safeguards in place

(continued)
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.       Table 1 (continued)

DMP component Clarification/description

Backup and recovery • Implementation of regular backups of servers, devices, and databases
• Plan for recovery in case of disaster or data loss

Training • Documented evidence of training on DM (what, who, when, and by 
whom)

During the study

Data capture • Compliance with data collection and entry guidelines

Data review • Verifying the accuracy, consistency, and completeness of data and 
compliance with study protocol
• Manual checking
• Automatic checking, by programmed edit checks
• Discrepancy handling and resolution of queries

Data tracking • Keeping timely track of study data, source, and status

Data coding • Ensuring reference to coding conventions, by using the WHO Drug 
Dictionary (for standardizing medicines) and MedDRA, the ICH Medical 
Dictionary for Regulatory Activities (for standardizing medical events)

Data storage • Specification of paper retention, electronic data and files storage, or both
• Policy on storage at coordinating center versus local study sites

Data transfer • Transfer of data between stakeholders of a study
• Transfers during and after study
• Ensuring security measures

IT support • Assigning role of IT helpdesk
• Providing IT maintenance and problem-solving

Post-study

Database lock • Ensuring data security and integrity following data capture and review
• Following a checklist and organizing a final data quality control before 
approval for database lock
• Specify circumstances for unlocking a locked database (approved reasons 
only)
• Removal of access rights from users to the database or system as their 
roles end

Data management report • Final updated DMP
• Describe quality issues
• List all deviations from the DMP

Archiving • Long-term storage to ensure security and confidentiality of the data, to 
allow comprehensive reconstruction of the completed work, and to fulfill 
regulatory requirements

Data sharing • Promoting secondary research and reuse of study data
• Meeting regulatory, funder, or publisher requirements
• Sharing data as openly as possible, as closed as necessary (removing 
personally identifiable data)
• Implementing a data-sharing governance mechanism for personal data, 
sensitive data, and medical data
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ager was critical to timely resolution of data 
collection and transfer issues as they arose at 
the study site. Also, having an experienced and 
motivated investigator as a site data manager 
was of incalculable value for the successful 
implementation of study and DM processes.

Emergency response research is urgent by 
definition, and the time required to prepare 
well-designed data collection and entry docu-
ments is a potential bottleneck. It is a clear 
advantage to use generic, readily available tem-
plates for DMPs. Such generic templates, for 
example, those provided by the African 
Coalition for Epidemic Research, Response and 
Training (ALERRT), could be part of a library 
of study documentation templates, combining 
sections likely to be needed in any study with 
sections to be adapted to specific studies 
(ALERRT 2024). Making DMPs machine-
actionable or automatically generated and 
shared insofar as practical is another way to 
reduce administrative burden (Miksa et  al. 
2019).

7 Sections 4–7 of this chapter will discuss 
some essential DMP topics in more detail.

4  Data Management 
Requirements

Emergency response research for infectious 
disease outbreaks should be viewed as a het-
erogeneous research area or cluster of various 
disciplines rather than as one well-defined 
type of expertise or research. It involves stake-
holders with different backgrounds, active in 
different research fields, and working with a 
variety of discipline-specific tools, systems, 
regulations, standards, and guidelines. As 
such, the challenges for DM and IT are 
diverse. Owada et  al. (2016) describe proce-
dures for epidemiological data management 
during an Ebola outbreak in Sierra Leone, 
with a focus on data collection and data han-
dling, mentioning several problems related to 
DM organization, including lack of supervi-
sion and inadequate training of DM staff.

Note that strictly regulated clinical trials 
require specific tools such as an electronic 
audit trail for tracking changes in the data-
base, as well as restricted access to the data-

base. As a result, software tools or IT systems 
for use in one type of study (e.g., epidemio-
logical studies or basic research studies) are 
often inappropriate for use in clinical trials 
without technical modifications. Another 
concern in an emergency, especially one occur-
ring in a low-resource environment, is that 
time constraints could prevent adequate vali-
dation of the IT system and might compro-
mise regulatory standards and quality 
(Hossmann et  al. 2019). In this section, we 
will consider key requirements for DM related 
to the type of research conducted and the 
requirements from a regulatory, technical, 
and project management point of view.

4.1  Types of Research

Different types of research usually have differ-
ent requirements, which also holds true for 
DM. The EVD outbreak in West Africa dur-
ing 2014–2016 was a good indicator of the 
diversity of emergency research. Several sys-
tematic reviews reported a variety of emer-
gency response research at the cellular or 
genetic level, patient level, and population 
level (Abramowitz et al. 2018; Cori et al. 2017; 
Holmes et al. 2016; Lee et al. 2019). The coro-
navirus disease 2019 (COVID-19) pandemic 
has of course prompted a deluge of diverse 
research programs (Anon 2021).

DM of an observational study versus DM 
of a clinical trial differs in several respects. 
For example, clinical research on a new drug 
needs to comply with stringent regulations, 
while non-interventional studies are less 
strictly regulated (including observational 
studies but also social science and anthropo-
logical studies). Some principles of DM are 
(or should be) common for all types of 
research, such as the need for data integrity, 
data quality, and ensuring data security. Other 
DM norms can be quite different, such as how 
crucial data are collected, data-handling tools 
and processes, and the qualifications required 
of data personnel. Understanding the type of 
research being performed is a first step to 
organize DM and then to define the require-
ments from ethical, regulatory, technical, and 
project management viewpoints.
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For this chapter, and in keeping with the 
thematic focus of the book, we mostly refer 
here to good practices, guidelines, and regula-
tions for preparing, conducting, and report-
ing a clinical trial. As noted, these are in some 
cases more stringent than would be required 
in case of nonclinical (non-interventional) 
research, but even the latter could benefit 
from adhering to the same principles or at 
least referring to them and thinking through 
why they may not be required.

4.2  Regulatory Requirements

All clinical research, including emergency 
response research on infectious diseases, must 
be carried out in compliance with international 
and local regulations (7 Chap. 6), guidelines, 
standards, and funder requirements concerning 
DM. Rather than trying to detail all national 
regulatory and other requirements, which 
depend on the type of research and where it is 
conducted, we refer to European Union (EU) 
and U.S. regulatory requirements on the main 
aspects of DM.  As a concrete example, we 
refer to the Ebola-TX study, an emergency 
clinical trial sponsored by the Institute of 
Tropical Medicine Antwerp (Belgium), with 
EVD patients recruited from February 2015 
to July 2015  in an Ebola treatment center 
managed by Médecins Sans Frontières (MSF) 
in Conakry, Guinea (van Griensven and Haba 
2019). For the Ebola-TX study alone, the fol-
lowing regulations, guidelines, standards, and 
funder requirements were applicable to DM:
 1. EU Directive 2001/20/EC on clinical tri-

als. The Ebola-TX study adhered to this 
directive by ensuring that the trial subject 
data, information, and documents were 
properly generated, recorded, and reported 
(EC 2021b).1

 2. EU Directive 95/46/EC refers to the rights 
of the subject to physical and mental 

1 EU Regulation No. 536/2014 on clinical trials offi-
cially superseded EU Directive 2001/20/EC on Janu-
ary 31, 2022. There will be a 3-year transition period 
to full implementation and phaseout of  the older 
procedures.

integrity, to privacy, and to the protection 
of the subject data (EU 1995).2 Ebola-TX 
measures to ensure security and confiden-
tiality include controlled access to study 
computers, sponsor servers, study binders, 
offices, and server locations. Private infor-
mation of trial participants must be han-
dled confidentially, with personal 
identifying information omitted from elec-
tronic case report forms (eCRFs), other 
paper and electronic files, and publica-
tions. Ebola-TX trial data were properly 
anonymized before data sharing.

 3. U.S. Food and Drug Administration (FDA) 
21 Code of Federal Regulations (CFR) 
part 11 defines the criteria under which 
electronic records and electronic signa-
tures are considered trustworthy, reliable, 
and equivalent to paper records (FDA 
2018). The Ebola-TX study used MACRO, 
a specific CDM system to comply with 
these criteria.

 4. The European Medicines Agency (EMA) 
incorporates Guidelines on Good 
Manufacturing Practice (GMP; see next 
paragraph)-Annex 11, with specific 
requirements on the use of computerized 
systems. Ebola-TX ensured that its com-
puter software, as well as the eCRFs used 
for data collection and management, were 
validated for their intended use, conform-
ing to an established validation protocol 
and procedure (EC 2011).

 5. The International Council for 
Harmonisation of Technical Requirements 
for Pharmaceuticals for Human Use (ICH) 
promulgates guidance for many aspects of 
clinical trials and pharmaceutical produc-
tion. Many of these, e.g., GMP, are incor-
porated by stringent regulatory authorities 
like FDA and EMA into their own guid-
ance. This also includes good clinical prac-
tice (GCP), a foundational international 
guideline for designing, conducting, 
recording, and reporting clinical trials. 
GCP is designed to be used in conjunction 
with about 60 separate, detailed ICH 

2 EU Directive 95/46/EC was replaced in 2018 by the 
EU General Data Protection Regulation.
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guideline documents for many aspects of 
clinical trials. As above, these guidelines 
govern the conduct of clinical research in 
the EU, the United States, and many other 
countries (ICH 2022). Ebola-TX assigned 
a unique identification code to each par-
ticipant, documented validation of the 
electronic data processing system, main-
tained standard operating procedures 
(SOPs) and data entry guidelines, provided 
an electronic audit trail and data traceabil-
ity by maintaining an updated list of sys-
tem users, as well as maintained adequate 
backup of the study data (ICH 2016).

 6. The Clinical Data Interchange Standards 
Consortium (CDISC) publishes standards, 
such as CDASH (Clinical Data Acquisition 
Standards Harmonization), SDTM (Study 
Data Tabulation Model), and Operational 
Data Model-XML, to enhance the clinical 
trials process on data collection, data tabu-
lation, and data transfer, respectively 
(CDISC 2021). Ebola-TX examined the 
feasibility of adhering to these standards, 
which are primarily used by the pharma 
industry for regulatory submission in the 
United States. Despite the time constraints 
and lack of previous experience with 
CDISC, Ebola-TX implemented CDASH 
for its CRFs and thereby facilitated future 
data sharing.

 7. Medical Dictionary for Regulatory 
Activities (MedDRA). The Ebola-TX 
study standardized its reporting of adverse 
events in accordance with this widely used 
international reference (MedDRA 2021).

 8. Funder requirements. The EU, in particu-
lar its Horizon 2020 Research and 
Innovation Programme (EC 2021a), was 
the main funder for the Ebola-TX study. 
Since 2016, they have required adherence 
to the FAIR data principles for scientific 
DM to improve findability, accessibility, 
interoperability, and reuse of research data 
and metadata (Wilkinson et  al. 2016). 
Since 2016, these requirements have been 
taken into consideration when providing 
Ebola-TX data for secondary research.

4.3  Technical and User 
Requirements

Appropriate tools and systems should be cho-
sen for collecting, managing, and handling 
research data during and after a study. 
Acquiring and configuring the IT infrastruc-
ture to support research in resource-limited 
settings is often challenging, especially where 
Internet connectivity is lacking or unreliable, 
mains electric power supply is intermittent or 
of poor quality, computer use is uncommon, 
and skilled local IT support personnel are 
scarce. The COVID-19 pandemic has trig-
gered a call for further global data standard-
ization and harmonization (Ros et  al. 2020) 
and better planning and preparation in health 
informatics (Basit et al. 2021).

Over the years, there has been a gradual 
shift from paper to electronic systems for data 
collection, both in industry and academic set-
tings (Tufts University and Veeva Systems 
2017; Wilcox et al. 2012). Compared to tradi-
tional pen and paper data collection, elec-
tronic data capture has improved quality and 
reduced time and cost (Fleishmann et  al. 
2017; Le Jeannic et  al. 2014; Walther et  al. 
2011). Replacing paper data collection with 
electronic data capture can also be achieved in 
resource-poor settings (Seebregts et al. 2009; 
Thriemer et  al. 2012; Zeleke et  al. 2019). 
However, no single information and commu-
nications technology (ICT) solution seems to 
fit every setting. The architecture of a system 
for health data capture in a remote area 
depends on integrating its three main compo-
nents: networks, data capture devices, and 
data capture applications (Ashar et al. 2010). 
The choice of ICT solution will depend on 
user requirements, available infrastructure in 
the location of the study, and procurement of 
necessary hardware (7 Chap. 34).

There has also been a rapid evolution from 
static computers to mobile alternatives, such 
as personal digital assistants (already obso-
lete), laptops, cell phones, smartphones, and 
tablets. Users may find a tablet more conve-
nient than a laptop or choose a rugged device 
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to withstand severe field conditions, rather 
than an office-use version. Additional devices 
like mobile printers, scanners, barcode read-
ers, portable medical diagnostics, smart 
watches, and biometric trackers have made 
their appearance as ICT solutions in health 
research settings. Application software has 
evolved in tandem with hardware compo-
nents. There is growing interest in so-called 
apps, software applications designed to run 
on mobile devices to support healthcare and 
emergency response research. Ensuring reli-
able electrical power to support these ICT 
solutions becomes more essential than ever 
(7 Chap. 37). ICT technologies also help 
enable electronic medical records (Clifford 
et al. 2008; Shaffer et al. 2019), disease surveil-
lance and response systems (Groseclose and 
Buckeridge 2017; Hussain-Alkhateeb et  al. 
2018; Randrianasolo et al. 2010), and the use 
of mobile data capture tools and software 
applications (Brinkel et  al. 2014; de Visser 
et  al. 2015; eHealth Africa 2021; El-Khatib 
et al. 2018; Karimuribo et al. 2017; Ming et al. 
2019; Mohanty et al. 2019).

Aside from commercial clinical data man-
agement systems (MACRO, Castor, Medidata 
Rave, Inform, etc.) which require payment by 
the user, other options are available for aca-
demic institutions, including no-cost licenses 
for nonprofit users and open-source software. 
These include the free software REDCap and 
OpenClinica (until recently open-source), 
both with a particular use in clinical research 
(Fegan and Lang 2008; Harris et  al. 2009, 
2019; Omollo et  al. 2014; Tom-Aba et  al. 
2015; Voysey et  al. 2021). Open Data Kit, 
another open-source software program, is 
often used for surveillance studies and epide-
miological research (Fornace et  al. 2018; 
Maduka et al. 2017; Wamwenje et al. 2019).

The 2014–2016 EVD outbreak in West 
Africa produced many lessons learned for 
DM and the use of ICT. A remarkable 
improvement was recorded in the reporting of 
daily follow-up of contacts of EVD patients, 
using technology based on Open Data Kit 
(Tom-Aba et al. 2015). In addition, the use of 
smartphones or tablets for recording patient 
information in an ETC was shown to be more 
efficient and safer than paper-based methods 

(MSF 2016). Electronic data capture also has 
less potential for delays or errors than paper 
forms, which require subsequent manual reen-
try for digitization (Cori et al. 2017).

Aside from the shift from paper to elec-
tronic data collection, data quality challenges 
have been addressed by hiring information 
management officers and by using some of the 
many tools, platforms, and systems available 
for data collection, sharing, and mapping. In a 
report for the U.S. Agency for International 
Development, Fast and Waugaman (2016) 
discuss proliferation of platforms and tools, 
among them the following:

 5 EpiInfo Viral Hemorrhagic Fever Module
 5 Open Data Kit
 5 KoboToolboxVozanoo
 5 OpenMRS
 5 OpenHie
 5 District Health Information Software 2
 5 Magpi
 5 Sense FOLLOW-up/ID
 5 Tableau
 5 iForm
 5 Go.Data (WHO)

There are many papers describing tools avail-
able in this fast-moving field, and there will no 
doubt be continued development in this area 
as the COVID-19 response shifts out of high 
gear and into sustained research for prepared-
ness and response. Both medical care and 
clinical research see a growing interest in 
health informatics and/or digital health, with 
technologies as diverse as the forecasting of 
outbreaks, use of big data, biometrics, wear-
ables, the Internet of things, and artificial 
intelligence (George et al. 2019; Manteghine-
jad and Javanmard 2021; Tilahun et al. 2021; 
Woo 2019).

In addition, it should be noted that the 
platforms and tools very useful for one study 
could be inapplicable to another (see 7 Sect. 
4.1). For example, while a classical retrospec-
tive research study might use spreadsheets 
such as Excel or epidemiological software such 
as EpiData or EpiInfo, these tools are not suit-
able (and should be avoided) for collecting 
data in prospective clinical studies, for which 
specific clinical data management systems are 
more suitable. Such systems are designed to 
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comply with the regulatory requirements dis-
cussed above, such as GCP (see 7 Sect. 4.2). 
Moreover, these systems will have varying 
technical specifications for operating systems, 
networks, hardware, and compatibility with 
other devices and applications and will need to 
be chosen in consultation with ICT personnel 
(Kuchinke et al. 2010).

There are specific data challenges and 
requirements in infectious disease research, as 
seen in both recent large Ebola outbreaks and 
the COVID-19 response. For example, collec-
tion and transfer of patient data from high- risk 
“red zone” areas where potentially infectious 
patients are isolated to the low-risk “green 
zone” are likely to be safer using electronic 
transfer rather than moving paper or hardware 
from one to the other. Initial methods for data 
transfer in ETCs in West Africa imposed com-
promises on the quality, quantity, and confi-
dentiality of patient data (Oza et  al. 2017). 
Difficult working conditions, challenges in effi-
ciently documenting patient history and prog-
ress, lack of harmonization in data collection 
between ETCs, and unreliable Internet connec-
tivity at ETCs have been mentioned as key 
bottlenecks potentially interfering with study 
conduct (Jobanputra et al. 2016). These chal-
lenges may be even more acute for emergency 
clinical trials where the following consider-
ations for the technical setup of the CDM sys-
tem apply:

 5 Paper and electronic tools are potentially 
“dirty” (contaminated with an infectious 
pathogen) and must not be routinely trans-
ferred from the high-risk zone to the 
 low- risk zone.

 5 Personal protective equipment (PPE) used 
by the staff  involved in patient care and 
research, such as heavy-duty gloves, may 
pose a challenge to collecting or entering 
data.

 5 Time constraints. The time medical staff  
can spend in the high-risk zone of the 
treatment center may be strictly limited by 
the heat stress of working in PPE in a trop-
ical environment. As time is prioritized for 
giving care to patients and for obligatory 
procedures such as donning and doffing 
PPE and cleaning specific equipment, time 
left over for research is restricted, though 

recent innovations have eased that con-
straint (7 In Practice 40.1).

 5 Disinfectants used for regularly cleaning 
patient rooms, surfaces, and equipment 
may have a corrosive effect on data collec-
tion and management devices and hard-
ware.

The Ebola-TX study sought to overcome such 
challenges even while collecting source data on 
paper case report forms (CRFs). Although 
heavy-duty hand gloves had to be worn by the 
medical staff, it was still feasible to make pho-
tographs of each CRF page with a smartphone 
in the high-risk zone. Agreements were made 
with the site on using ethanol instead of chlo-
rine for disinfecting smartphones. Data were 
then transferred via a local area network to a 
“data center” (a laptop functioning as a server) 
in the low-risk zone. Each page was then 
printed out and entered on a study laptop 
loaded with electronic CRFs, using the GCP-
compliant CDM software MACRO. MACRO 
was used offline to overcome possible Internet 
connectivity issues and then regularly synchro-
nized with the central server at ITM, the study 
sponsor (. Fig.  4). This approach differed 
from other studies where the transfer of source 
data from red to green zone was performed by 
other means such as “shouting over the fence,” 
by using walkie talkies, or by showing the paper 
at the “fence,” as in . Fig. 5.

4.4  Project Management 
Requirements

Research projects have several components, 
from describing the research question or 
hypothesis through analyzing the study data to 
the publication of the findings. Practicalities, 
such as a timely study start, consequent follow-
up, and coming to conclusions, can be challeng-
ing, especially in low-resource settings. Proper 
research management includes assigning appro-
priate human, financial, and technical resources, 
adherence to strict and sometimes short time-
lines (especially in emergency research), and 
ensuring quality throughout the study. Success 
depends on how well the project is planned, 
organized, implemented, and managed, and 
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.       Fig. 5 Another way of  transferring case information from the red zone. (Photo: Jerry Pierson)

.       Fig. 4 Some of  the data locations important in the 
Ebola-TX study: the first photo shows medical care and 
research performed in the high-risk, red zone; the sec-
ond is a small cabinet in the red zone jury-rigged with a 
smartphone (blue) on top to precisely frame a full A4 

size paper case report form; the third is the Ebola Treat-
ment Center in Conakry and the fourth is the Institute 
of  Tropical Medicine in Antwerp, between which Ebola- 
TX study data had to flow efficiently and reliably. (Pho-
tos: ITM Antwerp)

DM in particular is an essential element of suc-
cessful research that can benefit from better 
management (Parvathaneni et al. 2018).

Inadequate understanding of DM and the 
processes required often leads to underesti-
mating the workload. Whereas data capture 

might be an obvious process, data validation 
and the often labor-intensive and time- 
consuming process of querying to ensure the 
data are clean and reliable are frequently over-
looked. Quite often study databases are not 
ready to be released at study start; this can 
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.       Fig. 6 Basic phases of 
data management during 
a clinical study. (Authors)

lead to downstream delay and a postponed 
database lock (Tufts University and Veeva 
Systems 2017). Sometimes databases or sys-
tems have not been tested or validated on their 
functionality before data capture begins or 
may not have been tested at all.

In academic clinical research, especially in 
low-resource settings, one person may wear 
many hats and be responsible for diverse activi-
ties and deliverables, such as designing the case 
report form and other documentation, data-
base design and programming, testing, train-
ing, data cleaning, medical coding, organizing 
an IT helpdesk, archiving, and data sharing. 
Moreover, that person may even be involved in 
several simultaneous studies. However, little 
seems to have been published on the project 
management of clinical research or of aca-
demic research in general. The authors, there-
fore, provide the following guidelines (. Fig. 6) 
for good project management practices based 
on their own experience.

5  Selection and Implementation 
of Data Capture Tools

The choice of the method for data capture, 
including collection tools, is based on several 
factors, as described in 7 Sect. 4. The exam-
ples below are typical for clinical trials, and 
there may be other approaches with other 
kinds of research, but selecting a robust data 
capture system and tools is critical to the suc-
cessful implementation of high-quality 
research. In resource-limited settings, this 
decision includes but is not limited to avail-
able resources (e.g., Internet, equipment, and 
related supplies), skilled personnel, and the 
conditions in which the research is being con-
ducted, which may include the widespread 
danger of infection, poor infrastructure, and 
security concerns.
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No 

 

Disadvantages of anEDC system

1. Database is readily available for cleaning 

or analysis, depending on how rigorously 

the system has been set up. 

Logistical and infrastructural 

requirements: reliable electric power, 

internet connectivity, device security, and 

suitable locations for device storage 

should be considered. However, many 

devices run on battery power, and EDC 

systems can support offline data 

collection at remote places without 

internet connectivity for later 

synchronization.  

2. Questionnaires can be quickly modified

based on experience during 

implementation. 

 More training may be required, especially 

in resource-limited settings. 

3. Quick data entry process with fewer  

errors after entry (enhanced by real-time 

edit checks). 

Advantages of an electronic data capture 

(EDC) system

.       Fig. 8 Advantages 
and disadvantages of 
EDC. (Authors)

No Advantages of a paper-based system Disadvantages of a paper-based system

1. Suitable for resource-limited settings 

where technology is not widely assessable

Time-consuming in organizing,

depending on the scale of the research

2. Easily understandable, with l

training needs. 

imited High level of effort, time, and labor

required to correct errors in data 

collection

3. The lack of technical glitches associated 

with electronic data capture

Record/questionnaire retention

.       Fig. 7 Advantages 
and disadvantages of 
paper data collection 
(Authors)

5.1  Paper-Based Data Capture

A paper-based data capture system is the tra-
ditional method for collecting research data in 
resource-limited settings. Collecting data on 
paper forms and transferring them to a loca-
tion where the data will be entered in the study 
database minimize the need for ICT systems 
at some study sites. In a paper-based study, 
questionnaires are designed, printed, and 
organized in binders assigned to each study 
participant. The binder will include all the 
forms to be completed by study staff  or par-
ticipants. . Figure 7 lists some of the advan-
tages and disadvantages of paper-based data 
collection and transfer.

5.2  Electronic Data Capture

An electronic data capture (EDC) system is a 
computerized system for the collection of 
clinical research data using electronic ques-
tionnaires or electronic case report forms 
(eCRFs). With EDC systems, study staff  pri-

marily enter data directly into a database via 
computer, mobile phone, or tablet. An EDC 
provides immediate organization and retrieval 
of electronic data for each study participant 
(. Fig. 8).

5.3  Selection of Data Capture 
System and Software

The selection of a system and software to cap-
ture and manage data depends on several fac-
tors. An important criterion is that the system 
meets all regulatory requirements as indicated 
in 7 Sect. 4.2 and 4.3. During a health emer-
gency, the quick deployment of a robust data 
management system for research is pivotal for 
understanding the epidemic, let alone a pan-
demic, and developing countermeasures. 
Selection of user-friendly software or a sys-
tem that is known to local end users or easily 
learned helps increase efficiency and improves 
data quality. Where there are existing research 
institutes or programs pivoting their work to 
meet the health emergency, harmonization 
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with existing DM systems can help keep dis-
ruptions to a minimum. In August 2020, dur-
ing the COVID-19 outbreak in Liberia, the 
Partnership for Research on Ebola Vaccines 
in Liberia (PREVAIL) (a clinical research 
partnership established by the United States 
and Liberian governments) rapidly rolled out 
a COVID-19 observational study at the coun-
try’s biggest treatment center. Although ini-
tially the idea was to set up an EDC system, 
data capture was initiated on paper, followed 
by data entry in REDCap. The decision to use 
paper forms was reached because it was diffi-
cult to use electronic devices while wearing 
PPE in an infectious environment. Paper 
CRFs were completed and photographed in 
the high-risk zone and then electronically 
transmitted to a secured computer in the low- 
risk zone for quality control and data entry. 
REDCap software was chosen because many 
of the research staff  were already familiar 
with the system (NIH 2021).

5.4  Study Settings and Available 
Resources

As outlined in previous sections (7 Sects. 4.3 
and 5.3) and other chapters, the study settings 
and available technologies are critical factors 
for the selection of a DM system and software 
(7 Chaps. 34, 37, and 40). In resource-limited 
settings, human resource capacity is vital for 
effectively implementing a robust DM system. 
Implementing a DM system is not limited to 
DM or IT-related staff. It incorporates a wide 
range of clinical and nonclinical staff, many 
of them involved in the collection and review 
of data. There are specific roles and responsi-
bilities of members of the DM as well as the 

clinical and nonclinical study teams. In com-
pliance with GCP, the entire research team 
should be trained to use the data collection 
tools (paper based or eCRF) to ensure com-
pliance with the GCP standard. The training 
of clinical staff  is mainly focused on CRF 
completion and queries management, while 
DM staff  receive similar training in addition 
to learning the functionality of the DM sys-
tem (7 Chap. 42).

5.5  Development of Standard 
Operating Procedures (SOPs)

As required by GCP guidelines, an electronic 
DM system should have clear and succinct 
SOPs covering system setup, installation, use, 
and troubleshooting. These SOPs are used as 
training manuals, user guidelines, and refer-
ence tools as the system is implemented. Some 
of the most common SOPs for use of these 
systems are shown in . Fig. 9.

5.6  System Validation: Testing 
Software, Data Collection 
Tools, and Systems

For GCP-compliant studies using electronic 
DM systems, the sponsor should ensure and 
document that systems conform to the spon-
sor’s established requirements for complete-
ness, accuracy, reliability, and consistent 
intended performance. This includes the fol-
lowing:
 1. Validating the software and system (e.g., 

REDCap installation and operational 
functioning online at server and at mobile 
device)

No Name of SOP Scope of SOP

1. CRF completion Instructions on how to complete the CRF (paper or

electronic)

2. Quality control Instructions on how to review CRFs after completion

perform quality control and assurance, ensure data 

completeness and validity, etc.

, 

3. Resolving queries Instructions on how to handle queries generated during 

or after data entry

4. Data entry and validation Instructions on how to electronically capture and 

validate data 

.       Fig. 9 SOPs for data 
collection. (Authors)
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 2. Validating study electronic questionnaires 
or eCRFs (operational functioning of a 
study-specific database design, its edit 
checks and skip logic)

Both (1) and (2) should be in place and veri-
fied before data capture starts.
 3. Validating upgrades of software, changes 

to the system, updates of the eCRF/data-
base design during the study

 4. Documentation including validation plan, 
user requirements specifications, installa-
tion qualification, operational qualifica-
tion, and validation reports

If  at all possible given time pressures, simu-
lated or pilot studies to test paper or electronic 
questionnaires before the research study 
begins are invaluable for ensuring that a DM 
system is properly structured and robust. 
Whether or not such a “shakedown cruise” is 
possible, all study instruments must be final-
ized and the database put into production 
mode for the actual study, whereupon only 
actual study data can be entered.

A trial run can
 5 Identify errors on the questionnaires or 

CRFs including skip logic and instruc-
tions for completion.

 5 Ensure that the study database is func-
tional and robust and that its edit checks 
and logic are properly programmed.

 5 Test the data transmission procedure, 
Internet connectivity, and strength where 
applicable.

 5 Provide hands-on staff  training on the 
 system.

6  Data Capture and Data Review

6.1  Data Flow

A well-defined DM system has a clear flow of 
information from data capture to analysis. 
Research studies are designed with specific 
data flow depending on the environment, 
study design, and the type of data collection 
system. Active data tracking is essential for an 
up-to-date overview of the accumulating data. 

The data flow of a paper-based system will 
vary from that of an EDC system because the 
needs and requirements for each system differ. 
CRF tracking—the identification of missing 
or blank paper pages—before sending data 
from the site to the location where data entry 
is done is an important aspect of ensuring effi-
cient data flow. . Figure  10 illustrates data 
flow in paper-based and electronic data cap-
ture processes for studies conducted in 
Liberia. Study 1 is a natural history study of 
Ebola survivors conducted from 2015 to 2021, 
while Study 2 is a malaria incidence study 
(Duffy 2022; PREVAIL III Study Group 
2019). During Study 1, the participants’ bind-
ers were prepared with blank CRFs that were 
completed at each of the stations before the 
review phase began. At the end of data collec-
tion during each participant visit, the folder 
was sent for data review/quality control before 

Study 1.Paper based
data capture system

Prepare 
par�cipant’s study 

binder

Study 2. Electronic
data capture system

Collect data on 
par�cipant’s vital 

signs 

Collect data on 
par�cipant’s 

symptoms & exam

Collect specimen 
(biological data) 

Provide data on 
follow up visit 

schedule 

Review paper CRFs 
for correctness 
and comple�on

Conduct data 
entry into REDCap

Run computer 
valida�on rule to 

iden�fy error

Collect data on 
par�cipant’s vital 

signs 

Collect data on 
par�cipant’s 

symptoms & exam

Collect specimen 
(biological data) 

Run computer 
valida�on rule to 

iden�fy error

Re
se

ar
ch

 s
ite
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ve

l
da

ta
 fl

ow
Ce

nt
ra

l
da

ta
 fl

ow

.       Fig. 10 Data flow process for a paper-based and an 
electronic data capture system, as used in a study con-
ducted in Liberia. (Authors)
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the participant left the site. At the end of the 
review, applicable corrections were made and 
the folder was sent for data entry. At the end 
of each day at the central office, an automated 
program checked the data for accuracy, con-
sistency, completeness, and logic violation. 
Inconsistencies identified were sent back to 
the site as queries. This cycle was repeated 
throughout the implementation of the study. 
The data flow in Study 2 indicates how EDC 
and transfer can simplify the steps required.

6.2  Data Capture

6.2.1  Paper-Based Data Capture
In a paper-based system, physical forms are 
completed, reviewed, and validated before 
they are sent for data entry. This means check-
ing for and resolving missing data, sections, or 
pages; missing signatures if  applicable; and 
inaccurate and inconsistent data. In Study 1, a 
REDCap database was set up at the research 
site to manage the data. Two data clerks each 
independently entered the same paper CRF 
into the REDCap database. One of the two 
data clerks then reviewed the data for consis-
tency between the entries. If  there was any 
inconsistency, the paper form was reexam-
ined, and the appropriate correction was 
made in the database. This kind of double 
data entry is often mentioned as the gold stan-
dard for processing paper-based data collec-
tion systems in a clinical research setting. This 
improves data accuracy and reduces the need 
for unnecessary data cleaning post entry.

6.2.2  Electronic Data Capture
As described in 7 Sect. 5.2, direct entry into 
an EDC system is normally more efficient 
than first recording data on paper and then 
reentering them into a digital system. Some 
EDC systems can be used with mobile devices 
like phones and tablets and be configured for 
offline data collection when connections are 
down, with synchronization once the connec-
tions are restored.

EDC systems also allow for “edit checks,” 
which auto-review data for validity and tell 
the user to recheck the entry by showing a 

message such as “Value is out of range. Please 
examine.” The system thus facilitates rapid 
resolution of accuracy issues. Other useful 
programming includes branching or skip logic 
(e.g., when gender/sex is entered as male, ref-
erences applicable only to females will be 
skipped or inactivated automatically). By 
such means, the system helps ensure that sin-
gle data entry supports robust, high-quality 
data (. Fig.  11). In addition, these systems 
use status icons to indicate the quality and 
progress of data capture and to show when 
data is almost ready or final for analysis. This 
gives an EDC system a further advantage over 
a paper-based system by obviating much of 
the post-entry effort and time required with a 
paper-based system.

6.3  Data Review, Quality 
Assurance, and Quality Control

Data review, data validation, data cleaning, 
and quality control are terms used inter-
changeably to describe the processes needed 
to assure valid or clean data. The ultimate 
assurance for data validation and data integ-
rity is to adhere to the ALCOA+ principles 
(Bargaje 2011), ensuring that data are

 5 Attributable
 5 Legible
 5 Contemporaneous
 5 Original
 5 Accurate

Plus
 5 Complete
 5 Consistent
 5 Enduring
 5 Available

Actions to achieve ALCOA+ principles 
include the edit checks designed to identify 
inaccurate or invalid data using ranges, but 
also computer functions to pick out duplicate 
data, incomplete or inconsistent data, and 
protocol violations. In addition to pro-
grammed automatic review, manual review of 
data may be considered. Where resources per-
mit, specific staff  members, such as data mon-
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itors, local data managers, quality control 
officers at the clinical sites, and central data 
managers and statisticians at a central loca-
tion may all validate data. Quality control 
should occur throughout a study. As shown in 
. Fig.  10, data review and quality control 
occur at each stage of the data flow. At the 
end of data collection and before the partici-
pant leaves the site, detailed quality control is 
performed. This process provides a compre-
hensive look at all the data collected for that 
study visit and allows for initial corrections, 
while the participant is still at the site for veri-
fication.

6.4  Database Queries: Generation 
and Resolution

Generation of queries and ensuring corre-
sponding database updates are important 
tasks of data review/quality control. Electronic 

DM systems include validation rules that 
specify normal ranges for numerical variables, 
logic checks between variables to evaluate 
data consistency and missing data, and simi-
lar cross-checking. Automatic queries are 
enhanced by indicators within the system 
(e.g., REDCap’s red status icons indicating 
incomplete data on a data capture form). A 
central DM team implements this process in 
close collaboration with the study staff  doing 
data collection and entry. Depending on the 
software and DM system, additional “man-
ual” queries may be sent to the clinical team 
by the staff  members checking the data 
(. Fig. 12).

Paper-based systems require that queries 
written on paper data clarification forms be 
sent to the clinical teams and returned with an 
answer or clarification. With a paper-based 
system, tracking, overview, and overall orga-
nization of these queries and paper forms are 
very labor-intensive.

.       Fig. 12 Tools for checking data entries are inte-
grated into some electronic clinical data management 
systems, e.g., REDCap. The pop-up window presents 
the query “Hb result is out of  range? Please examine” 

and allows assignment to a staff  member who will exam-
ine the value given, respond, and correct if  applicable. 
(Courtesy REDCap; Harris et al. 2009, 2019)
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7  Database Lock

The goal of any clinical research study is the 
timely reporting and analysis of all data col-
lected throughout the study. Before data anal-
ysis can start, the database is expected to be 
complete, clean, accurate, and consistent, 
with all queries resolved and final quality con-
trol performed. Subsequently, the database is 
locked, either at predefined time points during 
the study (intermediate lock) and/or at the 
study end (final lock), to prevent unauthor-
ized or unintentional changes to the data as 
statistical analysis takes place. Database lock 
should be carefully planned and described in 
the study protocol and DM plan and finally 
agreed upon at a dedicated database lock 
meeting, during which the integration of data 
from various types, sources, and locations 
should be considered.

Several stakeholders are involved in data-
base lock, as part of either the sponsor team 
or the clinical site team. After all data entry by 
the data entry clerks, and after final quality 
checks by the data reviewers, the data man-
ager, the study statistician, and either the 
coordinating investigator or the principal 
investigator are jointly responsible for approv-
ing the database lock. Following approval, the 
data can be locked in the EDC software, and 
all edit rights to the database will be removed. 
The formal locking of the database and the 
date on which the edit access rights were 
removed should be documented in a database 
lock approval form.

Due to limited resources, including techni-
cal and regulatory expertise, many clinical 
research projects in low- and middle-income 
countries have collected and stored data using 
programs like Microsoft Excel or other non- 
GCP- compliant software that does not meet 
global standards for good DM.  The use of 
such software makes database lock harder to 
implement, and the availability of free access 
tools for DM (e.g., REDCap) should make 
use of noncompliant software unnecessary.

Interim database locks and subsequent 
interim analyses allow for early decisions on 
the need to adapt or halt the study for reasons 
of clear efficacy, futility, or unacceptable side 
effects. This aspect can be of special impor-

tance in emergency research, where timely 
decisions to proceed with one or more specific, 
potentially lifesaving interventions over other, 
less beneficial interventions can save lives even 
during the study. For example, the interim 
data analysis of a randomized controlled trial 
of EVD therapeutics conducted in the 
Democratic Republic of Congo indicated 
superiority of two out of four treatments eval-
uated, upon which it was decided to limit fur-
ther treatment of new study participants to 
these two most promising therapies for the 
remainder of the trial (Mulangu et al. 2019).

Following database lock, all study data are 
secured on the server of either the study spon-
sor or the host institution, ready for extrac-
tion for statistical analysis. Even in emergency 
research settings, the electronic study data-
base can often be stored on a centralized, 
secured server in preparation for analysis as 
planned in the statistical analysis plan. In the 
DRC EVD trial reported by Mulangu et  al. 
(2019), study data were collected on bar-coded 
paper case report forms at the bedside, 
scanned and digitally sorted into electronic 
patient folders at the ETC, and subsequently 
entered into a web-based REDCap database 
by trial staff  at a remote data coordinating 
center.

8  Data Archiving and Data Sharing

Once study data have been analyzed and all 
outcomes described in the study protocol have 
been reported, the data set and all essential 
study documents (study protocol, informed 
consent forms, etc.) should be retained in 
binders or folders in safe, appropriate long- 
term facilities for future use and in accordance 
with regulatory requirements. When consider-
ing clinical studies, whether in an emergency 
setting or not, specific guidelines related to 
archiving have been described as part of ICH- 
GCP E6 (R2), which states, “The sponsor and 
investigator/institution should maintain a 
record of the location(s) of their respective 
essential documents including source docu-
ments. The storage system used during the 
trial and for archiving (irrespective of the type 
of media used) should provide for document 
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identification, version history, search, and 
retrieval” (ICH 2016). EMA guidelines on the 
content, management, and archiving of the 
clinical trial master file are similar (EMA 
2018). An appropriate storage area should be 
available to maintain the documents, so they 
remain complete and legible throughout the 
trial and the required retention period and 
can be made available to the competent 
authorities. The storage facilities should be of 
an appropriate size and secured throughout 
the entire archiving period, which can be more 
than 30 years (EMA 2018). Access to archived 
data should be restricted either by user access 
levels to the archive area of a server and/or by 
access controls to the storage location where 
the records are retained.

Research data can be archived locally, at 
institutional or university level, but online 
data repositories also offer solutions, some of 
them cost-free, if  the needed capacity is not 
available within the research framework. 
Examples of such repositories are listed in 
. Fig. 13.

Sharing the results of clinical research and 
the underlying data contributes to the advance 
of scientific knowledge, including novel 
research designs and the testing of new 
hypotheses (Rani and Buckley 2012). The 
focus on data sharing gained momentum 
when Wilkinson et  al. (2016) published the 
FAIR data principles to improve the findabil-
ity, accessibility, interoperability, and reuse of  
research data. Other authors propose that 
effective data sharing can be promoted by 

more clearly crediting the researchers who 
generated the original data (Pierce et al. 2019). 
GloPID-R (2018), a network of research 
funders, elaborated principles for data sharing 
in public health emergencies. ALERRT and 
the Pan-African Network For Rapid Research, 
Response, Relief  and Preparedness for 
Infectious Disease Epidemics (PANDORA) 
research networks, both funded by the 
European and Developing Countries Clinical 
Trials Partnership (EDCTP), have developed 
a set of data-sharing principles (ALERRT 
and PANDORA 2019).

These principles may be of special interest 
in low-resource settings because they promote 
equity and fairness toward researchers and 
communities which provide the data, particu-
larly those in developing countries. For 
research programs responding to public 
health emergencies, some funders require that 
data be shared within 30 days after it has been 
generated, entailing a well-organized database 
lock, within a few days after the last patient 
data is gathered (EDCTP 2018).

Rapidly and openly sharing research data 
in public health emergencies helps maximize 
the utility of clinical studies and minimize 
duplication of effort—both matters of key 
importance for a timely, effective emergency 
research response (Bugin and Woodcock 
2021; Chretien et  al. 2016; Hanahoe et  al. 
2021; Langat et al. 2011; Yozwiak et al. 2015). 
Lessons learned from past outbreaks, in par-
ticular the West Africa EVD emergency, pro-
vide insight for better tackling the numerous 

Name Data Type Provider URL

Zenodo General 

research data 

EU https://zenodo.org/

Data 

Archiving 

and 

Networked 

Services 

General 

research data

Netherlands https://dans.knaw.nl/en/

Infectious 

Diseases 

Data 

Observatory

Clinical and 

observational 

study data 

Independent 

coalition 

based in 

UK

https://www.iddo.org/

UK data 

archive

Social 

science data

UK https://ukdataservice.ac.uk/

NIAID 

Clinical 

Trials Data 

Human 

genomic and 

clinical data

USA https://www.niaid.nih.gov/research/accessing-

clinical-data

.       Fig. 13 Selected data 
repositories/databases. 
(Authors)
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challenges to optimal data sharing 
(Georgetown University Medical Center 
2018; Pisani et al. 2018). Overcoming some of 
the barriers requires the promotion of a data-
sharing culture, encouraging collaboration 
across research disciplines and communities, 
developing data-sharing platforms, promot-
ing data standardization, and refining public 
health and decision-making infrastructure. 
The COVID-19 pandemic has drawn further 
attention to the need for rapid data sharing 
during an infectious disease emergency, in 
part because of scientific and technological 
advances that have made it possible to develop 
medical countermeasures faster than ever 
before (Cosgriff  et  al. 2020; Moorthy et  al. 
2020; Van Noorden 2021).

In 1997, a collaboration of  scientific 
bodies concluded that “The value of  data 
lies in their use. Full and open access to sci-
entific data should be adopted as the inter-
national norm for the exchange of  scientific 
data derived from publicly-funded research” 
(National Research Council 1997). This is 
nowadays also reflected in the guidelines of 
the International Committee of  Medical 
Journal Editors (ICMJE), which rightly 
promotes the ethical obligation to responsi-
bly share data generated by interventional 
clinical trials, in part because trial partici-
pants have put themselves at risk, and for 
the benefit of  patients, investigators, spon-
sors, and society (ICMJE 2021; Taichman 
et al. 2016).

The benefits of data sharing are multiple, 
but data sharing is only possible when the 
data is well-managed and systematically 
archived. However, many databases, especially 
those of studies conducted in an emergency 
setting, are not well archived, and access for 
secondary use is limited, thereby reducing the 
return on (often public) research investment. 
Various obstacles can block efficient data 
archiving and retrieval:

 5 Unclear organizational responsibility
 5 Inadequate infrastructure
 5 Limited staff  with appropriate DM and 

analysis skills
 5 Limited data review and cleaning

 5 Researchers’ reluctance to share “their” 
data

 5 No formal database identified
 5 Lack of institutional data archiving and 

data-sharing policies

For relevant discussions and further insight 
into several aspects related to data sharing, 
see 7 Chap. 7 in this book.

? Discussion Questions
 1. What is data management?
 2. Why does a clinical research study need 

a data management plan (DMP)?
 3. It is crucial to outline to all members of 

the study team their specific roles and 
responsibilities in data management. 
List and discuss roles and responsibili-
ties of  dedicated professionals in data 
management.

 4. What are the advantages and disadvan-
tages of  electronic data capture versus 
collecting data on paper forms?

 5. A useful set of  principles for data vali-
dation and data integrity is called 
ALCOA+. What does ALCOA stand 
for, and what does the + mean? Are 
there additional principles you think 
should be added?

 6. Who should have access to clinical trial 
data and when?

 7. Discuss some regulations, guidelines, 
standards, and funder requirements 
that were applicable for the Ebola-TX 
study.

 8. Discuss some specific data challenges 
and requirements in infectious disease 
research, as seen in both recent large 
Ebola outbreaks and the COVID-19 
response.

 9. Describe some empirical guidelines for 
good project management.

 10. What are some of  the factors prevent-
ing rapid, open dissemination of 
research data?

 11. Briefly discuss the importance and pro-
cess of  data lock.

 12. Many databases, especially those of 
studies conducted in an emergency set-
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ting, are not well archived, and access 
for secondary use is limited, thereby 
reducing the return on research invest-
ment. Discuss various obstacles that 
can block efficient data archiving and 
retrieval.
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Learning Objectives
This chapter will help readers understand and 
describe:

 5 What pharmacovigilance (PV) is, key goals 
of a PV program, and some PV methods

 5 How safety assurances in the development 
of medical countermeasures (MCMs) over-
lap to create intentional redundancy

 5 Pharmacovigilance (PV) roles that must be 
incorporated into a protocol’s safety sec-
tion

 5 How emergency response research proto-
cols differ from typical protocols

 5 Factors to consider when developing PV 
standard operating procedures in areas 
where healthcare system capacity is over-
whelmed during an outbreak

 5 Meeting the training needs of overworked 
research and clinical care staff  with widely 
varying degrees of experience

 5 Safety data collection during a high-risk 
public health emergency and some factors 
that may hinder data collection during out-
breaks

 5 Recommendations for collaboration, 
adaptability, and adherence to principles to 
ensure that PV can be successfully managed 
in emergencies

1  Introduction

In early 2020, the world became aware of an 
still-unnamed virus that would soon change 
people’s daily lives. As the coronavirus disease 
2019 (COVID-19) pandemic has come to have 
more dramatic effects on our social lives and 
livelihoods than any infectious disease event 
in a century, the public at large has learned 
many previously unfamiliar terms:

 5 Diagnostics and testing
 5 Isolation
 5 Airborne transmission
 5 Ventilators
 5 Personal protective equipment
 5 Hospital capacity
 5 Front-line workers
 5 Therapeutics

Although pharmacovigilance (PV) is still not 
a broadly understood term, much of its termi-

nology now is, thanks to the COVID-19 pan-
demic:

 5 Vaccine safety
 5 Adverse events reporting system
 5 Adverse events and reactions
 5 Serious adverse events
 5 Adverse events of special interest
 5 Mortality risk
 5 Monitoring
 5 Statistical significance
 5 Placebo arm
 5 Clinical trial
 5 Regulatory review and approval
 5 Emergency use authorization
 5 Off-label use

Terms that those working in pharmacovigi-
lance (PV) use every day have been heard on 
the nightly news, particularly during the worst 
of the pandemic, yet pharmacovigilance as a 
subject and those who practice it remain 
largely unfamiliar to the average person. As 
the world desperately sought a “magic bullet” 
for treatment, hoped for an effective vaccine, 
and argued over herd immunity, one question 
kept rising to the top of conversation, from 
blogs to scientific and lay press articles, to the 
highest podiums of power, “Is it safe?” In that 
one question, we have the beginnings of a def-
inition of pharmacovigilance, both in normal 
times and in the response to a pandemic, where 
preventives and therapeutics are pushed for-
ward with special urgency. At best, some will 
prove highly efficacious and safe when admin-
istered to large populations. At worst the harm 
done will exceed any benefit—not only physi-
cal harm, but damage to the trust of millions 
of people in scientific research, the regulatory 
process, and the pharmaceutical industry. 
Many research products will likely fall into 
some middle ground, where the critical ratio 
of harm or risk vs. efficacy or benefit will be 
indeterminate, subject to argument, or require 
restrictive usage rules. We have seen and, as of 
this writing, continue to see this range of out-
comes during the COVID-19 pandemic.

One of the many characteristics that dif-
ferentiates safety and pharmacovigilance 
practice in a pandemic setting from routine 
practice is urgency, public attention, and 
above all scale. In response to outbreaks and 
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       . Fig. 1 Reported rates of  thrombosis with thrombo-
cytopenia syndrome (TTS) with Janssen (Johnson & 
Johnson) COVID-19 vaccine when 14.1 million doses 
had been administered. The overall reporting rate was 

3.83 cases per million Janssen COVID-19 vaccine doses. 
However, the reporting rates for females were much 
higher than males, particularly for females 30–49 years 
of  age. (See 2021; USG public domain)

pandemics of emerging and re-emerging 
infectious diseases, while standards remain 
broadly the same, pressure, publicity, pace, 
and scope intensify with the number of people 
affected. When it comes to diseases and con-
ditions that are not spreading rapidly, novel 
medical countermeasures (MCMs) are 
assessed under relatively low pressure, with all 
due caution and limited publicity, exposing 
only the number of individuals necessary to 
power statistically sound studies. Without 
careful management, this may translate to an 
increase in actual harm or misperceptions 
about the safety of a new vaccine or therapeu-
tic. For example, if  a drug has an intrinsic flaw 
that will cause a serious adverse event (SAE) 
in 1 person out of 1000 exposed to it, a nor-
mally paced development program may iden-
tify and perhaps successfully mitigate the 
danger posed by that flaw after only one or 
two SAEs. In a pandemic setting, if  pressure 
to introduce the drug leads to rapid distribu-
tion and widespread use, exposure of many 
thousands simultaneously could lead to scores 
of the 1:1000 SAEs. Even though the event 
rate is the same, the pressures, public atten-
tion, and stakes in a pandemic response could 
make the SAE into a headline story, which 
might easily overshadow impressive efficacy 
data on the agent. . Figure 1 shows an SAE 
with an occurrence rate far below 1:1000, 
which nevertheless received wide coverage 
and led to the suspension of the use or rollout 
of the Janssen vaccine for a time in several 
countries around the world (BBC News 2021).

The relevant question in drug develop-
ment safety and PV (. Fig. 2) in any setting, 
and particularly in a pandemic, is not simply, 
“Is the drug safe?” but “Are the anticipated 
risks acceptable when balanced against the 
harm of the disease and the efficacy of the 
drug in mitigating that harm?” If  the harm of 
the pandemic disease itself  decreases along 
the two primary axes of frequency and sever-
ity (i.e., infections are less common and symp-
toms less severe), the acceptability of any 
toxicity due to a proposed therapeutic agent 
also decreases. One would not use a drug, no 
matter how effective it might be, that was very 
likely to cause a serious adverse event (SAE) 
to counter a pandemic of a relatively mild and 
self-limited upper respiratory infection. 
Conversely, drugs with significant toxicity 
may reasonably be deployed if  they can stem 
an outbreak of a highly fatal disease with no 
good alternative treatment.

It is those in the field of pharmacovigi-
lance who will ascertain the numerator (risk) 
for the most essential equation (risk/benefit) 
governing effective response to emerging dis-
eases. Viewed through the lens of the 
COVID- 19 pandemic, the pharmacovigilance 
teams at pharmaceutical companies, govern-
ment research institutes, teaching hospitals, 
health ministries, and elsewhere have been 
charged with ensuring the complete collection 
and analysis of every negative or untoward 
event associated with medical countermea-
sures, in both research and authorized emer-
gency use. Their work produces actionable 
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       . Fig. 2 The key goals of  pharmacovigilance and some of  the tools for achieving them. (Authors)

information for oversight bodies, reviewers, 
regulators, and decision-makers. It has per-
mitted the development and deployment of 
therapeutics and especially vaccines with 
unprecedented speed and remarkable effec-
tiveness.

All safety data—whether gathered from 
human or animal models, cell cultures, assays, 
or biochips—make up the global safety and 
pharmacovigilance building block of pan-
demic response. The nature and probability of 
the events that these data reflect inform 
human clinical trial design, monitoring plans, 
stopping rules for trials, and ultimately end 
use. It will be the pharmacovigilance practi-
tioners, in close cooperation with clinical 
study teams, who will monitor safety as candi-
date prevention or treatment measures move 
from bench to bedside and into broader popu-
lations, focused on the question, “Is it safe?”

2  What Is Pharmacovigilance?

2.1  Definitions and Goals

WHO (2004) defines pharmacovigilance as 
“the science and activities relating to the 
detection, assessment, understanding and 
prevention of adverse events (AE) or any 

other possible drug-related problems.” There 
are four classical minimum elements to a 
pharmacovigilance report:
 1. An identifiable adverse event (AE)
 2. An identifiable patient
 3. An identifiable reporter
 4. An identifiable drug1

In routine practice, patients who are affected 
by an AE, their guardian, or their medical 
care provider report the AE to the health-
care system and the pharmacovigilance sys-
tem. In clinical studies, investigators compile 
data on all adverse events in research par-
ticipants.

The regulations and the practice of phar-
macovigilance vary significantly from one 
drug category to another, a difference most 
pronounced in the way safety is assessed for 
vaccines compared to therapeutics (Cobert 
et  al. 2019; Waller and Harrison-Woolrych 
2017). The Global Health Training Centre 
(2021) has a freely accessible course, 
“Introduction to Collecting and Reporting 

1 In this chapter, we will use the term drug to refer to 
a range of  pharmaceutical products, including vac-
cines, therapeutics, and other interventions intended 
to prevent, treat, or resolve disease.
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Adverse Events,” which reviews the funda-
mentals of the subject.

The two sides to the drug evaluation coin, 
efficacy and safety, are abundantly clear in the 
U.S. Food and Drug Administration’s (FDA) 
criterion for drug approval: “the drug is deter-
mined to provide benefits that outweigh its 
known and potential risks for the intended 
population” (FDA 2022). This risk/benefit 
ratio may play out on many levels. In human 
subjects research, the projected risk/benefit 
ratio, the risks to individual research partici-
pants, and minimization of anticipated risks 
through good study design are the criteria for 
regulatory approval of a clinical trial. In prac-
tice, even approved drugs, available on the 
market for a given purpose or purposes, must 
be assessed for individual patients and popu-
lations. Will the magnitude and likelihood of 
benefit to people prove to be worth the antici-
pated risks?

Note that the benefit—the denominator of 
this equation—can never be zero, at least not 
to society or some population at risk of a dis-
ease. The direct benefit may be zero to healthy 
individuals undergoing initial human testing 
of the intervention, but there must be a pros-
pect of benefit to others. Otherwise, as in a 
mathematical equation, the risks would 
become metaphorically infinite, even if  they 
were relatively rare and trivial. If  aspirin did 
not ease aches and pains, there would be no 
reason to take it, even if  it were nearly 
benign—the smallest safety issue would be 
unacceptable if  there were no known benefit.

Pharmacovigilance is necessary because 
even though a clinical trial is predicated on 
the hypothesis that the intervention being 
tested will provide benefits that outweigh the 
risks, that hypothesis may turn out to be 
wrong. It may not even be shown to be wrong 
until the drug gets past the approval stage. 
There are many well-known cases of drugs 
receiving regulatory approval and then caus-
ing serious harm: perhaps most notoriously 
thalidomide in the late 1950s and early 1960s. 
That case, where a drug was found to cause 
terrible fetal harm that clearly outweighed 
any benefit in pregnant women, led to major 
improvements in regulation and pharmaco-
vigilance (Fornasier et al. 2018). Still, even in 

the twenty-first century, the balance between 
adverse events and benefits may not be fully 
assessed until well after drug approval: selec-
tive COX-2 inhibitors (Vioxx and Celebrex), 
for example, were not withdrawn from the 
market until they had been given to millions 
of people (James et al. 2007).

Thus, we see that recording, reporting, 
assessing, and communicating adverse drug 
effects, as they occur during development and 
after approval, are essential. They guide the 
use of a drug during development and post- 
marketing administration. Pharmacovigilance 
(PV), then, is the discipline that informs 
research on a drug and its use in the clinic, 
helping to ensure or at least maximize safety. 
Knowledge about potential benefits of a drug 
may evolve as well, though generally not as 
rapidly as safety information. The evolving 
safety profile is continually updated with 
ongoing evaluation of risks against antici-
pated or proven benefits—information that is 
included on the product label and used by 
medical practitioners. . Figures  3, 4, and 5 
show the results of recent PV studies in 
graphic form.

2.2  The Mandate and the Players

Clinical safety is of utmost importance as an 
element of clinical research. Individuals who 
volunteer as participants in a drug develop-
ment trial need to be protected. Safety is 
addressed from the moment the drug first 
enters the pre- clinical (pre-human) phase of 
development. As the drug candidate goes 
through development, testing, and clinical 
studies, there will be a growing list of adverse 
reactions that may or may not be due to the 
drug. This list ultimately comes to be known 
by any of several names, one being the safety 
profile, which will inform those who adminis-
ter the drug to humans in later studies and 
eventually in medical care, so they can maxi-
mize benefit and minimize toxicities. Because 
safety is so important, there are many activi-
ties devoted to it, and many players whose 
work on the safety profile overlaps, creating 
an intentional redundancy. Some of the 
phases and players are
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       . Fig. 3 Results of a pharmacovigilance study: cumulative incidence of myocarditis or myopericarditis events after 
COVID-19 mRNA vaccination, by vaccine type and dose number. (Husby et al. 2021)

       . Fig. 4 A bubble plot displays the case numbers and 
percentages of  AEs after COVID-19 mRNA vaccinac-
tion. The size of  the circles is determined by the number 

of  patients with adverse events. (Chen et al. 2021; CC 
license to reprint with citation)
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       . Fig. 5 A bubble plot displays the risk difference of 
AE in the high- vs. low-dose group in a clinical trial of 
antimony to treat leishmaniasis. The size of  the circles is 
determined by the number of  patients with adverse 

events. The blue circles indicate significantly more 
adverse events in the high-dose group. (Saheki et  al. 
2017; CC may be reused with attribution)

 5 Preclinical scientists do work that includes 
in silico (in silicon, or computer modeling) 
and in vitro (in glass, e.g., test tubes and 
flasks, often with specially developed cell 
lines) analysis to produce information on 
the chemical and biological properties of 
the compound, including target tissues, 
binding sites, and other parameters related 
to safety and efficacy.

 5 Preclinical work includes additional test-
ing on how the compound behaves in a liv-
ing creature, generally a small mammal for 
convenience, and often a larger mammal 
or nonhuman primate to better approxi-
mate behavior in a human. Reproductive 
toxicity work and vital organ changes, vis-
ible on histopathology after sacrifice, add 
to the safety profile.

 5 First-in-human clinical investigators and 
safety teams may then introduce the agent 
in Phase I trials that help define pharma-
cokinetics, pharmacodynamics, half-life, 
breakdown and elimination pathways, 
intermediate compounds, dosing and 

administration parameters, and the first 
list of observable human toxicities and 
laboratory findings. At this point, the 
major players on the safety stage are intro-
duced and continue in the development 
program. They include.
 – Regulatory agencies: Governing bodies 

that implement national laws, regula-
tions, and in many cases, internationally 
harmonized guidance and standards, 
for example, those of the International 
Conference on Harmonisation of Tech-
nical Requirements for Pharmaceuti-
cals for Human Use (ICH 2023). These 
bodies set the boundaries for protection 
of humans and nonhuman animals 
when it comes to the development, test-
ing, and marketed use of therapeutics. 
In the United States, this is primarily 
the FDA.

 – Data safety monitoring boards and other 
safety monitoring and event adjudication 
and advisory teams: These are panels of 
experts in clinical, scientific, pharma-
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ceutical, statistical, data, and other 
fields. They are convened and empow-
ered by drug development sponsors or 
by regulators to monitor and assess 
research data as it accumulates and 
upon completion of the research 
(7 Chap. 23). Their mission is to iden-
tify signals of potential harm, or a clear 
lack of likely benefit or efficacy, or, con-
versely, a signal of such clear efficacy 
that the research needs to stop or be 
reconfigured to offer the drug to those 
who need it. Such panels are generally 
advisory, and although their determina-
tions carry enormous weight, they nor-
mally act through a sponsoring or 
regulatory body.

 – The sponsor, sponsor medical monitor, 
and sponsor safety office: This team, 
generally led by at least one physician or 
nurse specializing in the regulatory and 
clinical interface of drug development 
safety, also monitors and assesses 
incoming data from studies. Here, the 
focus is on a case-by-case and then 
cumulative view. Safety reports, partic-
ularly those indicating a serious event, 
are scrutinized, and queries are sent to 
the reporting physician or site to clarify 
details. The goal is multifold: ensure the 
quality of safety data (accuracy and 
completeness); assess reports individu-
ally and in clinically relevant groups 
(e.g., age, sex, comorbidities) to identify 
potential safety signals; act to help pro-
tect subjects in the study or those who 
may be using the same agent elsewhere; 
and report to regulators as required.

 – Research ethics committees (RECs) or 
institutional review boards (IRBs): Ethi-
cal review is mandated by drug regula-
tors everywhere, although the RECs 
may differ in capacity and expertise. 
RECs usually include scientific, clinical, 
and ethical experts and nonscientists 
who represent the community. Mem-
bers are trained in ethical principles and 
the practice of clinical research and are 
charged with acting not only to protect 
research volunteers from physiological 
harms, but to ensure that they are 

treated ethically, particularly when it 
comes to informing participants before 
they enroll in a study about the research 
and the risks they will face so they can 
provide their informed consent to par-
ticipate. RECs have a great deal of input 
into and essentially veto power over the 
informed consent form (ICF) that 
research volunteers must agree to before 
they are enrolled in any study (7 Chap. 
33, In Practices 33.2, and 33.3).

 – Scientific and regulatory research 
reviewers and study monitors: The 
sponsor is required to pick qualified 
individuals to assess the proposed 
research for scientific merit, safety and 
regulatory adherence, and subject pro-
tection, and to monitor the research to 
ensure that implementation is consis-
tent with the research protocol. Moni-
toring informed consent is a major 
part of  assessment once the trial has 
begun.

 – The principal investigator (PI) and site 
study team: The sponsor is obligated to 
select investigators and teams who are 
qualified not only to conduct the 
research as outlined in the protocol, but 
monitor for, detect, and treat the most 
likely and most serious potential risks 
facing study participants. Failure here, 
aside from possible harm to volunteers, 
could lead to the entire study being 
halted because of safety concerns.

 – Pharmacists plan the safe transport, 
storage, preparation, and administra-
tion of  drugs with detailed standard 
operating procedures that cover every-
thing from receipt through disposal, 
protecting not only subjects but the 
integrity of  the trial and the well-
being of  those handling the drug 
(7 Chap. 38).

 – Data and statistical specialists design 
and test data collection forms, generally 
electronic, and design the summaries 
and reports that will go to other safety/
PV-focused stakeholders to ensure they 
can identify single events and patterns 
that may indicate a problem (7 Chap. 
35) (. Fig. 6).
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       . Fig. 6 Drug safety and pharmacovigilance activities during the life cycle of  drug development. (Authors)

2.3  Methods

The methods of pharmacovigilance are, at 
their core, very simple, though the rules for 
what adverse events to collect and how they 
are reported and analyzed are quite complex:

 5 Early in the evaluation of a drug candi-
date, before human trials begin, pre- 
clinical research highlights areas of 
potential concern through a battery of 
tests and evaluations that help determine 
the route of administration, the initial 
dose, and the population best included in 
or excluded from clinical trials. These are 
addressed in an investigator’s brochure, 
especially in sections on safety and guid-
ance for the investigator, which are devel-
oped and maintained by the drug developer 
(FDA 1995).

 5 Each research protocol, illuminated by 
other, more detailed documents, such as 
the manual of operations (MOP), safety 
management plan (SMP), and clinical site 
monitoring plan (CSMP) for the study, 
lays out exclusion rules for research par-
ticipants, safety management, monitoring, 
and other rules for human participants in 
the trial. A data and safety monitoring 
plan (DSMP) is also incorporated in each 
study. The DSMP, implemented by a data 
and safety monitoring board (DSMB) 
(7 Chap. 23) “is a formalized process for 
reviewing accumulated outcome data from 
an ongoing research study to ensure the 
continuing safety and welfare of current 
research subjects and those yet to be 

enrolled, as well as the continuing validity 
and scientific merit of the study” (HHS 
2018; NIH 2020). The purpose, again, is to 
minimize risks and keep the anticipated 
risk–benefit ratio acceptable, from initial 
enrollment through the duration of each 
subject’s participation.

 5 Definitions and rules for identification, 
recording, assessment, and reporting of 
events are detailed in the protocol and the 
MOP.  These include the criteria for the 
event’s severity, or grade, based on a grad-
ing tool or table, as well as the event’s seri-
ousness, based on standard serious adverse 
event (SAE) definitions taken from regula-
tory and guidance documents. A selection 
of protocol templates with grading tools, 
definitions, and other guidelines may be 
accessed freely here (NIAID 2021).

 5 As research continues, adverse events 
affecting study participants are recorded 
in their records and entered into the study 
database. They are also assessed by the 
investigator and reported to the trial spon-
sor and the pharmacovigilance team 
through the safety database, in accordance 
with the protocol (7 Chap. 35).

 5 The pharmacovigilance team reviews the 
incoming and accumulating safety data—
essentially individual narratives of all seri-
ous safety reports, as well as a listing of all 
adverse events reported in the study—
along with other safety-related informa-
tion accumulating from the overall 
ongoing development program for the 
drug. This includes.
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 – SAE: Serious adverse events, or an 
adverse event or suspected adverse reac-
tion that, in the view of the investigator 
or sponsor, results in any of the follow-
ing outcomes:

 – Death
 – A life-threatening adverse event (one 

that places a person at immediate 
risk of death)

 – Inpatient hospitalization or prolon-
gation of existing hospitalization

 – A persistent or significant incapacity 
or substantial disruption of the abil-
ity to conduct normal life functions 
or

 – A congenital anomaly/birth defect
 – Important medical events that may 

not result in death, be life- threatening, 
or require hospitalizations may be 
considered serious when, based upon 
appropriate medical judgment, they 
may jeopardize the patient or 
research participant and may require 
medical or surgical intervention to 
prevent one of the outcomes listed in 
this definition (CFR 2020)

 – SUSAR: Suspected unanticipated seri-
ous adverse reactions, or SAEs that are 
suspected to have been caused by the 
study intervention or drug and are 
unexpected based on the safety infor-
mation for the intervention being inves-
tigated. SUSARs call for analysis and if  
potential safety issues are identified, 
possible action.

 5 Safety-driven actions may be as mundane 
as updating details of  the investigator’s 
brochure or relatively minor updates to 
the likelihood of  risks being disclosed to 
study participants in the informed con-
sent process. They may be as significant as 
major modifications to study inclusion or 
exclusion criteria or major adjustments to 
safety monitoring activities, such as lab 
testing or medical imaging. They may in 
some cases require halting of  enrollment 
or changing dosing of  the drug. These 
safety actions may be limited to one study, 

or even one arm of a study, but they may 
also be serious enough to impact the use 
of  the drug in any setting, including 
changes to the approved use of  an already 
marketed drug.

 5 The pharmacovigilance team of the drug 
manufacturer generally maintains a com-
plete database of safety events for the 
drug, performs analysis of similar events 
across multiple studies and usage globally, 
provides annual updates to the investiga-
tor’s brochure, and provides notifications 
or submissions to collaborators and regu-
lators as required. It is essential for any 
research with human subjects that the 
Safety/PV team communicate from the 
planning stages with their counterparts as 
all parties will have a keen interest in 
incoming safety information and related 
regulatory responsibilities. Such plans to 
share data are often worked out in detail, 
with contract-like agreements and detailed 
SOPs.

 5 Ultimately the drug may be approved for 
use based on the standard of having been 
judged safe and efficacious. A drug label is 
then prepared in a collaborative process 
including the developer, manufacturer, 
and applicable regulatory authority. The 
label explains the intended usage and 
includes a robust section on the relevant 
adverse events that have been observed. 
This information is updated as the drug is 
used by more people, further studied, used 
in different populations or for different 
purposes, or is combined in a product with 
a variety of other agents.

In this chapter, we will offer a functional defi-
nition of pharmacovigilance (PV) planning, 
implementation, and operations for a large-
scale outbreak research program. Examples 
from the response to the global COVID- 19 
Pandemic, the 2014–2016 Ebola virus out-
break in West Africa, and the 2018–2020 
Ebola outbreak in the northeastern Demo-
cratic Republic of the Congo (DRC) are based 
upon the authors’ experience.
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3  Pharmacovigilance in Action

3.1  Start with Trial Protocol Safety 
Section

Setting up a pharmacovigilance process 
always begins with the trial protocol. For 
emerging and re-emerging infectious dis-
ease (EID) emergencies, generic protocols 
that anticipate outbreaks and public health 
emergencies may have been drafted in 
advance to be adapted to specific circum-
stances when needed. Pre- outbreak proto-
cols can save time and minimize problems 
and errors by allowing for review of  as 
much as is possible without knowing the 
specific pathogen and circumstances. Once 
an EID outbreak occurs, the trial of  an 
investigational new drug against the dis-
ease can be incorporated without re- 
inventing the wheel (Sigfrid et al. 2020).

The safety section of the trial protocol 
plays a key role as a rulebook. This is espe-
cially important in an EID emergency where 
morbidity and mortality are high. On the one 
hand, patients who are potential study par-
ticipants must not be subjected to any risk 
that is not fully justified. On the other hand, in 
the absence of alternatives there may be 
demands from the population, politicians, 
and front-line medical practitioners to use 
experimental drugs more widely than is con-
sistent with the protocol, or with rigorous 
determinations of safety and efficacy 
 (Caluwaerts 2017; Schuklenk 2016; WHO 
2014a, b).

While possibly starting from a generic 
draft, the pharmacovigilance professional will 
need to craft a more detailed, thoughtful 
safety section, focusing on the actual threat at 
hand, the population most at risk, the drug 
being tested, and the environment of the 
study. For example, during the COVID-19 
pandemic it rapidly became evident that seri-
ous disease was highly correlated with both 

increased age and comorbidities that are more 
prevalent with age, for example, obesity and 
heart disease. Safety monitoring plans had to 
take these factors into account, requiring an 
accurate health history before a study drug 
was administered, both to correlate patient 
outcomes with factors predisposing them to 
severe disease and to prevent confusion 
between a pre-existing condition and a new 
safety signal.

Secondary documents such as SOPs, 
SMPs, MOPs, and diagrams showing how 
safety/PV activities flow from one stage to 
the next and from one team to another are of 
enormous help, and may well identify the 
gaps during the planning stage. The urgency 
of  developing MCMs in a pandemic must be 
balanced with the need to comply with regu-
latory requirements, which may also be sub-
ject to adjustment in an EID emergency 
(7 Chap. 6). Some flexibility is needed as any 
research program begins, as unpredicted 
events are expected. Nevertheless, practical 
adaptation must not contravene ethical or 
scientific principles. The clinical trial must 
incorporate two key roles of  pharmacovigi-
lance:

 5 Monitoring accumulating safety data in 
real time, facilitating the analysis, and 
sharing the data to help ensure that par-
ticipants volunteering for the study are 
protected from unreasonable or unneces-
sary risks.

 5 Ensuring prompt review and systematic 
follow-up with medical care providers at 
the bedside and learning from their obser-
vations to help them gather high-quality 
data, so that the emerging safety profile of 
any study interventions develops into the 
most accurate, complete, and useful infor-
mation possible.

These points apply whether the investigational 
interventions are licensed or are at the first-in-
human stage of evaluation (Phase I) with lim-
ited information on human safety.
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3.2  Protocols for Emergency 
Response

Emergency response research protocols can 
differ considerably from those written for a 
more typical research setting. For those with 
experience in emergency clinical research, 
whether among vulnerable populations with 
life-threatening diseases, or in research-naïve 
and resource-poor settings, these challenges 
may be familiar. But as the old saying has it, “If  
you’ve seen one epidemic, you’ve seen one epi-
demic”—the challenges are never entirely pre-
dictable, and meeting them is never simple. For 
those accustomed to highly regulated, resource-

rich, structured settings with established stan-
dard operating procedures, particularly for 
studies in healthy populations, expectations 
will be challenged from the outset.

It has been a century since we have seen a 
large-scale pandemic of an easily spread (air-
borne), frequently fatal disease. Sanitation and 
medical science have advanced to give us more 
tools to treat and prevent disease, but SARS-
CoV 1 and 2 viewed together present the spec-
ter of a pathogen combining the virulence of 
the former with the asymptomatic transmis-
sion of the latter. When preparing for pharma-
covigilance in EID response, one must envision 
what would be needed in that dire scenario. 

Box 1: Informed and Alert
It is essential that pharmacovigilance profes-
sionals in potential outbreak response roles 
remain alert and forward-thinking. “Peacetime” 
awareness is vital. A distant blip on the map, 
like a rat running down the cable of  a merchant 
ship in Messina in 1347, or a mysterious respi-
ratory outbreak in a city in China in late 2019, 
may all too quickly come to your neighbor-
hood. One should not only be aware of  the sci-
entific and medical background of  a situation 
but also strive to quickly understand the social, 
political, economic, and cultural factors that 
may shape the research response plan.

For response in an unfamiliar place, aware-
ness of  the local level of  trust afforded outsid-
ers is especially important for those following 
up with study participants in the community, 
since gaining trust can require subtlety, dili-
gence, and time. Unfamiliar cultural mores 
must be understood and respected. Partnerships 
must be based on mutual respect and shared 
goals. Executing a pharmacovigilance program 
in a rapidly evolving epidemic is unsettling. A 
caring attitude and poise, as with a successful 
clinician, will serve safety/PV team members 
well. The time to focus on the background 
information and principles of  PV in response 
research is before the call comes. The more best 
practices, regulations, and objectives have been 
ingrained in responders, the more they will be 
free to focus their response on the particular 

event. In an emergency, lines of  demarcation 
are blurred, resources scarce, and people under 
stress. Any tension between patient- focused 
clinical care and rigorous, scientifically focused 
research may stand out in sharp relief.

It would be convenient for outbreaks to 
occur in well-resourced areas, but this does not 
appear to be the tendency (7 Chap. 10), 
despite the counterexample of  COVID-19. 
Those providing pharmacovigilance for inves-
tigational products are likely to be outsiders. 
No matter how well- intentioned and ready to 
help, they can easily put a foot wrong on unfa-
miliar terrain. Expressing exasperation over 
inefficient or nonexistent systems for pharma-
covigilance will lead nowhere. Wide-ranging, 
mutual exchange of  information can not only 
solve immediate problems but yield secondary 
benefits, as those working together to meet 
challenges become a cohesive pharmacovigi-
lance team. Pharmacovigilance professionals, 
whose perspective and practice are rooted in 
rigorous compliance with regulatory require-
ments, will likely need to depart from their 
comfort zone. The often- overlooked “black 
box” statement at the top of  many key FDA 
guidance documents is also worth noting:

 » This guidance represents … current think-
ing on this topic.… You can use an alter-
native approach.
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Though the PV role would not change in prin-
ciple, clearly the more dangerous the disease, 
the more acceptable adverse events become in 
pursuing MCMs. For example, Ebola virus 
disease (EVD) causes so many varied serious 
adverse events that investigators need to distin-
guish those most likely attributable to the dis-
ease from those that seem noteworthy, atypical, 
or the result of a potential drug toxicity.

In the DRC PALM therapeutics trial, stick-
ing to the classical rules and definitions would 
have made the effort impossible and prevented 
the team from identifying two successful treat-
ments (Mulangu et al. 2019). Additionally, the 
high likelihood of a poor outcome worked to 
the advantage of the PV team, which could 
monitor blinded aggregate data on deaths to 
see if  numbers were at least no worse than the 
usual mortality for the disease under study. An 
experienced DSMB monitoring the unblinded 
data, comparing each investigational arm to 
the control arm, added a significant layer of 
protection. Finally, when deaths from EVD 
are frequent, it is easier to rapidly detect a 
change due to the intervention under study. 
Incidence impacts power, statistically speak-
ing. This may mean the study will require fewer 
participants to identify a statistically signifi-
cant benefit. Conversely, if  a poor outcome is 
relatively rare and the disease relatively benign, 
the incidence of severe illness should be low, 
and any drug toxicity easily and rapidly detect-
able. These factors will play out in the statisti-
cal plan for the study but will also have an 
enormous impact on the clarity, confidence, 
and speed with which a PV team may identify 
the kinds of toxicity they are looking for.

What is known about the safety of a treat-
ment candidate matters. If  a licensed drug 
(e.g., dexamethasone) is being repurposed in 
an emergency, accumulated safety data will 
inform surveillance, in contrast to a drug 
 candidate with little or no human data. 
Ultimately, regulators may be comfortable 
with relatively rapid emergency use authoriza-
tion based on data from frequent past use. 
This may safely save time and resources from 
a safety and PV perspective.

In 2020, the healthcare systems of the rich-
est nations, with the most highly developed and 
redundant clinical resources, were rapidly over-

whelmed, to the point of potential or actual 
sharing of critical care measures (ventilators) 
meant for a single patient. In the 2014–2016 
and 2018–2020 Ebola outbreaks, as in the 
COVID-19 pandemic, clinicians were pushed 
to the brink and beyond. In this situation, it is 
essential to distinguish between ethical and sci-
entific requirements that must be upheld and 
the usual procedural requirements for ensuring 
standards are met, which can be streamlined, 
waived, or completed with a delay. To ignore 
such realities and impose unreasonable stan-
dards on research activities, which add to the 
demands on clinicians, is to invite failure.

While long-term safety assessment is indis-
pensable, in 2020 the name of the game for 
many was to make it off  the ventilator, out of 
the intensive care unit, and home. A punctili-
ous adherence to procedure would not have 
helped. The FDA and other regulatory agen-
cies, often derided as rigid and bureaucratic, 
were remarkably fleet-footed and flexible in 
response to COVID-19 (Kesselheim et  al. 
2021). We suggest that studies in this situation 
be designed to fit the most urgent scientific 
need and to answer the most pressing scien-
tific questions by collecting the most essential 
data as a priority, in consultation with regula-
tors and ethical and scientific reviewers. The 
rapid development, testing, emergency use 
approval, manufacturing, and deployment of 
MCMs in 2020–2021 exemplify reasonable 
adjustment to pandemic realities.

As in other spheres of action covered in 
this volume, this in no way suggests that the 
emergency is an excuse to dispense with any of 
the protections built into the pharmacovigi-
lance system. Frequent consultation with regu-
lators and reviewers is mandatory. At the same 
time, there is more room for discretion in 
implementing the regulations, and the systems 
and entities that enforce them, than may be 
obvious (FDA 2012). The response to the 
Ebola outbreaks in West Africa and the 
2018–2020 northeastern DRC outbreak, where 
a four-arm randomized therapeutics trial was 
completed, demonstrate that scientifically rig-
orous and ethically sound research can be con-
ducted in the most challenging conditions 
(Kennedy et  al. 2017; Mulangu et  al. 2019). 
The uneven global response to COVID- 19, 
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varying widely with popular opinion and 
political circumstances as well as response 
capacity, illustrates the key challenges.

What in normal times would be a routine 
and little noted halt in a trial in response to a 
potential safety signal can become headline 
news in a pandemic. COVID-19 has high-
lighted a large and apparently growing por-
tion of the population in many if  not most 
countries that does not trust scientific infor-
mation and public health advice, especially 
when that advice is in flux. Those who stoke 
disinformation wait for opportunities to dis-
tort or fabricate news to buttress their narra-
tive. This places a huge burden on those 
conducting pharmacovigilance. They must 
not only perform their duties soundly and 
diligently, but they must also consider how to 
convey information and cannot assume confi-
dentiality is assured. Scientists and analysts 
need to be sensitive to how a malicious reader 
might misinterpret their reports. Their find-
ings should be reported to the public by expe-
rienced communicators with a sense of how 
information may be received and distorted.

Many nations where COVID-19 vaccine is 
easily available have seen sharp drops in vac-
cination rates, with the oft-cited rationale, “I 
am not sure it is safe.” Vaccine and drug skep-
ticism has been around for as long as there 
have been vaccines and drugs, but 2021 
brought this phenomenon into greater promi-
nence, and it has done severe damage to the 
COVID-19 response (Dos Santos et al. 2023). 
The very concept of shared risk and responsi-
bility, directly related to safety and pharmaco-
vigilance, has in many quarters given way to 
distorted concepts of individual rights and 
freedom. Along with widespread skepticism 
about the safety and effectiveness of the vac-
cines, freedom has become a battle cry for 
those declining vaccination or evidence-based 
treatment, with safety concerns serving as the 
rationale for noncompliance with actions for 
the common good (AlShurman et  al. 2021). 
The pharmacovigilance team must under-
stand the reality not only at the research site 
level but how to convey it to the global village.

Professionals who routinely share informa-
tion peer-to-peer, in blunt shorthand without 
fear of misinterpretation or misuse, must con-

sider how information can be deliberately dis-
torted, particularly if it is likely to get to the 
public via scientifically untrained, potentially 
biased messengers, such as bloggers, social 
media trendsetters, TV commentators, and fac-
tional opinion leaders. Safety messaging needs 
to be vetted to minimize misinterpretation.

4  Implementing 
Pharmacovigilance

4.1  Pharmacovigilance Capacity 
Assessment

The first step in building a pharmacovigilance 
process is to conduct a capacity assessment. 
Some documents useful for the assessment are 
listed below.

4.1.1  Pharmacovigilance 
Assessment Tools

Pharmacovigilance assessment tools include 
checklists, manuals, and guidebooks. 
Pharmacovigilance Indicators: A Practical 
Manual for the Assessment of 
Pharmacovigilance Systems (WHO 2015), 
based on prior experience in low-resource 
countries and reference guidelines, is (as of 
2023) awaiting updates based on the COVID-
19 experience. Answers to the checklist ques-
tions, which are aimed at elucidating existing 
pharmacovigilance capacity, are used to con-
struct a pharmacovigilance response process 
that will work in a particular emergency.

4.1.2  Safety-Related SOPs
Safety-related SOPs are basic documents map-
ping the flow of adverse events and safety data, 
from the initial observation of the event through 
analysis and regulatory reporting. Key players 
need to be identified and will themselves pro-
vide additional valuable input, particularly 
those with prior experience and in-country 
knowledge. Following adaptation to meet the 
particulars of a specific outbreak research 
response, the SOPs should become very famil-
iar to all study personnel, including those who 
will be carrying out pharmacovigilance.
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4.1.3  A Safety Reporting Flow 
Chart

A safety reporting flow chart is a graphic rep-
resentation of the SOP, protocol, and MOP 
content for safety data, critical to helping spot 
flaws, bottlenecks, and potentially dispensable 
steps that may consume precious time or 
resources (. Fig.  7). These will need to be 
customized for the specific safety team organi-
zation and requirements of the study at hand.

4.1.4  A Data and Safety Monitoring 
Board Charter

A data and safety monitoring board (DSMB) 
can be invaluable in a large-scale research 
project, particularly a randomly controlled, 
double-blinded trial, but whether it is required 
will be determined by sponsor policy and reg-
ulatory input. Should a DSMB or similar data 
monitoring committee be formed, a charter 
outlining the group’s composition and man-

date must be aligned with the statistical analy-
sis plan for the study and the work plans of 
study statisticians and the pharmacovigilance 
team. An independent DSMB lends addi-
tional validity and scientific weight to study 
activities, including safety actions, through its 
expertise, independence, and access to 
unblinded data and statistics. Such an arrange-
ment frees the pharmacovigilance team to 
perform blinded, unbiased analysis of incom-
ing safety data, particularly serious events, 
and adds a major layer of real-time subject 
protection (7 Chap. 23).

4.1.5  Transfer of Regulatory 
Obligation (TORO) Agreement

In major responses, there will be a need for a 
very rapid marshaling of resources, and this 
may require outsourcing some roles to trusted 
partners. TORO agreements make clear who 
is doing what to meet regulatory, ethical, and 

       . Fig. 7 A workflow chart for determining whether an adverse event must be reported to health authorities as an 
expedited safety report. (Adapted from NIA 2018; USG public domain)
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operational requirements during the deploy-
ment of rapid response teams to establish nec-
essary infrastructure and operations. TOROs 
may help clarify roles for in-country partners 
so a local expert can speed approvals and 
deployment of local resources. It is important 
that the sponsors remember that ultimately, 
from a regulatory, legal, ethical, and reputa-
tional perspective, they will still be held 
responsible for safety, so close oversight of 
activities undertaken under a TORO agree-
ment is mandatory, along with an audit if  nec-
essary.

4.1.6  Publications Useful 
for Pharmacovigilance 
Planning and Implementation

Pharmacovigilance is a well-established, doc-
umented, and regulated element of the 
research enterprise in any moderately devel-
oped healthcare system. Information about 
regulatory requirements in most countries is 
publicly available in databases and documents 
regularly updated by the U.S. National 
Institute of Allergy and Infectious Diseases 
(NIAID), the U.S. Office of Human Research 
Protections, the European Clinical Research 
Information Network, and WHO (Baden 
et  al. 2021; European Clinical Research 
Information Network 2023; NIAID 2023; 
OHRP 2020; WHO 2022). Country-specific 
safety reporting information included in these 
resources can be useful to quickly check on 
safety reporting requirements.

If  detailed information is not available for 
a country, as in the case of DRC during the 
2018–2020 Ebola outbreak, it can be devel-
oped during the response with in-country sub-
ject matter experts (SME). In the DRC case, 
foreign and local SMEs collaborated to com-
pile accurate regulatory information. While 
the pharmacovigilance guidelines issued by 
the FDA, the European Medicines Agency, 
and WHO, along with a few others, remain 
the global standard, local publications may be 
available to help clarify local requirements for 
many pharmacovigilance activities. Likewise, 
partners may appreciate receiving documents 
that the sponsoring organization may take for 
granted. Examples include FDA requirements 

for investigational new drug safety reporting 
(FDA 2012), for institutional review board 
(research ethics committee) operations (FDA 
2023), and widely accepted research guidance 
documents like those of the International 
Conference for Harmonisation of Technical 
Requirements for Pharmaceuticals for Human 
Use (ICH) (ICH 2016) or the Council for 
International Organizations of Medical 
Sciences (CIOMS 2016). Empty, formatted 
tables for adverse event and safety data (table 
shells) will help ensure that report contents 
match the data categories and formats needed 
by the pharmacovigilance team and DSMB. 
If  the study does not have a DSMB, the phar-
macovigilance team will find useful guidance 
in ICH guidelines on safety data manage-
ment, which are also used as guidance by both 
the FDA and EMA (EMA 1995; FDA 1995; 
ICH 1994) (. Fig. 8).

In any case, for operations away from the 
home country of the sponsoring organization 
or pharmacovigilance team, identifying in- 
country partners—ideally including pharma-
covigilance specialists—early in the project is 
essential to understand nuances that will need 
to be incorporated into an effective pharma-
covigilance program. Some countries (e.g., 
DRC) already have established pharmacovigi-
lance programs with knowledgeable staff  
(Nzolo et  al. 2019), while others may have 
only a nascent pharmacovigilance program or 
none at all (e.g., countries most affected by the 
West Africa Ebola outbreak). Whether start-
ing from scratch or with an established pro-
gram, pharmacovigilance teams can gain 
experience and become familiar with global 
practices and standards, as well as how to 
adapt them to local circumstances, during 
emergency research. One goal of research 
partnerships is to demonstrate value, share 
knowledge, and establish practices custom-
ized to local requirements so that host nation 
programs are sustainable after the emergency 
research is completed.

Establishing a pharmacovigilance working 
group at the outset of a response and meeting 
as often as needed to establish a pharmaco-
vigilance process should be a research 
response priority. Other working groups, 
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including pharmacy, data management, social 
mobilization, and clinical operations, should 
participate where issues overlap. Lines of 
authority to make safety-related decisions 
should be clear. For example, deciding if  a 
serious adverse event meets suspected unex-
pected serious adverse reaction (SUSAR) cri-
teria and whether it triggers regulatory safety 
reporting requirements might be up to an 
individual study medical monitor or may be 
decided collaboratively by the pharmacovigi-
lance working group. Beware of setting up 
overly sophisticated formal voting systems 
and criteria for determinations that speak for 
the group’s thinking; team consensus building 
and trust are likely to be not only adequate 
but easier to achieve and more reassuring to 
those acting on pharmacovigilance team 
determinations.

Emergency research stakeholders often 
include pharmaceutical companies, nongov-
ernmental organizations, multiple regulatory 
authorities, RECs/IRBs, Ministries of Health, 
WHO, the U.S. Centers for Disease Control 
and Prevention (CDC), U.S. National 
Institutes of Health (NIH), or equivalent 
institutions,2 contractors and sub-contractors, 
safety oversight boards, and others. The flow 
of safety reporting in an emergency research 
response can be complex; mapping informa-
tion flows to include all stakeholders is critical 
and should be accomplished early, subject to 
amendment as stakeholders or reporting 
requirements change. Pharmaceutical compa-
nies often have internal requirements for 
safety event reports, typically outlined in a 
clinical trials agreement (CTA). When collab-
orating with multiple pharmaceutical part-
ners on a single study, it is imperative to 
incorporate the same safety reporting require-
ments in each CTA to avoid complex, duplica-
tive reporting processes—something that 
requires flexibility from both pharmaceutical 
partners and other sponsors.

2 Such as Institut Pasteur (France), the Robert Koch 
Institute (Germany), or the National Biomedical 
Research Institute/Institut National de Recherche 
Biomédicale (DRC).

4.2  Procedure Development

In most cases, SOPs for pharmacovigilance 
need to cover, at a minimum, management 
and reporting of SAEs, unanticipated prob-
lems (UPs), pregnancy notification and out-
comes, SUSARs, and protocol deviations. In 
emergent responses, research site staff  may 
well have little or no research experience. As 
seen in 2020–21, healthcare capacity may be 
overwhelmed in areas affected by an EID 
emergency, even in resource-rich countries. 
Pharmacovigilance experts from each partner 
must provide input in the development of 
SOPs to meet the unique needs of research 
sites and maintain compliance with applicable 
laws, regulations, and guidelines of both the 
controlling jurisdiction and the sponsors. The 
pharmacovigilance team should be fully pre-
pared to have regulators review SOPs and 
assess compliance in a regulatory inspection.

The FDA and many other oversight and 
regulatory entities exercised discretion and 
provided some degree of regulatory relief  
from the strains placed on local clinical and 
research resources during the height of the 
COVID-19 pandemic. However, the degree 
and form of any such latitude cannot be fully 
predicted, and the best policy is to plan for 
compliance with all regulations as they nor-
mally exist.

SOPs and many other critical documents 
may need translation into more than one lan-
guage depending on the local linguistic land-
scape. If  documents are translated by a 
commercial translation company, in-country 
pharmacovigilance experts or others with req-
uisite medical and linguistic expertise should 
verify their accuracy. Translation of highly 
technical content can be a very specialized 
enterprise, and confusion and data shortfalls 
can result if  it is not done properly (Hanrahan 
et al. 2015).

As time and resource consuming as all 
these steps may be in the face of a major 
 outbreak, shortcuts pose a risk to the entire 
data collection endeavor and, thus, to the 
entire rationale for doing the research in the 
first place. Correcting inaccurate data once 
the study is underway—if it is possible at all—
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       . Fig. 9 Major pharmacovigilance activities. (Gagnon et al. 2012)

is likely to consume far more resources and 
time than it would have taken to set up and 
test solid procedures upfront. It is helpful to 
include concrete examples within SOPs, 
including likely issues and case studies of 
events similar to those that may occur. If  a 
narrative section is required in a case report 
form (CRF), explain what is expected and 
provide an example. The pharmacovigilance 
working group should be in close contact with 
the training, monitoring, and site staff  
(7 Chap. 42) to determine whether SOPs are 
clear and useful. A continuous feedback loop 
can help perfect SOPs. Well-translated fill-in- 
the-box templates, where appropriate, may 
reassure reporting personnel and help speed 
drafting of narrative portions of reports.

The reporting flow must ensure that all 
safety information is collected on the source 
medical record, that is, the clinical care record 
that would cover a patient not enrolled in a 
study. Study-specific information is then 
recorded on a CRF designed for the study, 
and reported and distributed per require-
ments of the sponsor, regulatory authorities, 
IRBs/RECs, safety oversight committees, and 
site investigators, and the principal 
investigator(s). Automation can ensure that 
information need not be entered twice 
(7 Chap. 35). To avoid undue complexity, it is 
important that regulatory authorities, RECs/
IRBs/ECs, and others agree on a single way of 
reporting SUSARs. There are several widely 

used options, such as MedWatch (FDA 2020) 
or the Council for International Organizations 
of Medical Sciences 1 Form (CIOMS 2019). 
If  Internet access is sufficiently reliable, using 
an electronic form can be efficient, such as the 
UK MHRA gateway or a SUSAR report 
meeting the requirements of ICH and/or the 
European Medicines Agency (EMA 2021; 
ICH 2019; Medicines and Healthcare 
Products Regulatory Authority 2020). Along 
with a single form, it is useful to agree on a 
single reporting plan common to clinical trial 
and safety data exchange agreements. 
Automated alerts from the database are a 
good way to keep key players informed of 
safety-related issues in this complex structure 
(. Fig. 9).

5  Training

Safety training for emergency research 
requires creativity, flexibility, and collabora-
tion. Training material must meet the needs of 
overworked research and clinical care staff  
with widely varying degrees of experience. 
Training in-country pharmacovigilance staff  
who know the local language(s) is optimal as 
they are most aware of cultural factors, inter-
personal interactions, and traditional atti-
tudes about health, burial customs, etc., that 
may impact safety. Local experts are also best 
placed to address sensitive issues like preg-
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nancy prevention when called for. Some of 
this information may be relevant and appro-
priate for inclusion in the protocol if  it will 
help reviewers understand the study setting 
and constraints, and if  it will help those carry-
ing out the work do so in a more informed 
and sensitive manner. Site staff, especially 
expatriates and national capital-based person-
nel, rotate in and out of research sites, also 
requiring time for regular training. A mobile 
pharmacovigilance expert and training mate-
rial with real-world examples are helpful. For 
example, it is helpful to provide examples of 
SAEs previously observed and reported dur-
ing the study, followed by discussions about 
how to identify and report these and other 
potential SAEs.

Training programs should be planned for 
rapid expansion when needed. The clinical 
research team, including pharmacovigilance, 
must be prepared for a possible surge of 
resources and infrastructure, ranging from 
medical NGOs to official health response and 
even military assistance from various coun-
tries. Coordinators, investigators, clinicians, 
and others may need rapid training to meet 
the needs of an expanded research response. 
Training should be targeted bring medical 
personnel up to speed, cover likely problem 
areas and unique elements of the research, 
and address critical safety and data integrity 
issues. In an outbreak emergency, and even 
more so in a pandemic, must-have items come 
first, and nice-to-have knowledge may need to 
be provided in a document, video, or other 
format to be absorbed as time permits.

The mechanism for delivering training is 
also important: classroom methods should 
emphasize the Q and A session at the end of 
the material, as it may well be the most valu-
able, particularly with a novice team. Having 
a pharmacovigilance expert in the sessions, 
even remotely, is also valuable. It may be 
advisable for the expert to tread carefully and 
to avoid absolute statements where reasonable 
flexibility may be essential. As an example, 
work under the very harsh circumstances of 
the 2018–2020 DRC Ebola outbreak was sub-
ject to a protocol declaration that reporting 
deadlines would be respected but could not be 
absolutely guaranteed. This flexibility proved 

to be important, for despite enormous efforts 
teams could not meet all formal timelines. If  
hard deadlines had been presented as binding, 
it could have meant reallocation of precious 
resources from the bedside to the desk, par-
ticularly in the early going.

It is important to circle back to each site 
and staff  member once the study is underway 
to assess actual performance and to correct 
misinterpretations and faulty processes early. 
Quality assurance/quality control of early 
safety data, focused queries, corrections, and 
re-training can pay off  by halting errors that 
would otherwise continue. Expect training to 
be ongoing as staff  changes occur. 
Documenting training and tracking these 
activities is required from a regulatory per-
spective (7 Chap. 42).

6  PV Data Collection and Integrity

6.1  Safety Data Collection 
in an Emergency

It is important to remember that pharmaco-
vigilance data, while primarily intended for the 
real-time protection of research study partici-
pants, will overlap with study data (endpoints) 
in many cases, and thus the data is collected in 
a single, ongoing stream and in a timely man-
ner. Once collected, the single database can be 
drawn upon by researchers and study statisti-
cians to fulfill the endpoint data need and serve 
the more immediate needs of the pharmaco-
vigilance team in optimizing real-time safety 
assessment and action if needed.

Safety data collection during a high-risk 
public health emergency may be less compre-
hensive in a context of greater willingness to 
accept relatively minor risks in the face of 
widespread mortality and serious morbidity, 
coupled with resource constraints. This can 
mean a commensurate lessening of low-grade 
event reporting and collection and a focus on 
serious adverse events and unexpected events, 
as opposed to expected and low-grade events. 
Approval from oversight bodies is still 
required for such a shift.
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The degree to which the pathophysiology 
and clinical course of the emerging condition 
are known also shape the safety data report-
ing process. In the case of Ebola, for example, 
the manifestations, course, and anticipated 
mortality of the disease may be known well 
enough to permit highly predictable symp-
toms to be collected as simply present or 
absent, without grading or severity assess-
ment. In contrast, particularly early in the 
COVID-19 pandemic, relatively little was 
known about its clinical manifestations, and 
new ones seemed to appear with alarming fre-
quency. In such cases, it is imperative to docu-
ment events in greater detail, with precise 
grading of their severity, to establish a base-
line against which any drug toxicity could be 
measured.

Data collection for safety should begin as 
soon as practicable, lest rapidly implemented 
public health measures (e.g., isolation, physi-
cal distancing, quarantine, etc.) and resource 
challenges make gathering data increasingly 
difficult over time. This difficulty may be com-
pounded in areas of instability or conflict. In 
emergency settings, research participants may 
live or work in remote areas which are difficult 
to reach or have poor communications, mak-
ing it more necessary to begin collecting 
 accurate data in a timely manner. Such hur-
dles can make identifying safety signals diffi-
cult, and pharmacovigilance teams often rely 
on independent data and safety monitoring 
boards (7 Chap. 23) to parse the data. Local 
teams and individuals were used in the DCR 
Ebola outbreak to follow up on participants 
and to collect data; they often visited partici-
pants’ homes and were invaluable in collecting 
essential data for the research.

Purpose-hired data collectors can receive 
additional data from community health work-
ers, often members of the community with 
limited to no formal medical education who 
provide patient-facing support and services 
for primary care (Hartzler et al. 2018; Miller 
et al. 2018). According to WHO, they should 
be members of the communities where they 
work, selected by the communities, answerable 
to them, and supported by the health system 
but not necessarily direct employees of the 
system. They typically have less training than 

professional health workers (Lehman and 
Sanders 2007). Community health workers 
are key personnel for pharmacovigilance and 
a useful link between the medical staff  and the 
community, helping the populace to better 
understand medical recommendations while 
conveying community concerns and facilitat-
ing the reporting of AEs to medical staff.

6.2  Pharmacovigilance in Special 
Circumstances

6.2.1  Danger
In an environment where research staff  and 
participants face personal risk, each focus 
area noted above needs to balance safety, data 
quality, and risk. Given the complexity, pace, 
staff  rotations, and possible changes of spon-
sors or other stakeholders, quality manage-
ment in such settings needs special attention. 
The northeastern DRC research response, for 
example, including the PALM study, took 
place against a background of armed civil 
conflict, mistrust of central authority among 
the populace, and hostility to Ebola response 
workers, who were identified with the authori-
ties (Nguyen 2019). This meant that locally 
recruited data collectors, who could move 
with relative freedom in the area, collected 
most of the follow-up safety data required by 
the study protocol in homes and communities 
after study participant discharge. These data 
collectors were generally new to the task, 
requiring centralized quality control to ensure 
they collected quality data.

6.2.2  Unapproved Treatments
From a safety and research perspective, the 
collection and reporting of adverse events 
that may arise from alternative and traditional 
medicines are vital to keep the safety profile 
of authorized and investigational interven-
tions clear and to help inform the public of 
adverse effects that can arise from alternative 
treatments. Self-medication, or medication 
prescribed by traditional practitioners or 
medical doctors operating outside medical 
consensus, became a major issue in all three 
of the outbreaks noted here. In the Ebola 

959
36 Safety and Pharmacovigilance in Emergency Research Response



 

virus disease outbreaks, local healers and oth-
ers encouraged the use of traditional healing 
practices and medicines. During the 
COVID- 19 outbreak, misinformation led to 
many people dosing themselves with, and 
even being prescribed, ineffective medications 
with sometimes serious consequences (Farah 
et al. 2022). Having a reporting category for 
such exposures, with details of time, dose, and 
substance is essential. In research outside the 
researchers’ home country, traditional medi-
cines may be unfamiliar to the research 
team—one among the many reasons collabo-
ration with local medical experts is necessary.

6.2.3  Investigational Product 
Quality Assurance

The transportation and storage of investiga-
tional medicinal products (IMPs) in resource- 
limited settings or under quarantine or 
conflict conditions is one of the major chal-
lenges of emergency research (7 Chaps. 
37–39). Quality problems associated with 
IMP(s) can have multiple safety implications 
that could put research participants at risk. 
Any reported problems require investigation, 
which is time-consuming for the 
 pharmacovigilance and pharmacy teams, and 
may lead to a potentially life-saving IMP 
being set aside to sort out a quality concern. 
This is best avoided by meticulous quality 
management and documentation throughout 
production, transport, storage, and adminis-
tration. In can be difficult to meet the require-
ment for the low temperatures (around −70 
°C) required for transport and storage of 
many investigational products, as well as some 
of the COVID-19 vaccines. In the DRC 
PALM study, this was still more difficult since 
each of the four products under investigation 
required a different temperature range, despite 
limited and unreliable transport, power, and 
communications.

7  Conclusions

By definition, emergency research responds to 
a crisis, a situation that needs to be brought 
under control. Social, psychological, and 

political tensions are likely to increase and 
may have a profound impact on policies and 
funding for new studies, implementation, and 
social acceptance of study results, including 
medical countermeasures. Community out-
reach and consultation on clinical trials 
becomes more essential than ever (7 Chap. 
18). Be prepared for surprises in what the 
local community may find acceptable and 
unacceptable in research conduct: community 
consultation may lead to major changes in the 
safety monitoring and reporting plan, includ-
ing events to emphasize and reports to local 
oversight bodies.

 5 PV as part of preparedness and community 
acceptance: Community response to vac-
cines, monoclonal agents, and other thera-
peutics can depend in large part on who 
provides information, how it is conveyed, 
and the prevalence of misinformation. 
Building a trustworthy drug safety and PV 
system and establishing a track record for 
transparency, public service, and reliability 
over time is necessary, though not suffi-
cient, for public acceptance of messaging 
about research and the drugs and vaccines 
that may result. Adherence to rigorous 
ethical and scientific standards in conduct-
ing research and communicating results is 
essential and should reap rewards over 
time.

 5 All timelines are shorter (at least in con-
cept) in an emergency response. Develop a 
good understanding of where major prob-
lems and risks tend to lie within your phar-
macovigilance practice and focus your 
energy on addressing them proactively, 
with an emergency in mind. For example, 
you may have a robust expedited reporting 
pathway, but it may be highly dependent 
upon technology that may not work in a 
low-resource setting. Even in a developed 
setting, resources such as Internet band-
width may be limited, and sometimes 
required adaptation during the COVID-19 
pandemic. Technology, bandwidth, and 
access issues disproportionately affect 
remote and low-income areas, as well as 
underserved populations. There are many 
places where it is imprudent to assume an 
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adequate level of Internet availability, cel-
lular or landline telephony, or even reliable 
electrical power (7 Chaps. 37 and 39); by 
no means all of them are in lower-income 
countries. At some point, pen, paper, and 
couriers may become vital tools.

 5 Focus on the key goals of pharmacovigi-
lance: Ensure that actionable safety infor-
mation is gathered in raw form, recorded, 
and evaluated, with any safety signal iden-
tified appropriately and acted upon effec-
tively. There is, for example, nothing 
magical about FDA’s 15-day standard 
timeline for IMP safety reporting—it is 
simply the timeline that the agency has 
identified and set. There may be alarming 
event reports that warrant notification and 
widespread dissemination in far less time; 
in many, perhaps most cases, reports may 
not have any impact at all from a safety 
enhancement perspective.

 5 Familiar definitions may need to be recali-
brated in the context of the emergency, 
available resources, the natural course of 
the condition under study, and other fac-
tors. Seriousness and expectedness can 
change, and it may not be possible to 
determine causality with the rigor desired. 
Events that would be dutifully reported as 
alarming in a study of healthy 20-year- 
olds may become resource-consuming 
clutter in a truly emergent research setting 
for a highly fatal disease or a global pan-
demic, even of a disease with modest fatal-
ity rates. Proper pharmacovigilance 
practices coupled with existing data will 
help ensure that signals are identified, veri-
fied, and acted upon in time to eliminate 
avoidable toxicities—but keep in mind that 
many adverse events may be acceptable in 
the absence of a less toxic alternative for a 
condition with high morbidity or mortal-
ity, just as the myriad toxicities of many 
chemotherapeutics are accepted for cancer 
therapy when the alternative is death.

 5 The balance of risks can change dramati-
cally: If  a disease has an established case 
fatality rate over 50% and several thou-
sand people are infected or has a 2% CFR 
but has infected tens of millions world-
wide, and pre-clinical or early clinical work 

suggests that the therapeutic interventions 
planned for the study are reasonably safe 
and unlikely to kill the patient, there is lit-
tle point in devoting substantial resources 
to urgently reporting deaths typical of the 
disease within the anticipated numbers. 
Aggregate data remain essential, but 
immediate case-by-case reporting of 
expected and routine events is likely to be 
impractical in a real crisis. If  subjects are 
likely to present with fulminant illness, 
there is little point, from a pharmacovigi-
lance perspective, in reporting any SAEs 
until there has been a study intervention. 
Baseline signs and symptoms will be vital 
to making sense of safety data but report-
ing it “right now” is another matter.

 5 Look critically at processes and flows in 
pharmacovigilance practice: For your oper-
ating unit, do a stress test analogous to 
those used by financial oversight bodies to 
ensure banking liquidity in the event of a 
monetary crisis. How well would you han-
dle a 50% increase in reporting volume, or 
the need to query sites frequently, or a 
major increase in required regulatory part-
ner reporting? Consider whether your 
standards for timeliness are flexible enough 
to accommodate this; whether you could 
readily get added resources or staffing, or 
what other activities might need to be put 
on the back burner. Try to ensure that 
pharmacovigilance teams are included in 
table-top and larger-scale crisis exercises 
undertaken as part of pandemic prepared-
ness planning and ensure incorporation of 
pharmacovigilance requirements into the 
resulting planning documents.

 5 Distinguish between procedural and sub-
stantive requirements: Thoroughly under-
stand the applicable regulations for your 
likely sphere of action. This includes not 
only the hard requirements, but the key 
places in guidelines and regulations where 
“should” appears rather than “will” or 
“must.” The word “should” will be your 
friend when you are at the end of your 
resources and you need to balance compli-
ance against the needs of an unstructured 
crisis, especially if  you find the time to 
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keep trial leadership and regulatory col-
leagues informed.

 5 Establish the necessary flow of vital phar-
macovigilance data to ensure rapid, accu-
rate safety signal detection, reporting, and 
action when required. The more serious 
the action contemplated, for example, 
dropping a trial arm or stopping a trial 
based on SUSARs, futility, or clearly 
shown efficacy, the more assurance of 
accuracy is required. Maintain a near- 
continuous and open line of two-way 
 communication between the pharmaco-
vigilance team and those at the bedside, 
making rapid queries and responses rou-
tine. In an unfamiliar environment, always 
include local partners on the team: this is 
not only essential for access and communi-
cations, but it also guards against the risk 
that data could suffer mistranslation or a 
“game of telephone” effect that renders 
the message received materially different 
from the one transmitted. Having PV/
safety players in country and ideally on the 
scene to observe, adjust, and validate 
safety data process and collection methods 
was invaluable in the DRC effort in 2018, 
and is always best practice, as it converts 
events into the format and language of 
PV/Safety as close to the source as possi-
ble.

Pharmacovigilance is manageable in a dire 
emergency. Collaboration, adaptability, and 
adherence to principle are the watchwords.

? Discussion Questions
 1. What is pharmacovigilance? Discuss 

the key goals of  a pharmacovigilance 
program.

 2. Participants’ safety is critical during clin-
ical research; it must be addressed when 
a drug first enters pre-clinical (pre- 
human) development and through devel-
opment, testing, and clinical studies.
 (a) Discuss the activities devoted to 

safety and players whose work on 
the safety profile overlaps to create 
intentional redundancy.

 (b) Discuss some methods of pharma-
covigilance. (Remember that these 

methods are simple, but the rules for 
collecting, analyzing, and reporting 
adverse events are complex.)

 3. Implementing a pharmacovigilance 
process begins with the trial protocol’s 
safety section, which should be drafted 
before outbreaks occur. 
Pharmacovigilance professionals 
should then craft a more detailed, 
adaptable safety section focused on the 
threat, population at risk, drug being 
tested, and study environment.

 4. What two key roles of  pharmacovigi-
lance must be incorporated into the 
safety section?

 5. Discuss how emergency response 
research protocols differ considerably 
from the norm of  a typical research set-
ting.

 6. The first step in building a pharmaco-
vigilance process is to conduct a capac-
ity assessment. What are some useful 
documents for this assessment?

 7. Discuss the factors to consider when 
developing pharmacovigilance stan-
dard operating procedures in areas 
where the healthcare capacity is over-
whelmed during an outbreak.

 8. Safety training for emergency research 
requires creativity, flexibility, and col-
laboration. Discuss how training mate-
rials and methods can meet the needs 
of  overworked research and clinical 
care staff  with widely varying degrees 
of  experience.

 9. Since gathering data during a high-risk 
public health emergency becomes 
increasingly difficult, when should 
safety data collection begin? Discuss 
the factors that may affect data collec-
tion during an outbreak, especially in 
resource-constrained environments.

 10. Emergency research responds to a cri-
sis, a situation replete with tensions, 
surprises, and dangers that must be 
brought under control. Provide some 
practical, final recommendations for 
collaboration, adaptability, and adher-
ence to principles to ensure that phar-
macovigilance can be successfully 
managed in dire emergencies.
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Learning Objectives
This chapter will help readers understand and 
describe the following:

 5 Logistics and inventory management for 
clinical research necessities during an out-
break in low-resource settings

 5 The role of the clinical research protocol 
team during an emergency clinical research 
response

 5 The roles of various agencies and organiza-
tions in getting equipment and supplies to 
where they are needed

 5 Paperwork requirements for shipping medi-
cal items

 5 Questions to be addressed for domestic 
transport

 5 Proactive steps to expedite procurement 
and transport of supplies

 5 Restrictions that may affect export of medi-
cal supplies

 5 Management of stocks and storage of ade-
quate supplies

 5 Medical waste management
 5 Employment and training of local staff

1  Introduction

Implementing a research operation in an 
infectious disease emergency means resolving 
many urgent problems quickly, especially 
where infrastructure and resources are limited 
(7 Chap. 32). And because infectious disease 
incidence often correlates with lower incomes 
and resources, clinical research managers will 
often have to cope with minimal healthcare 
infrastructure and unreliable communica-
tions, electrical power, water supply, and 
transportation—when these systems are func-
tional at all. Add to that possible shortfalls in 
central and local government capacity, along 
with potential security threats, and you have 
supply and logistical challenges that will 
demand hard work and creative thinking to 
get equipment and supplies where they need 
to be for a functional clinical research pro-
gram.

In this chapter, we explore logistics and 
inventory management (7 Chap. 38) for clini-
cal research during an outbreak in a low- 
resource setting. Roughly speaking, logistics 

lays out the steps for getting equipment and 
supplies to where they are needed when they 
are needed. Inventory management means 
ensuring that equipment functions properly 
and needed supplies are on hand to support 
the research but not in such oversupply as to 
be wasteful. The information presented here is 
based on the authors’ experience establishing 
clinical research programs urgently in many 
parts of the world.

As we have seen in the COVID-19 pan-
demic, ideas may be about the only thing not 
in short supply during an emergency research 
response to an emerging or reemerging infec-
tious disease. When promising therapeutic or 
vaccine candidates are identified, clinical tri-
als to get them licensed are an arduous and 
often fruitless process. Many medical respond-
ers used to doubt the viability of setting up 
the many moving parts of a clinical trial and 
getting them to work in a least-developed 
country during an outbreak, especially at a 
site far from the capital. Such research is now 
widely recognized as a crucial element of 
response and preparedness, and though 
COVID-19 struck the whole world and not 
just places with few resources, it has, if  any-
thing, reinforced the idea that we need to be 
prepared to carry out such research anywhere 
(Carter et al. 2018; Devi 2020; GPMB 2020; 
Thompson 2021; WHO 2021).

Our aim here is to sketch out the basic 
logistical and supply management steps for 
setting up a clinical research response in a 
low-resource environment. A number of 
related topics are mentioned in this chapter, 
with references to where they are covered 
more fully elsewhere in this section of this 
book and in other literature. Infrastructure 
shortfalls may well include paved road net-
works reaching most areas, wireless and 
cabled communications, a reliable electric 
power supply, and clean, readily available 
water. Infrastructure systems also require a 
skilled workforce to keep them running; where 
there are few such systems, there are corre-
spondingly few qualified personnel. Fragile, 
overburdened healthcare systems and scarce, 
overworked healthcare workers are very likely 
to be another of the difficulties the country 
faces. Moreover, we will surely not anticipate 
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every problem that will come up, and there is 
no substitute for managers with expertise 
both in setting up a clinical research program 
and how to get things done in the country and 
locales where the research will take place—
and a degree of problem-solving creativity.

2  First Steps: Assessment, 
Protocols, Partners, Presence, 
and Procurement

An urgent research response to an outbreak 
or epidemic must be an iterative process. 
Though neither scientific nor ethical stan-
dards can be relaxed in the name of the emer-
gency, some of the procedures that assure the 
standards are met may be pursued in parallel 
rather than in sequence (7 Chap. 31). Study 
design, site assessment, and logistical plan-
ning provide a good example of processes that 
need to happen urgently and simultaneously 
in an emergency. The assessment team travel-
ing to the site of the outbreak needs to include 
experienced infectious disease investigators 
and experts in supply chain, administration, 
and logistics. As the research needs are 
defined, likely equipment and supply needs 
must be identified, along with study site and 
systems (power, water, etc.) requirements and 
transport needs that will likely include a cold 
chain (7 Chap. 39). If  research collaborators 
have not been identified, corresponding part-
nerships should be established. The sponsor-
ing organization should maintain a local 
presence, beginning with a few staff  members 
in a hotel if  nothing else. Procurement of 
needed equipment and supplies, along with 
transport arrangements, should begin as the 
study protocol takes shape.

2.1  Research Protocol Team

The research protocol team defines the needs 
of an emergency clinical research response. 
Response may be hindered by local condi-
tions; sometimes, the research will have to 
adapt, and sometimes conditions can be 
changed. In any case, establishing a team with 

well-integrated roles is critical to sharing 
developing information that will shape the 
research response. In response to the Ebola 
outbreak that began in the Democratic 
Republic of the Congo (DRC) in August 
2018, for example, a research team was rap-
idly established with staff  members from the 
study sponsor, operations management, and 
international and local collaborators 
(Mulangu et al. 2019). The team ensured 
cross-communication among participants and 
made rapid decisions to execute plans and 
meet emergency clinical research needs effi-
ciently. This kind of collaborative effort is 
essential when protocols need frequent adjust-
ment in light of developments that affect 
timelines for receiving equipment, supplies, 
and perishable items.

2.2  Partnerships

The necessity of partnerships for an emer-
gency clinical research response is a theme 
throughout this book (7 Chaps. 18, 29, and 
30), but the need for strong partnerships is 
more acute the worse an emergency becomes. 
Civilian and military government agencies, 
international organizations, the diplomatic 
community, nongovernmental organizations 
(NGOs), regional and local governments, and 
informal community leadership bodies may 
all have roles in getting equipment and sup-
plies to where they are needed.

2.2.1  National Partner
It is virtually always necessary to have a part-
ner representing the national government of 
the country where the research will take place. 
This may be the ministry of health, national 
health research institute, or a national univer-
sity. This leading partner should play a 
coequal role in management of the research. 
The imprimatur of the national government is 
essential for legitimacy, as is an effort to build 
up local research capacity in conjunction with 
the specific research program. For supply and 
logistics, the national partner should also pro-
vide the main channel to national authorities 
for transport questions and especially for 
import and export regulations and permis-
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sions. Entry and customs or tax requirements 
can be cumbersome and lengthy and some-
times further delayed by officials seeking to 
pocket extra “fees” (NASEM 2018). High- 
level pressure may be needed to enforce expe-
ditious, duty-free entry of humanitarian 
goods.

Internal transport and security concerns, 
among others, can also be relayed through 
government channels. On the other hand, any 
consideration of close collaboration with 
national security forces, whether military or 
police, requires careful consideration of their 
effectiveness and how the populace views 
them, with the potential implications for the 
research program of such collaboration. In 
the eastern DRC during the 2018 Ebola out-
break, for example, much of the local popula-
tion viewed the national government, and 
especially the military, with hostility, and a 
widespread perception that humanitarian 
medical response organizations were allied 
with the government was a factor in violence 
directed against their facilities and personnel 
(Wells et al. 2019).

2.2.2  NGOs
Emergency research programs can form valu-
able, mutually beneficial partnerships with 
NGOs, especially humanitarian medical 
response organizations like Médecins Sans 
Frontières (MSF), the Alliance for 
International Medical Action (ALIMA), and 
International Mercy Corps (IMC). NGOs can 
provide on-the-ground response support with 
medical supplies, doctors, nurses, and techni-
cal staff. Moreover, as in the DRC, their treat-
ment centers can be the venue for critical 
research intended to mitigate morbidity and 
mortality, help end the epidemic, and lead to 
licensed treatments or vaccines (7 In Practice 
17.1 and In Focus 30.1).

Additionally, the WHO collaborates on a 
global scale during emergency responses and 
provides much needed diagnostics kits, equip-
ment, medical/laboratory supplies, and staff. 
While working as an independent entity to 
provide logistical expertise, they have also col-
laborated with partners supporting 
randomized controlled trials (RCTs) and 
other clinical studies by supplying diagnostics 

kits, assays, and personal protective equip-
ment (PPE). Major universities are frequent 
partners (e.g., the University of Massachusetts 
Amherst and its collaboration with the 
National Reference Laboratory in Liberia to 
support Lassa virus studies and the University 
of California Los Angeles and its collabora-
tion in the DRC to support Ebola and other 
infectious disease response efforts).

2.2.3  International Organizations
Frequently, international organizations, like 
the United Nations (UN) System, may assist 
in building new permanent laboratory space, 
roads, and staff  housing; connecting to elec-
tricity (via generators or solar panels) and 
water supplies; and providing critical training 
programs. These and national organizations 
may also provide expertise and information 
needed for nations to establish national public 
health systems subject matter experts, as they 
did in support of the National Public Health 
Institute of Liberia. The UN provided critical 
air support in transferring Ebola responders 
to North Kivu, DRC, accommodating equip-
ment, supplies, and staff  on weekly flights to 
the region. The WHO provided shipments of 
perishables, equipment, PPE, and investiga-
tional product on the weekly flights and also 
supported the transfer of clinical biological 
samples from field sites to biorepositories and 
national labs, maintaining cold chain 
(7 Chap. 39) and safety for transporting 
Category A, B, and C biological samples 
(WHO 2012) (. Fig. 1).

2.2.4  Local Governments
Steps should always be taken to include local 
governments in planning and implementa-
tion. This is especially true when it comes to 
administering the supply chain and managing 
inventory. Local governments in resource- 
constrained areas are often ill-equipped to 
address the needs on their own but are almost 
always willing and able to understand that 
they have the most at stake in the response. 
Clinical research responders will find that 
local governments can provide significant 
guidance in identifying local resources and 
offices of national ministries that will need to 
be engaged. For example, in response to the 
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       . Fig. 1 MONUSCO, 
the UN Mission in the 
DRC, assists with delivery 
of  medical supplies to 
Beni, North Kivu, DRC, 
during the 2018–2020 
Ebola outbreak. (Photo: 
MONUSCO/Mamadou 
Alain Coulibaly)

2018–2019 Ebola outbreak in the DRC, 
responders faced daunting logistics challenges 
moving materials via air transport within the 
country. In addition, much of the interna-
tional staff  was not permitted to travel into 
the region where the studies were being con-
ducted because of security considerations. 
During this time, the only way to move mate-
rials to the RCT sites was to utilize limited 
flight abilities available on domestic/national 
airlines and humanitarian flights. After engag-
ing with the local airport authority in North 
Kivu, a mechanism was established to pay the 
local airport access tax to facilitate transport, 
removing one obstacle.

Adjacent countries could also be helpful, 
especially where a major airport or seaport in 
a neighboring country might be closer to the 
outbreak area than the primary national 
ports. This could be instrumental in meeting 
transportation needs, moving supplies or 
equipment across borders, or establishing 
staging locations that may be closer to remote 
areas affected by the outbreak.

2.2.5  Contractors and Vendors 
with a Local Presence

Using local contractors and vendors, includ-
ing international firms with a local presence, is 
generally an advantage during an emergency 
clinical research response situation. 
Identifying resources that can be procured 

locally can expand supply chain capabilities 
and expedite urgent supply needs. 
Collaborating with entities that have a pres-
ence in and around the desired research area 
can save time on obtaining crucial resources 
for a quick emergency response. Neglecting 
the potential of local resources could result in 
unnecessary lead times, a lack of consum-
ables, and/or insufficient resources.

2.2.6  Diplomatic Representations
If  the study sponsor is a large, well-resourced 
country or a former colonial power, embassy 
staff  may be able to overcome obstacles like 
customs and tax officials’ reluctance to rap-
idly clear critical equipment and perishable 
items through ports of entry at local airports 
and facilitate prompt transportation to their 
intended destinations. This assistance may 
range from immediate clearance, in which 
supplies and equipment can be picked up as 
they are offloaded from commercial airlines, 
to clearance within a day or a few weeks. 
Diplomats may not have the capacity or con-
nections to ensure such cooperation, however, 
depending on the countries involved.

2.2.7  Friends with Airplanes, 
Warehouses, and Trucks

When working with multiple partners provid-
ing supplies, organized and well-managed 
storage facilities are even more important. For 
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a relatively large research program, multiple 
partners may provide supplies, each of them 
with its own inventory process. In this type of 
situation, coordination to establish which 
group will provide what is essential, and so is 
a central inventory management system to 
keep track of stock and ensure against inter-
ruptions. Partners that are better established 
in the country or region may have established 
supply chains into and within the country of 
operations, which can be invaluable when it 
comes to getting items to where they are 
needed when transport is tricky. Both formal 
and informal arrangements for cooperation 
among assistance actors can facilitate supply 
movements.

The UN can be very helpful in providing 
transport to humanitarian actors and supplies 
on its aircraft. In many cases, the World Food 
Programme, which leads the UN Logistics 
Cluster and operates most UN civilian air-
craft, will provide support to non-UN human-
itarian organizations (WFP 2020). In general, 
the importance of establishing good profes-
sional relations with other medical and non-
medical humanitarian responders in the 
response area cannot be overstated (IASC 
2020; Gralla and Goentzel 2018). Learning 
about each other’s supply and logistics opera-
tions and sharing whenever possible help 
build up a robust, multifaceted response to 
infectious disease emergencies, including 
those that happen amidst a disaster with a dif-
ferent proximate cause, such as famine or war.

2.2.8  Military Assistance
Military organizations can also be mobilized 
for response. They often have well-defined 
supply chains and robust transport capacity 
operated by experienced personnel. In a 
number of  fragile states, such as Liberia and 
the DRC, UN military missions are already 
present for peacekeeping operations (UN 
2021). In other cases, foreign troops, often 
from a former colonial power, will have bases 
in such countries. Exceptionally, as during 
the 2014–2016 West Africa Ebola epidemic, 
foreign military units may arrive to help with 
response (Kamradt-Scott et al. 2016; Lu et al. 
2016; Nevin and Anderson 2016). 
Additionally, multicountry, loosely formed 

coalitions aimed at the common goal may be 
established. Military forces may provide 
diagnostic equipment, PPE, and medical 
staff  during an outbreak, either indepen-
dently or in collaboration with other national 
and international organizations. However, 
not all military forces are as capable. For 
example, during the 2014–2016 Ebola out-
break in Sierra Leone, the Chinese military 
provided a humanitarian response, but, as 
they did not have an overseas logistics chain, 
critical supplies had to be shipped well in 
advance to meet the rapid response need (Lu 
et al. 2016).

2.3  Procurement

Whether through a formalized supply chain 
software system or an Excel sheet with perti-
nent data filters, a strong tracking system is 
needed for procurement success. Consider uti-
lizing a SharePoint or cloud environment for 
remote file access by project staff. Categorizing 
functional areas for purchases (e.g., labora-
tory, pharmacy, clinic) can help create supply 
lists for historical reference and future orders. 
Vendors located near the emergency location 
should be considered first if  availability and/
or timelines are confirmed as shorter than 
vendors in other areas. However, it is impor-
tant to verify that nearby vendors, especially 
those that may have less experience, can fulfill 
their promises and must always be prepared 
with a backup plan for critical supplies. 
Purchase and direct shipments from known 
and reliable manufacturers can be a solid 
solution to ensure the timely receipt of sup-
plies and equipment. If  at all possible, single 
purchases beyond a specified dollar amount 
(e.g., more than $5000) should include obtain-
ing three quotations to properly review 
options, availability, timelines, and cost. 
Vendors providing high-value equipment 
(e.g., laboratory analyzers, low-temp freezers, 
etc.) should also commit to servicing the 
equipment when necessary. If  in the event 
equipment warranties are not available, or 
invalid in the region of operation, alternative 
maintenance and upkeep mechanisms need to 
be implemented.
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3  Export and Import 
Requirements

Proper research is necessary to ensure compli-
ance with all domestic and international 
import and export requirements. In many 
developing countries, items being imported 
for medical response, including research, may 
be covered by special bilateral or multilateral 
agreements that exempt goods from the usual 
import taxes and fees. This is a complex area 
of international tax cooperation under con-
tinued discussion—yet another reason to 
bring in knowledgeable local partners (UN 
2020).

3.1  Export Restrictions

Many countries instituted temporary export 
restrictions on medical supplies during the 
COVID-19 pandemic—a measure that may 
have been counterproductive to the goal of 
ending the pandemic and contrary to the 
spirit if  not the letter of the binding 
International Health Regulations (2005), 
which are meant to deter unilateral actions by 
WHO member states that hinder worldwide 
infectious disease response (IMF 2020; WHO 
2016). While the European Union (EU), for 
example, exempted products going to pan-
demic and humanitarian response from 
restrictions (EC 2020), such restrictions could 
still delay supplies needed for a research 
response until a waiver is granted.

Longer-standing export restrictions are 
based on controls designed to prevent exports 
of technology—both hardware and soft-
ware—that could assist certain states or non-
state actors in developing weapons, including 
biological weapons. These restrictions include 
UN and EU embargoes on certain countries, 
the U.S. export control system, and multilat-
eral export control regimes including the 
Australia Group, the Missile Technology 
Control Regime, the Nuclear Suppliers 
Group, and the Wassenaar Arrangement 
(Bromley and Maletta 2018; U.S.  Dept. of 
State 2011). Such restrictions would be most 
likely to affect computer hardware and soft-
ware needed for program implementation, 

possibly including medical equipment and 
software. The freight forwarder is your first 
point of inquiry, and the manufacturer or 
supplier should also know of relevant export 
controls.

3.2  Documentation

Proper shipping paperwork must be prepared 
for each shipment. This is primarily the 
responsibility of the freight forwarder, but 
project managers will need to supply informa-
tion and double-check documentation. 
Minimal requirements include an air waybill, 
a commercial invoice, and applicable customs 
declarations. A “pallet list” or spreadsheet 
identifying the contents of each container or 
pallet to facilitate inspection at the port of 
entry and inventory by the recipient is also a 
must. Shipping paperwork should be provided 
as soon as available to all interested parties, 
including the consignee and those handling 
the entry clearance and delivery of the ship-
ment. The project team should determine 
country-specific import regulations and docu-
mentation in collaboration with the freight 
forwarder and in-country import experts and 
program staff. Shipments sent to and from 
multiple states will have to meet import-export 
requirements for all of them. It may be useful 
to include a statement on the invoice and con-
tainer or packaging:

 » No cost medical supplies disclaimer: Human 
Medical Welfare. No commercial value. 
Supplied free of  charge. Not for sale or 
resale.

3.3  Customs, Duties, Inspections, 
Clearances, and Waivers

Customs brokers are generally available 
through the freight forwarder and are an 
option for paying customs fees and duties, 
clearing the shipment, and delivering it to the 
consignee. The clearing agent will advise 
whether to send the shipment door-to-door or 
door-to-airport. There should be an agree-
ment in place with the host government that 
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humanitarian response supplies will enter 
duty-free and not subject to national or local 
taxes or fees.

4  Transport

Successful shipment of goods, especially 
goods urgently needed where transport links 
are few, requires a dedicated and detail- 
oriented team ready to intervene day or night 
to find another flight, get a shipment cleared 
through customs, or find a truck to replace 
one that has broken down. Murphy’s law 
applies—if it can go wrong, it will. Success 
depends on anticipating the unknown and 
openness to alternative solutions. The pallets 
sitting on the tarmac at airports across the 
world could be holding critical supplies, 
including investigational products and labora-
tory reagents that must be kept cold, that were 
desperately needed yesterday but are not mov-
ing. Even when one makes every effort to 
research, schedule, and plan the first shipment 
for an urgent project, one may find oneself  in 
the situation of one of the authors, learning 
while preparing hors d’oeuvres for a Christmas 
Eve gathering that the special chartered air-
plane “guaranteed” to arrive by a critical 
deadline has been canceled. Finding a trans-
portation solution may require many phone 
calls and other communications, even during 
holidays. Be sure to have a hands-free 
 telephone option so as to continue your prep-
arations—but be sure to answer the phone, no 
matter how inconvenient.

4.1  International Transport

4.1.1  Identifying a Freight 
Forwarder

A freight forwarder is a logistics company that 
handles much of the work of ensuring that 
shipments move to the right place on time. In 
the official definition of the international 
trade association FIATA (2017):

 » Freight Forwarding and Logistic Services 
means services of  any kind relating to the 
carriage … consolidation, storage, han-

dling, packing or distribution of  the 
Goods as well as ancillary and advisory 
services … including but not limited to 
customs and fiscal matters, declaring the 
Goods for official purposes, procuring 
insurance of  the Goods and collecting or 
procuring payment or documents relating 
to the Goods.

Even with professional help, getting the spe-
cialized goods needed for a research pro-
gram quickly to locations poorly served by 
commercial transportation is not simple, so 
identifying a reliable freight forwarder 
should begin early. Key criteria include a 
proven track record in international and 
domestic shipping, as well as experience with 
cold chains and established contacts and 
resources at all points of  the shipping route. 
Initial discussions could start with estimated 
shipping weights, dimensions, and deadlines 
to seek comparative pricing and perfor-
mance estimates. Perhaps more important is 
the reputation of  the firm among its custom-
ers and competitors; medical NGOs and 
relief  groups operating in remote areas 
might be able to provide useful recommen-
dations.

Special items like heavy equipment, vac-
cines, and biological samples could require 
the expertise of more than one company. The 
freight forwarder should assist with identify-
ing potential issues with aircraft reliability, 
expedited service for cold-chain shipments, 
entry permission issues (e.g., missing clear-
ance documents, lack of donation letters), etc. 
Emergency response locations can present 
many challenges. You can never ask too many 
questions, but a good freight forwarder should 
be able to answer or find out the answer to 
most of them:

 5 Do they have experience with shipping 
biological samples?

 5 Do they have experience with −70 °C cold 
chain?

 5 What steps do they take to ensure cold- 
chain maintenance?

 5 What insurance do shipments have?
 5 What happens when a shipment is lost?
 5 What happens when there are delays dur-

ing transit?
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 5 Is the freight forwarder conversant with 
the documentation requirements of the 
receiving country? How would it learn if  
those requirements change?

 5 Is there adequate storage space or a stag-
ing area, including cold storage, in their 
facility to handle the shipments that need 
to be transported?

 5 Does the firm have an export requirements 
expert?

4.1.2  Identifying the Destination
The formal shipping consignee should be des-
ignated carefully. This will dictate, among 
other things, whether a shipment will be sent 
door-to-door or door-to-airport, which can 
have implications for who pays port clearance 
fees, duties, and/or taxes. If  a shipment is 
going to an international capital, it may be 
beneficial to use the in-country embassy 
address of the sponsoring country, with the 
embassy’s agreement if  permissible under 
local and international law. Having a national 
government partner is essential to making this 
kind of arrangement, and embassy involve-
ment may be important for seeing the agree-
ment is fulfilled. With an official agreement, 
shipments can be sent door-to-door to a spon-
sor country embassy or assistance mission 
location customs and duty-free. It is impor-
tant to check on this alternative when working 
from other countries as well.

4.1.3  Air Transport: Cargo Flights 
vs. Commercial Passenger

In an emergency clinical research response 
start-up, it is often necessary to handle air 
shipment pallets or containers that must hold 
the goods inside at specified internal tempera-
tures until delivery. Cold-chain packaging cal-
culations must be carried out by someone who 
knows the subject well, especially when scarce, 
costly investigational new products are at 
stake. Sufficient allowance in these calcula-
tions must be built in to allow for potential 
shipment delays. However, these additional 
allowances add to the bulk and expense that 
the extra insulation or active refrigeration 

would add to the shipment (7 Chap. 39). 
Cargo-only flights are best for moving high 
volumes of supplies quickly and reliably, since 
cargo on passenger aircraft takes second pri-
ority to passengers and their baggage and can 
be bumped off  one or more flights before it 
reaches the destination.

It may be possible or necessary to charter 
an aircraft, especially when there is a large 
volume of goods for initial delivery to set up a 
response operation. However, this is an expen-
sive option. In an infectious disease or human-
itarian emergency, there may be opportunities 
to charter aircraft jointly with other response 
organizations (IASC 2020). In some cases, 
there may even be military flights transporting 
supplies to the capital cities, such as those the 
German, UK, and U.S. militaries provided 
during the 2014–2016 Ebola epidemic in West 
Africa—although these may be less flexible 
than commercial alternatives and can engen-
der public misunderstanding (De Waal 2014).

4.1.4  Surface Shipments
Air freight, whether by cargo or commercial 
passenger aircraft, is both faster and more 
expensive than surface options. There are also 
size and weight constraints on air shipments. 
Although all standard medical equipment 
and even vehicles can be accommodated on 
cargo aircraft, very large items and vehicles 
can be sent much more economically by ship, 
truck, or train if  time, geography, and facili-
ties allow. Special opportunities may arise 
during a large-scale, international response, as 
when the Royal Dutch Navy twice dispatched 
HNLMS Karel Doorman, a multifunction 
support vessel, to West Africa with supplies 
for the Ebola response in 2014 (EU ECHO 
2014).

Scheduled maritime shipments are billed 
by shipping container units, so research pro-
gram managers should take care to use con-
tainer space efficiently and try to fill each 
container with items that will be useful to the 
project. For example, if  the operation is ship-
ping oversize equipment by sea, supplies cur-
rently being sent by air can be added to a 
container in order to fill it. International 
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ground transportation by rail or truck is also 
less expensive than air but depends on geogra-
phy and rail or road networks; trucks are par-
ticularly vulnerable in high-threat locations. 
Road shipment options need to be thoroughly 
reviewed, as road conditions, seasonal varia-
tions, security, driver skills, and availability of 
fuel must all be considered.

4.1.5  Passenger Baggage
Where shipping options are limited or time-
lines unworkable—especially in disasters or 
conflicts when transport links may be cut 
off—project team members may be asked to 
hand carry or check essential items in their 
passenger luggage. This will require confirma-
tion that the items—which may require spe-
cial packaging—are nonhazardous and 
permitted on passenger aircraft. The traveler 
should have sufficient documentation of the 
contents, purpose, and destination of the lug-
gage and should be met at the port of arrival 
by team officials or leadership personnel to 
facilitate customs clearance. This is a great 
option when there is an urgent need to get 
supplies to sites quickly, as there are fewer 
hurdles than with cargo shipments and poten-
tial delays.

4.2  Domestic Transportation

4.2.1  Security
Although some shipments may be lost or sto-
len during international transit, the focus of 
security concerns will be domestic movement 
in the country of destination. Civil conflict, 
underlying discontent, banditry on the roads, 
and theft from storage sites are all possible. 
Transportation security needs may affect how 
items are shipped—for example, managers 
may decide to hire an armed escort or accept 
a government security escort for a convoy of 
trucks. Any decision about such matters 
should go to the principal investigator and the 
senior management team, since associating 
the research program with an armed force, 
especially a government one, may give rise to 
misperceptions among the local populace in 
many situations (Ilunga Kalenga et al. 2019). 
National government contacts must of course 
be consulted as well, whether or not govern-
ment forces will be involved (7 Chap. 41) 
(. Fig. 2).

4.2.2  Modes of Transport
Trucks (lorries) of various sizes and configu-
rations and sport utility vehicles (four by 
fours) are commonly used to transport incom-

       . Fig. 2 Road transport can be dangerous, especially in areas of  civil conflict. (Photo: MONUSCO-Force)
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ing shipments from air or seaports. The type 
of vehicle generally used in country may be 
hired locally as long as the company provid-
ing service is favorably known to research 
partners. Experience has taught us to consult 
with the U.S. Embassy in selecting approved 
vendors for transporting shipments to remote 
locations. If  shipments must leave major cities 
for remote locations, however, a number of 
additional questions should be considered. 
Not all of those listed below will be essential 
for relatively short trips.

 5 How far is it? How long should it take?
 5 What are the road conditions?

 – Are there up-to-date reports on the con-
ditions of the route?

 – Paved, gravel, unimproved?
 – Passable during all seasons?
 – Accident frequency on road?

 5 What vehicles are proposed?
 – Can they handle the terrain?
 – Are the drivers experienced and quali-

fied?
 – How many vehicles will be traveling 

together?
 – Is there enough redundancy to get the 

shipment through if  one breaks down?
 – What assistance can the convoy provide, 

e.g., repairs, spare parts and tires, tow-
ing, winches, etc.?

 – Do the vehicles have reliable, tested 
communications?

 – Have the vehicles been inspected before 
departure?

 – Are all vehicles and cargoes well within 
their stated load limits?

 5 What assistance (mechanics, tires, fuel) is 
available en route?

 5 What is the security situation?
 – Are there checkpoints or other security 

challenges along the route that need to 
be considered?

 5 Are there biological or other potentially 
hazardous items on board?

 – Is there a mitigation plan in case of an 
accident or spill?

 – What laws govern hazardous spills?
 5 Has insurance coverage been carefully 

considered and decisions confirmed by the 
management team (7 In Focus 32.2)?

 5 Are shipments packaged properly for the 
potential road conditions?
 – Is there a safety margin for cold-chain 

items (7 Chap. 39)?
 – Is sensitive equipment well protected?

Roads can be unpredictable and sometimes 
impassible, particularly when it comes to 
remote and underserved areas of  least devel-
oped countries. Alternative routes should be 
sought and mapped out if  available. The like-
lihood of  seasonal weather conditions lead-
ing to flooding, washouts, or wildfires must 
be considered—even earthquakes can prove a 
hazard, albeit one impossible to predict. 
Alternative means of  transportation (water 
or air) should be considered if  available. 
Skillful inventory management that takes 
predictable events like the rainy season into 
account will help obviate the need for extraor-
dinary measures. Still, civil strife or rainy sea-
son washouts may mean that only rugged 
cargo aircraft, helicopters, or in a few cases 
watercraft remain as potential transport 
options. Air cargo is expensive, especially if  
chartered, and may be hard to hire. Helicop-
ters are expensive and may not be a viable 
option outside extreme emergencies unless 
provided by the national government or mili-
tary, the UN, or a military assistance opera-
tion. The UN Humanitarian Air Service, 
operated by the World Food Programme, 
provides access to humanitarian organiza-
tions in disaster situations (UN Logistics 
Cluster 2020; WFP 2021) and may be helpful. 
Water transport would be an unusual option 
in an infectious disease emergency but could 
be useful in some locations (. Fig. 3).
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       . Fig. 3 It’s not always 
easy getting around 
during the rainy season. 
(Photo: PREVAIL 
Research Team)

5  Supply and Equipment 
Management

5.1  Storage

Adequate supplies, stock confirmation, regu-
lar stock taking, and inventory management 
are all essential to a well-functioning research 
effort (7 Chap. 38). A likely configuration is a 
centralized storage facility supporting multi-
ple research sites; both central and peripheral 
sites will have dedicated areas and equipment 
for general medical supply, laboratory, and 
pharmacy storage. Establishing a central stor-
age site facilitates consolidated supply 
requests and sharing similar research consum-
ables. Study needs, space availability, and 
funding support will determine if  a new facil-
ity must be built or if  an existing structure can 
be used or renovated. Considerations should 
be made for space needed, truck or forklift 
access, refrigerator/freezer space, electrical 
requirements, and redundancy for cold stor-
age (e.g., vaccine, reagents). With an adequate 
statement of work, local contractors can be 
used to do the work, though there should be 
close supervision to ensure work need not be 
redone. All contractors should have prior 

work referrals to ensure they have sufficient 
knowledge of the required construction/reno-
vation elements (. Figs. 4 and 5).

Attention to the storage requirements of 
all goods, especially temperature control and 
theft prevention, is essential. Investigational 
new drugs (IND), the lifeblood of a study, 
must often be stored at −70 °C; other medi-
cines or vaccines may need to be refrigerated 
2–8 °C but never frozen, while yet others may 
need to be at room temperature—which 
means an air-conditioned storage space. These 
requirements are covered in cold chain, but 
the supply manager and staff  are one of the 
multiple layers of assurance that these items 
are put in the right place and kept in the right 
conditions. IND are of incalculable value as a 
scarce, potentially lifesaving commodity, 
which could be rendered useless simply by 
being left out on a shelf  for a few minutes.

5.2  Inventory Management

At each site and facility, parallel practices and 
methods must be followed for supply manage-
ment. Regular stock taking and calibration 
with current and projected “burn” or usage 
rates are fundamental to ensuring the study 
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       . Fig. 4 Supply 
warehouse supporting 
multiple clinical research 
studies in Monrovia, 
Liberia. Photo taken in 
April 2022 at the AM 
Dogliotti Campus at the 
University of  Liberia. 
(Photo: Clinical Research 
Team, Liberia)

       . Fig. 5 A liquid nitrogen storage tank and three 
freezers at the Liberia Institute for Biomedical Research. 
Photo taken in April 2022. (Photo: Clinical Research 
team, Liberia/authors are members of  the team)

has the supplies it needs. Burn rates continu-
ally change and should be frequently reevalu-
ated in order to establish minimum quantities 
needed on hand in accordance with supply 
chain time requirements. Studying the proto-
col timelines, along with expected and actual 

study enrollment, will help determine the 
quantity of supplies that should always be 
available. The number of technicians and other 
workers at each site will help determine the 
amount of PPE needed. At each site, sufficient 
supplies must be available for daily activities, 
plus adequate stock to cover the site until new 
inventory arrives. The minimum amounts can 
change over time, so regular analysis may be 
necessary to meet changing demand.

Taking advantage of shipping opportuni-
ties—like extra space in a container—may jus-
tify ordering larger supply quantities than one 
would in other situations, since the savings on 
shipping costs can be considerable. A supply 
shortfall, even of seemingly minor items, can 
be very detrimental and even bring a clinical 
trial to a halt. An analogous example from the 
COVID-19 pandemic has been the shortage 
of long swabs bringing testing to a halt in 
some cases (Herper 2020).

In addition to usage rates, expiration dates 
must be taken into account to calculate supply 
needs. A good understanding of expiration 
dates and shelf life will help procurement man-
agers get a supply order right: items with short 
shelf lives should be kept in smaller quantities 
so they do not expire before use, while items 
with longer shelf lives can be kept in larger 
quantities because there is less of a risk that 
they will not be used in time. Another impor-
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       . Fig. 6 Medical supplies organized and labeled for 
inventory at CH Rennie Hospital, Kakata, Liberia. 
Photo taken in April 2022. (Photo: Clinical Research 
team, Liberia)

tant aspect to consider is how long it takes for 
an item to be received at a storage site. If an 
item needs to be procured overseas, shipping, 
customs clearance, and transport to the site 
could take a few weeks to deliver it to the place 
of use. Managers will need to balance expira-
tion dates with the need to have enough stock 
on hand and prolonged transportation time-
lines. It may be necessary to communicate with 
the supplier to ensure they are not shipping 
items that are close to their expiration dates. 
First-in, first-out policies and systems are a 
basic principle in many contexts and are essen-
tial to ensure reagents and other supplies with 
relatively short shelf lives do not expire before 
use. As items come into a site, they should be 
placed behind items that are already there, 
making it natural for staff to take out the sup-
ply that has been stored the longest (. Fig. 6).

Even with essential risk mitigation policies in 
place, mistakes will happen, and there must be a 
way to correct them, for example, by asking trav-
eling colleagues to hand carry critical reagents 
and supplies. Possibly there are medical NGOs 
or other missions in the field that could lend 
supplies until a shipment arrives. Be prepared to 
reciprocate. A note of caution is to ensure that 
the critical reagents and supplies that a colleague 

is carrying is approved by regulation and by the 
airline prior to boarding the airplane.

5.3  Requisition System

A standardized process for ordering, approv-
als, scheduling, tracking, and receiving all 
materials, supplies, and equipment purchased 
during an emergency clinical research 
response is essential for good management 
and for final reporting on the clinical research 
program. The requisition system must also 
ensure budget availability for all items and 
services ordered. Normally the project’s chief  
financial officer or chief  operating officer 
would approve all significant expenditures in 
advance. Although some decisions will have 
to be left to staff—emergency vehicle repair is 
one example—that expense should be incor-
porated into the accounting system as soon as 
possible. Common consumables and quanti-
ties should be harmonized to avoid over 
ordering and duplication. Timelines should 
be established to prioritize orders, considering 
long lead teams and evaluating possible alter-
natives. Location and sufficient space for ship-
ment staging and storage should also be 
determined and may include direct shipments 
to the freight forwarder or site locations.

5.4  Equipment Maintenance

Regular maintenance is crucial to ensuring all 
equipment is performing at its best. Following 
maintenance schedules will help ensure that 
any issues are minimized. Skipping normal 
equipment maintenance can shorten the lifes-
pan of the equipment, resulting in a need to 
purchase new equipment more often. A study 
can also be negatively affected if  critical 
equipment malfunctions.

Maintenance and calibration are critical 
necessities when working with dangerous 
pathogens. Certification for biosafety cabinets 
must be obtained yearly, or whenever the bio-
safety cabinet is moved. Depending on the 
area where the biosafety cabinet is located, 
technicians who are trained on these types of 
certifications may not be available. In these 
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       . Fig. 7 An automated sample processor at the Libe-
ria Institute for Biomedical Research requires regular 
maintenance. Photo taken in April 2022. (Photo: Clini-
cal Research team, Liberia/authors are members of  the 
team)

instances, outside companies can be brought 
in to decontaminate and provide certifica-
tions. Often the same companies can recertify 
biosafety cabinets that have malfunctioned if  
needed (. Fig. 7).

When selecting equipment, choose items 
that are rated for the climate that they will be 
placed in. If available, select a tropical-rated 
freezer that has been built to withstand extreme 
heat and humidity over a freezer that is best 
suited for a more temperate environment. The 
procurement team should develop early plans 
and procedures for contacting local or interna-
tional on-call vendors capable of quickly trou-
bleshooting and repairing expensive, essential, 
and highly complex equipment. Ensure that 
the air conditioning units operating in the lab-
oratory are routinely maintained.

5.5  Backup Requirements 
and Redundancies

In an ideal setting, all equipment would be 
placed in a facility with little risk of electrical 
surges or power outages. The environment 
would be clean and free of dust, maintenance 

would be performed regularly, and tempera-
tures would be regulated and optimal for all 
equipment. In reality, studies take place in 
varied locations and environments, including 
those characterized by extreme heat, oppres-
sive humidity, frequent electrical surges, and 
less than ideal maintenance standards. 
Extreme temperatures and humidity can 
wreak havoc on freezers, refrigerators, and 
other pieces of equipment. As mentioned pre-
viously, power surges can ruin electrical com-
ponents. A backup plan and processes need to 
be established if  a piece of equipment mal-
functions or breaks down. Risk mitigation 
strategies for this scenario and others should 
always be built into planning and operations.

If a freezer storing study samples stops 
working, for example, what is the plan? Having 
a backup freezer in place that can be plugged 
in, brought to the correct temperature, and 
made available to transfer samples to is one 
option. Because it would take time to bring the 
new freezer to the proper temperature, per-
haps it needs to be kept running. Protocols 
also need to be in place so staff members know 
what to do before and during such situations. 
The team needs to understand how long the 
malfunctioning freezer can hold its contents at 
the required temperature and the length of 
time it takes for the backup freezer to reach 
that temperature. Other questions to consider 
include the following: is there another freezer 
that is already plugged in and at the correct 
temperature, and could this freezer be used to 
store samples while the backup freezer is being 
plugged in and brought to the correct temper-
ature? How are temperatures and freezer func-
tions tracked outside of normal work hours, 
and what are the alert mechanisms to ensure 
human intervention for when there is an issue?

If a diagnostic instrument breaks down, 
malfunctions, or fails a calibration check, how 
quickly can it be repaired, or how quickly can a 
new instrument be brought in? If any down-
time is detrimental to a study, adequate backup 
equipment is necessary. Prior to a study com-
mencing, a list of required equipment and 
quantities should be prepared. A plan should 
also be developed to address equipment failure.

The amount of redundant (backup) equip-
ment needed at a study site should be based 
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on study activities, equipment availability, 
shipping arrival times, storage space, and 
study urgency. For example, if  a PCR instru-
ment stops working in the middle of an out-
break situation, it would be considered an 
urgent item, so immediate replacement would 
be necessary. However, if  the item is used for 
downstream sample analysis that is not as 
urgent, immediate replacement would not be 
necessary.

5.6  Resupply Considerations

When establishing supply reordering points/
stock alerts, it is critical to consider the time it 
takes to place an order, plus the time it takes to 
bring items into the country. Understanding 
this timeline will aid in establishing minimum 
supply amounts needed at sites in order to 
avoid study interruptions. For example, if  it 
takes 1 week to order instrument controls and 
then takes 4–6  weeks for that item to be 
received at the site location, the supply reor-
dering point/stock alert should be set to a min-
imum of a 7-week supply. This would allow 
adequate time for the material to be received in 
country without study interruption.

Various sociopolitical factors can cause 
 disruptions and result in resupply issues. It is 
imperative to have a solid understanding of 
the sociopolitical landscape where a study is 
taking place. Elections, demonstrations, and 
holidays may shut down roads and facilities 
for days at a time. If  you anticipate running 
out of supplies during an election, you might 
consider ordering a larger quantity before-
hand to avoid any delays in getting extra sup-
plies in country. Additionally, civil unrest in 
some regions may lead to damage or loss of 
equipment and supplies. Having a contin-
gency plan if  this occurs, such as having extra 
supplies stored in another location, will help 
ensure the study is not delayed.

5.7  Waste Management

When conducting emergency response clinical 
research, the waste generated must be man-
aged appropriately. Local regulations for dis-

posing of medical and chemical waste should 
be considered. It is essential to understand 
how waste needs to be treated and handled in 
order to protect workers in the facility and the 
community around the facility. These pro-
cesses should be established and well under-
stood before beginning any emergency 
response research. In the likely event that 
local regulations are inadequate or hard to 
comply with, treatment and disposal should 
follow appropriate waste management guide-
lines, for example, those published by WHO 
(2014) and the International Committee of 
the Red Cross (ICRC) (2011) (. Fig. 8).

Biohazardous and medical waste can be 
treated either chemically or thermally. If  pos-
sible, all liquid waste potentially containing 
infectious agents should be chemically treated 
as soon as possible, following proper proce-
dures and preparations of the chemical being 
used for treatment. For example, if  sodium 
hypochlorite (bleach) is used to chemically 
disinfect, it needs to be at the proper concen-
tration to be effective, and it needs to have 
appropriate contact time with the waste to 
ensure complete inactivation of any infectious 
agents. No matter the chemical disinfectant 
being used, proper procedures for prepara-
tions, storage, and use must be strictly fol-
lowed.

If  chemical disinfection is not a possibility 
or is not adequate for the waste, other tech-
niques should be used to ensure waste is prop-
erly managed. Another technique is thermal 
treatment, such as incinerating or autoclaving 

       . Fig. 8 Unmanaged waste. Photo taken in October 
2015, Forécariah, Guinea. (Photo: Clinical Research 
team, Guinea/authors are members of  the team)
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       . Fig. 9 An incinerator constructed at the Liberia 
Institute for Biomedical Research, Charlesville, Liberia. 
Photo taken in April 2022. (Photo: Clinical Research 
team, Liberia/authors are members of  the team)

the waste. Chemical and thermal disinfection 
should be used in combination whenever pos-
sible. Staff  members who are responsible for 
this process must be properly trained to han-
dle the hazards and confirm that disinfection 
was successful. Training in these processes is 
essential, considering that the materials these 
staff  members are handling could be grossly 
contaminated with an infectious agent. 
Additionally, if  it is necessary to transport 
waste to the area where the thermal treatment 
will occur, the waste must be packaged appro-
priately to prevent accidental exposure and/or 
release. At a minimum, biohazardous waste 
should be sealed in biohazard waste bags 
(hard-sided boxes or cases are essential if  
there is potential for puncture) prior to trans-
port (. Fig. 9).

5.8  The Value of a Logistician

Logisticians analyze and coordinate supply 
chain and equipment management needs 
across an organization and projects. They 
manage the entire life cycle of a product, 
which includes how a product is sourced, 
acquired, delivered, set up, and maintained 
and its final disposition at the end of its life.

Supply chains are complex and sensitive as 
they depend on ever-changing customer and 
project/study demands. Implementing a 
research operation in an infectious disease 
emergency requires sophisticated logistics. 

The logistician uses a specialized set of knowl-
edge, experience, professional management 
skills, and software systems designed specifi-
cally to manage logistical functions, to plan 
and coordinate the procurement, inventory 
management, and movement of products in a 
timely, safe, and effective manner. This man-
agement function facilitates the transport and 
delivery of supplies and investigational prod-
ucts to the right location at the needed time, 
decreasing (if  not eliminating) waste of mate-
rials and time, thereby improving the quality 
and efficiency of clinical research projects.

Furthermore, the logistician has the neces-
sary skills to ensure all aspects of supply man-
agement operations are coordinated. This 
involves planning, systems implementation, 
training, coordinating, and evaluating the 
actions required to support complex opera-
tions. Where resources and infrastructure are 
limited, this entails advising on the acquisition, 
shipment, tracking, storage, use, maintenance, 
and disposition of equipment and supplies, to 
support an evolving clinical research program.

6  Local Staff Requirements

The amount and sophistication of labor 
required when manipulating materials trans-
fer is directly proportionate to the sensitivity 
of materials. In resource-constrained regions, 
there are specific opportunities to hire local 
staff  that can assist in several ways (7 Chap. 
42). In some areas, there may be an oversup-
ply of educated workers. In other, more 
remote regions of a country, the population 
may have had little access to education. In 
some areas, then, high numbers of unem-
ployed workers with strong skills may be 
available; in others, such workers may have to 
be brought in from another part of the coun-
try or from outside.

Unskilled local temporary labor is rarely 
in short supply. When faced with a need to 
offload study supplies, such as PPE, gloves, 
beds, office supplies, and other nonspecialized 
equipment, this can be done relatively inex-
pensively and with little oversight. However, 
clinical research responders should take more 
care with more specialized equipment. For 
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example, sensitive laboratory machinery that 
needs special handling and freezers that can-
not be rotated more than a certain angle off  
of their vertical axis will require more supervi-
sion than a conference room table that simply 
requires many hands to move. If  local labor is 
required to access more restricted facilities, 
such as embassies or government campuses, 
there may be more complex requirements, and 
alternative methods may need to be employed, 
such as using the local labor force to move 
materials to a gate and having individuals 
with access privileges move materials within 
the access-controlled areas.

As storage sites and plans are developed, 
training on these plans is also imperative. 
Determining who will be responsible for keep-
ing inventory at the sites needs to be under-
stood, and this person or group needs to be 
trained on the inventory processes. Ideally, 
this individual understands the processes well 
enough that he/she can train others to per-
form the same processes. Those responsible 
for performing stock takes and inventories 
need a full understanding of the importance 
of accurate stock takes and how errors can 
affect the study. Training plans, including 
refresher trainings, are important because 
they ensure staff  members remain aware of 
the processes and this knowledge is not for-
gotten over time.

6.1  Implementation Checklists 
(. Fig. 10)

 1. Reconnaissance and assessment
 2. Establishment
 3. Maintenance
 4. Dissolution

6.2  Receiving Product

 5 Place in a secure area.
 5 Print off  the packing slips from the pre- 

alert emails, and open the pallets, checking 
off  that the supplies in the packing list 
match the description and quantity listed 
in the packing list.

 5 Once all the supplies have been confirmed 
as received, enter them into the inventory 
management system. Ensure that the 
quantities entered match the quantities in 
which the items will be removed.

 5 If  using a barcoding application, print 
the barcodes and place them on the prod-
uct.

 5 Once this is complete, the items can be 
moved to their final storage location.

 5 Ensure headquarters supply and shipping 
lead(s) are notified of receipt and any dis-
crepancies.

       . Fig. 10 Sample 
inventory management 
checklist
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 5 If items are damaged or missing, take pho-
tos of any damage and email the head-
quarters shipping lead to notify them of 
the discrepancy. Follow the above steps for 
all items correctly received in the remain-
der of the shipment.

6.3  Storing Product

 5 Storage areas should be kept clean and 
orderly at all times. Keep supplies in a cool 
or air-conditioned environment, away 
from the walls, off  the floor, and away from 
sunlight exposure or risk of water damage.

 5 Where supplies are proprietary to one 
group (due to, e.g., budget restrictions), 
they need to be stored in a clearly labeled 
area that is distinct from other supplies 
(e.g., on their own racking or shelf  in the 
fridge).

 5 For items that are shared by multiple enti-
ties, they should be grouped by usage, in 
the main body of the storeroom. For 
example, store reagents by equipment with 
which they are used, and place all apparel 
together, the same with site operations and 
clinical supplies.

 5 Do not mix unopened inventory with opened 
stock (this makes the unit of measure and 
quantities hard to track). Items should 
enter the facility in the same unit of mea-
sure in which they leave.

 5 Label stock supplies for ease of identifica-
tion.

 5 If  there are items with multiple expiration 
dates, place the items that are first to expire 
to the front of the shelf.

6.4  Performing a Stock Take

Stock takes are the physical verification of 
quantities of supplies held in inventory. This 
provides an audit of existing stock. It is also 
the source of stock discrepancy information.

 5 Choose a time when the site is quiet, and 
supplies are not likely to be removed as 
you are counting them. First thing in the 
morning or at the end of the day is usually 
best.

 5 Ensure the stock room is clean and tidy 
and inventory items are well laid out and 
labeled.

 5 If  possible, use two people for the stock 
take—one person identifies the item held 
in inventory and calls out the physical 
count, while the other person finds that 
item in the item description column, checks 
the unit of measure column, and records 
the amount of stock in that unit of mea-
sure in the stock take quantities of  the tem-
plate.

 5 Only count unopened items. Opened packs 
are not considered part of inventory.

 5 Physically count every item in your inven-
tory—do not estimate.

 5 Make a note of the expiration date of the 
items as you proceed. The first item to 
expire should be at the front of the shelf and 
be the first to be removed and used.

 5 Count in the same direction, for example, 
top to bottom for shelves starting on the 
far left and ending on the far right. This 
way you are less likely to miss an item.

 5 Your physical count should match the run-
ning total in final. Check any physical dis-
crepancy between the two, and make a 
note of the item to report back to the 
accountable clinical research team mem-
bers.

6.5  Key Terms

 5 Lead time. The time between when new 
stock is ordered and when it is received 
and available for use.

 5 Maximum inventory. The level of stock 
above which inventory levels should not 
rise under normal conditions. It is a set 
multiple of 1 month’s usage.

 5 Minimum inventory. The lowest quantity 
of stock allowed in inventory before an 
emergency order needs to be placed. It is 
expressed in months of stock.

 5 Recurring supplies. Supplies the trial 
must never stock out of. They are the 
supplies that will form the bulk of  regu-
lar subsequent scheduled resupply ship-
ments.
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 5 Resupply. Providing the sites with new 
inventory of supplies.

 5 Stock on hand/quantity on hand. Supplies 
available at the site at any given time. For 
inventory purposes, stock on hand is all 
unopened stock.

 5 Stock take. The physical verification of 
quantities of  supplies held in inventory. 
This should be done every 2  weeks to 
provide an audit of  existing stock. It is 
also the source of  stock discrepancy 
information—a security measure ensur-
ing proper inventory control to identify 
unauthorized use or theft of  supplies, as 
well as an indispensable step to prevent 
stockouts.

 5 Stockout. This is where the existing sup-
plies of an item at a site are exhausted—
there is no more stock available of that 
product. The demand is greater than the 
supply. We want to prevent this at all costs, 
as it can halt the study.

 5 Unit of measure. A standard unit by which 
a quantity is accounted for and measured. 
It is very important that the units of mea-
sure are clear in any communication, and 
it is often one of the biggest challenges to 
understanding site needs and shipping the 
correct volumes.

6.6  Supply Staff Roles

 5 Site supply manager. This person has full 
accountability for stock entering and leav-
ing the supply areas, ensuring the inven-
tory management system is updated and 
performing stock takes every month.

 5 In-country clinical laboratory supply lead 
has full accountability of all clinical labo-
ratory items, including supplies that are 
removed from the inventory management 
system as they are consumed, as well as 
performing monthly stock takes.

 5 In-country research laboratory supply lead 
has full accountability of all research labo-
ratory items, including supplies that are 
removed from the inventory management 
system as they are consumed, as well as 
performing monthly stock takes.

 5 Headquarters supply leads review stock lev-
els at headquarters and set the maximum 
and minimum stock levels in the inventory 
management system. They will have 
accountability for submitting reorder 
requests through the requisitioning system.

 5 Headquarters supply and shipping team 
receives order requests from the headquar-
ters supply leads. They place orders and 
manage the shipping process to the site.

? Discussion Questions
 1. Define logistics and inventory manage-

ment for clinical research during an out-
break in low-resource settings.

 2. What is the role of  the clinical research 
protocol team during an emergency clin-
ical research response?

 3. When an emergency worsens, the need 
for strong partnerships becomes more 
acute. In this context, discuss some roles 
of  civilian government agencies, mili-
tary, international organizations, diplo-
matic communities, nongovernmental 
organizations, regional and local gov-
ernments, and informal community 
leadership bodies in getting equipment 
and supplies to where they are needed.

 4. Procurement of  needed equipment and 
supplies, along with transport arrange-
ments, should begin as the study proto-
col takes shape. Furthermore, research 
is necessary to ensure compliance with 
all domestic and international import 
and export requirements.
 (a) Since these requirements are com-

plex and under continued discus-
sion, what could you do first to help 
ease the process?

 (b) Discuss some restrictions that may 
affect export of  medical supplies 
during an outbreak emergency.

 (c) List some minimal paperwork 
requirements for shipping medical 
items.

 5. Successful shipment of  goods urgently 
needed where transport links are few 
requires a dedicated and detail-oriented 
team ready to facilitate the process day 
and night.
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 (a) For international transport, discuss 
how to identify a freight forwarder 
and the destination. Further, what 
factors come into play when choos-
ing between air transport, surface 
shipments, and passenger baggage 
transport?

 6. For domestic transport, what questions 
must be answered to ensure shipments 
arrive safely at their destination despite 
unpredictable and insecure circum-
stances in underserved areas of  least 
developed countries?

 7. To ensure a well-functioning research 
effort, discuss the importance and man-
agement of  adequate supplies, stock 
confirmation, regular stock taking, and 
inventory management at, most likely, a 
centralized storage facility supporting 
multiple research sites.

 8. Appropriate waste management pro-
cesses must be established and well 
understood before beginning the emer-
gency response research. Discuss some 
important factors of  waste manage-
ment.

 9. In resource-constrained regions, spe-
cific opportunities arise for hiring local 
staff  to assist in several ways with 
research efforts. Describe factors 
related to employment and training of 
local staff.

References

Bromley M, Maletta G. The challenge of  software and 
technology transfers to non-proliferation efforts: 
implementing and complying with export controls. 
Stockholm: Stockholm International Peace 
Research Institute; 2018.

Carter RJ, Idriss A, Widdowson M-A, Samai M, Schrag 
SJ, Legardy-Williams JK, et al. Implementing a 
multisite clinical trial in the midst of  an Ebola out-
break: lessons learned from the Sierra Leone trial to 
introduce a vaccine against Ebola. J Infect Dis. 
2018;217(Suppl_1):S16–23. https://doi.org/10.1093/
infdis/jix657.

De Waal A. Militarizing global health. Boston Review; 
2014.

Devi S.  Travel restrictions hampering COVID-19 
response. Lancet. 2020;395(10233):1331–2. https://
doi.org/10.1016/S0140-6736(20)30967-3.

EC. Commission publishes guidance on export require-
ments for personal protective equipment. Brussels: 
European Commission; 2020.

EU ECHO. EU facilitates second rotation of  Dutch ves-
sel to Ebola affected region. 2014.

FIATA.  Changing logistics: freight forwarders evolve 
with trade. Glattbrugg, CH: International Federa-
tion of  Freight Forwarders Associations (FIATA); 
2017.

GPMB. A world in disorder 2020. Global Preparedness 
Monitoring Board annual report 2020. Geneva: 
Global Preparedness Monitoring Board; 2020.

Gralla E, Goentzel J.  Humanitarian transportation 
planning: evaluation of  practice-based heuristics 
and recommendations for improvement. Eur J Oper 
Res. 2018;269(2):436–50. https://doi.org/10.1016/j.
ejor.2018.02.012.

Herper M.  To speed coronavirus testing. FDA green-
lights a new type of  nasal swab. STAT; 2020.

IASC.  Step-by-step practical guide for humanitarian 
needs overviews, humanitarian response plans and 
updates. New York: Interagency Standing Commit-
tee. Cycle HP; 2020.

ICRC.  Medical waste management. Geneva: Interna-
tional Committee of  the Red Cross; 2011.

Ilunga Kalenga O, Moeti M, Sparrow A, Nguyen V-K, 
Lucey D, Ghebreyesus TA. The ongoing Ebola epi-
demic in the Democratic Republic of  Congo, 
2018–2019. N Engl J Med. 2019;381(4):373–83. 
https://doi.org/10.1056/nejmsr1904253.

IMF. WTO and IMF heads call for lifting trade restric-
tions on medical supplies and food. Washington, 
DC: International Monetary Fund; 2020.

Kamradt-Scott A, Harman S, Wenham C, Smith 
F. Civil–military cooperation in Ebola and beyond. 
Lancet. 2016;387(10014):104–5. https://doi.
org/10.1016/s0140-6736(15)01128-9.

Lu Y, Rong G, Yu SP, Sun Z, Duan X, Dong Z, et al. 
Chinese military medical teams in the Ebola out-
break of  Sierra Leone. J R Arm Med Corps. 
2016;162(3):198–202. https://doi.org/10.1136/jramc-
2015-000562.

Mulangu S, Dodd LE, Davey RT Jr, Tshiani Mbaya O, 
Proschan M, Mukadi D, et al. A randomized, con-
trolled trial of  Ebola virus disease therapeutics. N 
Engl J Med. 2019;381(24):2293–303. https://doi.
org/10.1056/NEJMoa1910993.

NASEM.  The critical health impacts of  corruption. 
Crossing the global quality chasm: improving health 
care worldwide. The National Academies Collec-
tion: reports funded by National Institutes of 
Health. Washington, DC: National Academies 
Press; 2018.

Nevin RL, Anderson JN. The timeliness of  the US mili-
tary response to the 2014 Ebola disaster: a critical 
review. Med Conflict Surviv. 2016;32:1–30. https://
doi.org/10.1080/13623699.2016.1212491.

Thompson DDP.  Special issue: Preparing the humani-
tarian supply chain for epidemics and pandemic 
responses. J Humanit Logist Supply Chain Manag. 

988 B. Baseler et al.

https://doi.org/10.1093/infdis/jix657
https://doi.org/10.1093/infdis/jix657
https://doi.org/10.1016/S0140-6736(20)30967-3
https://doi.org/10.1016/S0140-6736(20)30967-3
https://doi.org/10.1016/j.ejor.2018.02.012
https://doi.org/10.1016/j.ejor.2018.02.012
https://doi.org/10.1056/nejmsr1904253
https://doi.org/10.1016/s0140-6736(15)01128-9
https://doi.org/10.1016/s0140-6736(15)01128-9
https://doi.org/10.1136/jramc-2015-000562
https://doi.org/10.1136/jramc-2015-000562
https://doi.org/10.1056/NEJMoa1910993
https://doi.org/10.1056/NEJMoa1910993
https://doi.org/10.1080/13623699.2016.1212491
https://doi.org/10.1080/13623699.2016.1212491


Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0 Interna-
tional License (http://creativecommons. org/licenses/by/4. 0/), which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons license and indicate if  changes were 
made.

The images or other third party material in this chapter are included in the chapter's Creative Commons 
license, unless indicated otherwise in a credit line to the material. If  material is not included in the chap-
ter's Creative Commons license and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder.

2021;11(2):157–75. https://doi.org/10.1108/
JHLSCM-01-2021-0006. ISSN: 2042-6747

U.S. Dept. of  State. Overview of  U.S. export control sys-
tem. Washington, DC: U.S.  Dept. of  State. 2011. 
https://2009-2017.state.gov/strategictrade/overview/
index.htm. Accessed 27 Apr 2020.

UN. Discussion draft: guidelines on the tax treatment of 
government-to-government aid projects. New York: 
United Nations; 2020.

UN.  Department of  Peace Operations. New York: 
United Nations; 2021. https://peacekeeping.un.org/
en/department-of-peace-operations. Accessed 19 
May 2021.

UN Logistics Cluster. Logistics operational guide. 
Rome: UN Logistics Cluster; 2020. https://dlca.log-
cluster.org/display/LOG/Logistics+Operational+G
uide+%28LOG%29+Home. Accessed 29 Apr 2020.

Wells CR, Pandey A, Ndeffo Mbah ML, Gauzere BA, 
Malvy D, Singer BH, et al. The exacerbation of 
Ebola outbreaks by conflict in the Democratic 
Republic of  the Congo. Proc Natl Acad Sci USA. 

2019;116(48):24366–72. https://doi.org/10.1073/
pnas.1913980116.

WFP.  Supply chain. Rome: World Food Programme; 
2020. https://www.wfp.org/supply-chain. Accessed 
29 Apr 2020.

WFP.  UN Humanitarian Air Service. Rome: World 
Food Programme; 2021. https://www.wfp.org/
unhas. Accessed 19 Oct 2021.

WHO.  Guidance on regulations for the transport of 
infectious substances 2013–2014. Geneva: World 
Health Organization; 2012.

WHO.  Safe management of  wastes from health-care 
activities. Geneva: World Health Organizaion; 2014.

WHO. International Health Regulations (2005). 3rd ed. 
Geneva: World Health Organzation; 2016.

WHO.  Building health systems resilience for universal 
health coverage and health security during the 
COVID-19 pandemic and beyond: WHO position 
paper. Geneva: World Health Organization; 2021. 
Contract No.: WHO/UHL/PHCSP/2021.01.

989
37 Supply and Logistics for Clinical Research in Low-Resource Settings

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1108/JHLSCM-01-2021-0006
https://doi.org/10.1108/JHLSCM-01-2021-0006
https://2009-2017.state.gov/strategictrade/overview/index.htm
https://2009-2017.state.gov/strategictrade/overview/index.htm
https://peacekeeping.un.org/en/department-of-peace-operations
https://peacekeeping.un.org/en/department-of-peace-operations
https://dlca.logcluster.org/display/LOG/Logistics+Operational+Guide+(LOG)+Home
https://dlca.logcluster.org/display/LOG/Logistics+Operational+Guide+(LOG)+Home
https://dlca.logcluster.org/display/LOG/Logistics+Operational+Guide+(LOG)+Home
https://doi.org/10.1073/pnas.1913980116
https://doi.org/10.1073/pnas.1913980116
https://www.wfp.org/supply-chain
https://www.wfp.org/unhas
https://www.wfp.org/unhas


© This is a U.S. Government work and not under copyright protection in the U.S.; foreign 
copyright protection may apply 2024
E. S. Higgs and R. A. Sorenson (eds.), Principles and Practice of Emergency Research Response,  
https://doi.org/10.1007/978-3-031-48408-7_58

38 Pharmaceutical 
Management
Matthew Carl Kirchoff

Contents

1  Introduction – 993

2  Working with Investigational Medicinal Products 
in Early Development – 994

2.1  Stability of Investigational Medicinal Products – 994
2.2  Hazardous Material Precautions – 998
2.3  Labeling of Investigational Medicinal Products – 998

3  Pre-response Planning – 999
3.1  Essential Elements – 999
3.2  Pharmacy Facilities and Infrastructure – 1000
3.3  Equipment Selection and Procurement – 1001
3.4  Planning for Multiple Sites – 1005
3.5  Pharmacy Staff Roles and Responsibilities, Education, 

and Training – 1006
3.6  Concurrent Expanded Access Program Support – 1006

4  Pharmacy Operations – 1007
4.1  Procuring Pharmacy Supplies – 1007

Learning Track Note: This chapter appears in Learning Tracks: Clinical Research; Emergency 
Research Response, Research Operations

991

https://doi.org/10.1007/978-3-031-48408-7_58#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-48408-7_58&domain=pdf


5  Final Disposition – 1008
5.1  Final Disposition of Investigational Medicinal  

Products – 1008
5.2  Destruction or Donation of Ancillary Medical  

Products – 1009

6  Foundational Guidance – 1009
6.1  Regulations – 1009
6.2  Operations – 1010

 References – 1010



58

Learning Objectives
This chapter will help readers understand and 
describe

 5 Why investigational medicinal products 
(IMPs) require more careful management 
than approved products

 5 Methods for controlling the temperature, 
humidity, light exposure, physical agitation, 
and material compatibility of the IMP envi-
ronment

 5 Considerations for labeling IMPs in a mul-
tilingual environment

 5 Questions to consider when analyzing pos-
sible shortfalls in essential requirements for 
clinical trial implementation

 5 Considerations for reviewing a new or exist-
ing pharmacy research facility during an 
outbreak in a resource-constrained area

 5 Equipment selection and procurement dur-
ing an outbreak in a resource-constrained 
area

 5 Requirements for shipping IMP to a second 
trial site

 5 Donation or disposal of ancillary medici-
nal products

1  Introduction

The International Council for Harmonisation 
of Technical Requirements for Pharmaceuticals  
for Human Use (ICH) Efficacy Guidelines for 
Good Clinical Practice (GCP) define an inves-
tigational medicinal product (IMP) as

 » A pharmaceutical form of  an active ingredi-
ent or placebo being tested or used as a ref-
erence in a clinical trial, including a product 
with a marketing authorization when used 
or assembled (formulated or packaged) in a 
way different from the approved form, or 
when used for an unapproved indication, or 
when used to gain further information 
about an approved use (ICH 2016)

The management of  investigational and 
approved drugs, biologics, and vaccines, as 
well as associated materials, equipment, and 
personnel for a clinical trial in the context of 
an infectious disease outbreak presents 
many challenges. These difficulties are com-

pounded in low-resource and isolated set-
tings, but even the best-resourced countries 
can be vulnerable, as evidenced by world-
wide medical product shortages and supply-
chain disruptions during the coronavirus 
disease 2019 (COVID- 19) pandemic. The 
challenges clinical research programs 
encounter in low-resource  and remote set-
tings, particularly during an outbreak, are 
often more difficult versions of  problems 
investigational pharmacy staff  around the 
world face every day: varying regulatory 
considerations, shortages, facility shortcom-
ings, storage issues, and logistical arrange-
ments for moving products and associated 
supplies. In the context of  an outbreak, these 
problems tend to come with greater fre-
quency, urgency, and human consequences. 
It is a stressful juggling act to marshal both 
materiel and human resources quickly while 
aiming at a moving target as knowledge 
about the pathogen and disease course 
increases  (7 Chaps. 19 and 20). As we saw 
the healthcare resources of  even the most 
developed countries overwhelmed by the 
COVID-19 pandemic, it became easier to 
appreciate the difficulties developing coun-
tries face in an infectious disease emergency.

The urgency and uncertainties of an out-
break response may leave research pharmacy 
staff  dealing with more unknowns than is 
typical of clinical trials. It may be necessary, 
for example, to plan Phase II and III clinical 
trials while only limited knowledge from pre-
clinical and Phase I studies are available. This 
is especially true for recently identified patho-
gens, rare pathogens, or pathogens endemic 
predominantly in less-developed countries 
with little clinical research infrastructure and 
few experienced local research personnel. If  
IMPs have already been developed to prevent 
or treat the outbreak’s causative pathogen, 
they may be in an earlier stage of develop-
ment when clinical trials begin than is typical 
during the usual course of drug development. 
In addition to efficacy, safety, and special pop-
ulation unknowns, only limited data and 
guidance may be available on the IMP’s stabil-
ity, material compatibility (e.g., with adminis-
tration devices such as syringes, needles, and 
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intravenous tubing), handling requirements, 
and hazards to staff. Products early in devel-
opment or needed urgently worldwide are 
likely to be available in limited quantities 
 initially, and resupply may take days, weeks, 
or be uncertain, so the loss of investigational 
medicinal products can be particularly devas-
tating. A geographically and epidemiologi-
cally shifting epidemic compounds the 
complexities of planning ahead, building site 
infrastructure, and training research staff.

Many guidelines, manuals, and other 
resources are available on pharmacy opera-
tions and regulations as they relate to con-
ducting clinical investigations (7 Sect. 2). 
This chapter’s primary focus is on consider-
ations that may be overlooked while in the cir-
cumstances of a high-pressure, unfamiliar, 
and resource-constrained setting during an 
outbreak. The primary perspective is that of a 
pharmacist establishing and managing an 
investigational pharmacy on the ground, but 
the chapter includes additional research tasks 
which may naturally be delegated to or require 
input from a pharmacist.

The monumental task of storing and 
transporting investigational medicinal prod-
ucts and other products requiring a tempera-
ture-controlled environment (cold chain) is a 
significant challenge for pharmacy staff. This 
topic is covered in a dedicated chapter 
(7 Chap. 39) due to its importance and multi-
disciplinary nature, often involving personnel 
from facilities, pharmacy, laboratory, other 
research team elements, and outside entities, 
such as consultants, equipment vendors, 
transport companies, and customs authorities.

2  Working with Investigational 
Medicinal Products in Early 
Development

During outbreaks, the challenges of working 
with IMPs are often amplified due to the 
urgency and unpredictability of the situation. 
For example, they may:

 5 Be in limited supply
 5 Require long lead times for resupply
 5 Require shipping between local sites dur-

ing the study to manage scarce inventory

 5 Be shipped using a central vendor in dif-
ferent countries, with differing import 
and export requirements

 5 Have unusual storage requirements, such 
as below −60 °C

 5 Undergo revisions to storage and handling 
requirements, compatibility, administra-
tion, or dosing during a trial

 5 Require hazardous handling precaution
 5 Require more onerous blinding procedures
 5 Have complicated unblinding require-

ments
 5 Require frequent extensions to shelf  life 

and relabeling
 5 Come with a limited, frequently updated 

pharmacy manual, or lack one completely
 5 Require regular revisions to associated 

processes, with tracking and documenta-
tion

 5 Have multiple investigational brochure 
updates and protocol amendments

Each of these challenges can significantly 
impact the conduct of clinical trials during 
outbreaks, requiring careful management and 
adaptability from research pharmacists and 
other clinical trial staff.

2.1  Stability of Investigational 
Medicinal Products

It is critical to develop an early understanding 
of storage and transport requirements, con-
duct thorough planning with detailed atten-
tion to circumstances in the study setting, and 
pay particularly close attention to operation-
alizing an acceptable environmental control 
plan that addresses temperature, humidity, 
light exposure, physical agitation, and mate-
rial compatibility.

Departures, or excursions, from guideline- 
specified conditions for the IMP are protocol 
deviations or violations. These excursions 
require trial sponsor assessment, including 
consultations with the product manufacturer 
about product attributes and notifications of 
associated regulatory agencies and data safety 
monitoring boards. The pharmacy team must 
document these assessments, decisions, and 
follow up steps, which may include a correc-

994 M. C. Kirchoff



58

tive and preventive action plan to avoid 
repeated errors.

Limited stability data pose several issues. 
Products such as vaccines and monoclonal 
antibodies are often stored frozen or at ultra- 
cold temperatures with little allowance for 
temperature excursions until stability data at 
warmer temperatures can be established. In 
the event a low-temperature cooling device 
fails and the product must be moved to a 
warmer but acceptable storage location for a 
short period, the product rarely will be allowed 
to go back to the colder environment, often 
shortening the allowable stability time. 
Exacerbating these challenges, storage 
requirements may change during the trial as 
the sponsor continues to gather and analyze 
stability data.

Tip

Guidelines occasionally forget to specify a 
lower (coldest) temperature for product 
storage. Ensure this temperature is speci-
fied as storing at too low a temperature 
can result in container issues, such as vial 
stoppers becoming brittle.

Pharmaceutical management should make 
clear, in early and frequent consultations with 
the sponsor or manufacturer, the difficulties 
that may be involved in storing and transport-
ing products at ultra-cold temperatures and 
push for guidance at the broadest range of 
temperatures that can be supported by data. 
Manufacturers are frequently inclined to 
specify temperature ranges more restrictive 
than necessary in order to provide a maxi-
mum safety margin. Worse yet, sponsors and 
manufacturers, or even  different individuals 
within a company, may verbally provide simi-
lar but slightly different ranges, reflecting this 
ad hoc safety buffer. These inconsistencies 
may result in storage requirements that are 
difficult to maintain consistently at remote, 
austere research sites, risking the loss of scarce 
investigational medicinal products mid-out-
break. The research team may struggle to cor-
rect such problems, which could bring about a 
catastrophic pause or end to the trial.

The study sponsor should provide a certifi-
cate of analysis, certificate of suitability, cer-
tificate of compliance, or similar document 
which includes the current IMP stability date 
(which effectively functions as an expiration 
date), by lot number. This document is usually 
supplemented with information provided dur-
ing shipments, in particular if  the product is 
imported into a second country.

2.1.1  Temperature
Practical, effective temperature monitoring of 
product and storage locations is critical. 
Ideally, a continuous, real-time, electronic sys-
tem with Internet connectivity can be imple-
mented. If  this setup is not available or will 
not be available at the study start, regular (i.e., 
twice daily or at staff  changes) manual tem-
perature recordings on a sheet of paper may 
be minimally acceptable, depending on a risk 
assessment of the cold-chain setup  and the 
products being monitored (7 Chap. 39). 
Although less critical, monitoring of “room 
temperature” surrounding a temperature- 
controlled  storage space should also occur, 
even if  the product is stored within a refrigera-
tor or freezer, as this data may be critical in a 
manufacturer’s excursion assessment in the 
event of a prolonged malfunction of the cold- 
chain storage device.

Tip

A manufacturer may request an impracti-
cally narrow storage range, such as −20 to 
−25 °C, or − 65 to −75 °C. Given the nor-
mal temperature fluctuation within a 
freezer, any short- term loss of  power, 
slightly longer than average door opening, 
or addition of  thermal mass at a different 
temperature will almost certainly result in 
a temperature excursion and the quaran-
tine of  the investigational medicinal prod-
ucts. For sites with unreliable power, this is 
practically a certainty. While 2  to 8 °C is 
an acceptably narrow range for refriger-
ated products, as the temperature differ-
ence between the ambient environment 
and the required environment grows larger, 
so should the allowable temperature range.
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       . Fig. 1 Remote live stream of  a temperature monitor 
for manual review and logging of  temperatures. (Photo: 
Matthew Kirchoff)

In an outbreak or resource-constrained 
environment, creative solutions to operational 
problems are particularly important. 
Flexibility and ingenuity can help overcome 
unexpected challenges.  For example, during 
one therapeutic trial for a monoclonal anti-
body to treat Ebola virus disease, a large 
amount of IMP was stored at frozen tempera-
tures in a storage depot. Study staff  were tem-
porarily denied access to the site because of 
travel restrictions related to expected political 
unrest. In anticipation of the event, facility 
security staff  were trained on emergency pro-
cedures related to equipment and power fail-
ure. As remote monitoring systems had not 
yet arrived, three extra computers and elec-
tronic tablets were positioned with remotely 
accessible cameras to view the local tempera-
ture readout of the freezer, enabling staff  to 
regularly check freezer temperatures without 
traveling to the site during the travel morato-
rium (. Fig.  1). At other times, a mobile 
phone hotspot function was used to set up 
remote temperature monitoring devices where 
land- based Internet coverage was unavailable 
but cellular Internet coverage was adequate.

2.1.2  Humidity
For pills, capsules, and powders, humidity can 
be a problem if  they are not in a hermetically 
sealed container (i.e., completely airtight and 
impermeable to air and water vapor) or if  they 

need to be stored for any length of time after 
opening. Exposure to high humidity can lead 
to product degradation and growth of micro-
organisms. The manufacturer should provide 
an acceptable relative humidity range along 
with storage temperature range. In practice, 
this is likely to entail air conditioning in tropi-
cal environments, as reducing air temperature 
also helps control relative humidity. In some 
cases, the use of desiccants (moisture- 
absorbing substances) within packaging can 
help control humidity levels for sensitive 
products.  If  relevant to the products being 
stored, humidity should be monitored and 
recorded along with the temperature. For liq-
uid products in a sealed container such as a 
vial, humidity is generally not an issue and 
monitoring is not required but this should be 
verified in writing by the manufacturer.

2.1.3  Light
Light exposure can significantly affect the sta-
bility and efficacy of many medical products. 
Certain wavelengths of light, particularly 
ultraviolet (UV) light, can cause chemical 
reactions that degrade or alter the physical 
properties of medications. It is good practice 
to protect medical products from direct light 
exposure. The manufacturer may or may not 
provide information on light-related stability 
concerns, but in the absence of such data, 
light exposure should be minimized. Consider 
purchasing refrigerators with opaque doors 
rather than transparent windows. Room tem-
perature medicines should be kept in closed 
cabinets, generally locked for security. Sterile 
drapes or similar materials can also be used to 
cover vials while thawing before preparation, 
and opaque bags may be used to cover pre-
pared items, such as syringes with product 
drawn up, which have been removed from 
their original light-protecting contain-
ers. Record and justify the measures taken to 
protect products from light exposure. This 
documentation can be crucial for quality 
assurance and regulatory compliance.

2.1.4  Agitation
Agitating or shaking up an IMP may have 
adverse effects on stability  such as protein 
denaturation, phase separation, or particle 
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       . Fig. 2 Potholes are 
common in dirt roads 
during and after the rainy 
season and can cause 
significant agitation. 
These potholes were 
present for the duration of 
a trip to a research lab in 
Monrovia, Liberia. 
(Photo: Matthew 
Kirchoff)

formation. Agitation is of particular concern 
in areas where roads may be poor, especially 
in rainy seasons. Investigators and pharma-
cists should make this a priority for discussion 
with the manufacturer as soon as an initial 
assessment finds that the product may need to 
be transported in difficult conditions 
(. Fig.  2). Transport over any distance on 
bumpy roads should be authorized by the 
manufacturer based on thorough consider-
ation, simulation if  necessary, and cross-
checking. This is a particular concern for 
liquid products, especially those that are pro-
tein-based such as monoclonal antibodies or 
certain vaccines.

2.1.5  Material Compatibility
Ensuring material compatibility is crucial for 
maintaining product stability, efficacy, and 
safety (Jenke 2009).  Since investigational 
medicinal products are in an early stage of 
development, it may not be clear what materi-
als could deleteriously affect them through 
contact. Examples of issues include leaching 
of plasticizers from IV bags, adsorption of 
protein-based drugs onto tubing or containers, 
degradation of light- sensitive compounds, and 
interactions with  vial stoppers. This canpose 
significant challenges in remote locations or 
countries where a product manufacturer did 
not envision trials taking place, since procur-
ing precisely specified compatible  products 
may be difficult. Products in early develop-

ment may only have one or two compatible 
materials listed, such as a single manufactur-
er’s syringe or bag of intravenous fluids for 
product administration. Consider  ordering 
compatible materials in advance along with 
the IMP. Sponsors may be willing to assist 
with procuring the required materials and will 
occasionally ship complete kits, which include 
the needed ancillary products for a single dose 
or single treatment course.

Tip

If  multiple study products are used at a 
more research-naïve site, provision of  kits 
for study products is particularly desirable 
to avoid inappropriate or accidental use of 
noncompatible products.

If  the pharmacy manual details exact 
products for use with the IMP and those 
products are not available, notify the sponsor 
and ask whether a similar product is suitable. 
Request information on particular compo-
nents of concern and details on what material 
components are known to be compatible or 
incompatible. Using this information, identify 
alternative products and provide their detailed 
component information to the sponsor for 
consideration. If  a substitute is identified, 
obtain written agreement and file a copy in 
the study file.
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2.2  Hazardous Material 
Precautions

Hazardous materials are substances that pose 
a potential risk to human health or the envi-
ronment due to their physical, chemical, or 
biological properties. Perhaps the best-known 
guidance for the proper handling of hazard-
ous drugs in healthcare settings, issued by the 
U.S.  Pharmacopeial Convention, is referred 
to as USP 800 (USP 2020). Bernabeu- 
Martinez et al. (2018) note the availability of 
many sets of guidelines from around the 
world. Many investigational medicinal prod-
ucts are considered hazardous and require 
some level of precaution for handling and dis-
posal. Pharmacy managers are responsible for 
ensuring that all staff  are familiar with safe 
handling procedures, typically involving the 
use of personal protective equipment, con-
tainment systems during preparation, spill 
management procedures, and waste segrega-
tion. Many austere environments lack appro-
priate medical waste disposal systems, relying 
on incineration or dumping that allows access 
to scavengers seeking items for resale (Ali 
et al. 2017). Trial planning staff  need to review 
site capabilities for product destruction before 
trial initiation so that alternative arrange-
ments can be made if  necessary, such as ship-
ping selected products back to the sponsor or 
contracting with outside organizations. 
Regardless, a documented pharmacy IMP 
disposal plan with training  provisions is 
required.

2.3  Labeling of Investigational 
Medicinal Products

2.3.1  Languages
The preferred language for labeling is the pri-
mary language where the product will be used, 
often the official or national language in a 
country with multiple languages. Professional 
staff  anywhere are likely to know the official 
language well, but there may be environments 
in which other essential staff, for example, 
maintenance  workers, drivers, etc., may not 
reliably understand that language. An official 

language may be widely spoken in the capital 
or major cities while other languages are more 
common in rural areas. An example of a com-
plex labeling example arose in the Democratic 
Republic of Congo (DRC), where clinical tri-
als of four experimental therapeutics for 
Ebola were conducted. With over 200 lan-
guages, the DRC is one of the more linguisti-
cally diverse countries in the world. While 
French is the official language and widely 
used in education and government, there are 
also four national languages: Kikongo 
(Kituba), Lingala, Swahili, and Tshiluba 
(Translators without Borders 2022).

In a multilingual environment, or when a 
product may go to sites with different primary 
languages, certified label translations in the 
most relevant languages should be available 
and provided with every IMP  shipment. 
Deciding on the label language is essential in a 
multi-site study, as product loss at one site 
could necessitate temporary supply from 
another site with adequate inventory. Products 
labeled in one language may not be acceptable 
for import into another country. The labeling 
of IMP is regulated in many countries, and 
country-specific guidance should be sought. 
If  labeling requirements are unavailable or 
unclear, regulatory bodies should be con-
sulted prior to determining IMP labeling. 
This should be done as early as possible in a 
trial, as the labeling of IMP is often a process 
that must be scheduled in advance and inte-
grated into a manufacturer’s overall produc-
tion schedule, often taking weeks or months 
of advance notice.

Tip

The manufacturer may be able to provide 
product packaging with multiple language 
translations on each package, accessed by 
peeling up the label to reveal an underside 
or additional folded labeling.

2.3.2  Stability Dates
Experience in the field suggests that for IMPs 
provided in unit-dose packaging or stored at 
frozen or ultra-low temperatures, the product 
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       . Fig. 3 A vial stored at less than −70 °C, which needs 
relabeling due to a pre-printed date. Writing or placing a 
new label is difficult due to the frozen temperature and 
layer of  frost. (Photo: Matthew Kirchoff)

packaging should bear the printed lot number 
without a stability or use-by date, as the stabil-
ity date is likely to be updated during the 
study, sometimes multiple times, necessitating 
relabeling if  it were printed. Relabeling certain 
temperature-controlled products (. Fig. 3) is 
time-consuming, complicated, and creates an 
additional risk of product loss, and relabeling 
products kept at ultra-low temperatures (less 
than −60 °C) is nearly impossible without 
materials specifically designed to function in 
the extreme cold. Relabeling products kept in 
a refrigerator or freezer may additionally 
cause degradation of the product when it is 
removed from the storage unit, and it may 
cause temperature excursions in the entire 
storage unit as a result of frequent door open-
ings. At the same time, additional procedures 
must be put in place to ensure that products 
without printed stability dates are properly 
tracked and not inadvertently used past their 
stability date. A mix-up of products could be 
disastrous for a trial, resulting in participants 
receiving “expired” products of uncertain effi-
cacy or the disposal of product due to uncer-
tainty. Pharmacists may feel uncomfortable 
having vials without “use-by” dates, and risks 
and benefits should be evaluated for the par-
ticular trial and sites. An often-workable com-
promise is to label the cartons or boxes that 
contain products from the same lot. Prior to 
importing IMPs without printed dating on 
individually labeled units, consult country reg-
ulations to verify any related  requirements 
specific to non- commercial investigational 
medicinal products.

2.3.3  Other Label Contents
In the United States, the Food and Drug 
Administration (FDA 2020) requires a label 
stating, “Caution: New Drug  – Limited by 
Federal (or United States) law to investiga-
tional use.” Requirements can differ for stud-
ies elsewhere: in principle, every sovereign 
country should have legislation and regula-
tions covering such labeling issues, with some 
exceptions. The EU is moving away from 
national systems toward a unified European 
one (EMA 2022), and there are a number of 
gaps in the legislative and regulatory frame-
work in some developing countries (Nuffield 
Council on Bioethics 2005). The U.S. National 
Institute of Allergy and Infectious Diseases 
(NIAID) is developing a compendium of clin-
ical regulations from around the world, but its 
coverage is not universal (NIAID 2023). The 
World Health Organization (WHO) has an 
analogous Database of Regulatory 
Information Tracking of Clinical Trials 
Registration and Ethics Committees 
(REGTRAC), which provides links to many 
national regulatory authorities (WHO 2022). 
It is wise to make early contact on these and 
other regulatory issues with the Ministry of 
Health and the in- country partners cooperat-
ing on the research study.

3  Pre-response Planning

The quality of work performed during pre- 
response planning has a disproportionate 
influence on the launch and operational suc-
cess of the trial. Elements deemed critical to 
trial initiation and success should be priori-
tized for careful consideration, broad consul-
tation, and rigorous cross-checking.

3.1  Essential Elements

Actions or events that must occur for the proj-
ect to begin or continue fall under the cate-
gory of essential elements. An absence of or 
defect in any one of these factors may have a 
disproportionate effect on the success of trial 
operations, to the point of delaying or stop-
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ping the trial. Many tasks look essential at 
first glance. It is helpful to do a risk-based 
analysis of such elements during planning, 
considering the effect of each on trial readi-
ness, scientific, and ethical standards, and 
staff  and participant safety. Consider, for 
example, the following:

 5 Can the study start if  element x is not 
complete, or can it wait until the trial is 
underway?

 5 If  it can wait, what level of assurance is 
needed that it will happen?

 5 Will the element in question pose an unac-
ceptable risk to participants, staff, or data 
quality?

Some examples:
 5 Inability to import and store the investiga-

tional medicinal product due to regula-
tory, political, or logistical constraints

 5 Inability to obtain required ancillary prod-
ucts for administration of the investiga-
tional medicinal product, for example, 
saline bags for infusion from a required 
manufacturer, infusion supplies, etc

 5 Inability to store or prepare the investiga-
tional medicinal product under the condi-
tions required by the manufacturer because 
of shortfalls in power supply, facilities, 
trained personnel, or equipment

 5 Lack of personnel trained or  licensed to 
execute required study procedures

Failure to maintain an adequate inventory 
of investigational medicinal product or asso-
ciated medical supplies for administration is a 
trial- ending or pausing event. Other potential 
failure points relate to the inability to:

 5 Import the product while maintaining 
required temperatures due to customs and 
flight delays.

 5 Ensure 24/7/365 environmental conditions 
for product storage, including nights, 
weekends, and holidays.

 5 Secure the product from theft.
 5 Resupply the product as needed due to cir-

cumstances, including initial shortages, 
decisions to expand enrollment or add 
sites, or other changes in protocol.

There are other critical items that could be 
deferred to start a study expeditiously, but 
remain essential for the trial to proceed:

 5 Staff  training. A core group may be able to 
begin implementing the study quickly and 
working out specific procedures, but addi-
tional trained staff  will be needed as the 
study gets underway.

 5 Implementation of certain backup or sec-
ondary systems if  they are not critical to 
protecting the health and well-being of 
participants. An example is uninterrupt-
able power supply units if  there is genera-
tor backup or secondary facilities with 
critical equipment.

 5 Dedicated and physically distinct investi-
gational medicinal product quarantine 
space in a freezer, so long as there is room 
to quarantine the product and a way to 
physically separate and demarcate quaran-
tined products with police tape or some 
other hard- to- miss visual indicator

 5 Acquisition of all study supplies necessary 
to support the study through complete 
enrollment and follow-up

 5 Implementation of electronic data capture 
and management systems when a paper 
system can be implemented

 5 Implementation of electronic temperature 
monitoring systems if  regular temperature 
recordings on paper are acceptable.

3.2  Pharmacy Facilities 
and Infrastructure

In a traditional clinical trial, investigators can 
select research sites with capacity and support 
personnel ready to execute a study. During an 
outbreak in a resource-constrained area, sites 
may need to be developed de novo, or at least 
renovated, as proximity to the outbreak often 
becomes the most important selection crite-
rion. Investigators and pharmacists may need 
to consider and recommend details such as 
selecting appropriate room surface finishes 
and developing power, water supply, plumb-
ing, electrical wiring requirements, ventila-
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tion, cooling, etc., based on planned 
equipment (7 Chap. 37). An example check-
list of items to consider when developing or 
reviewing an existing facility follows.
 1. Is the facility close enough to the product 

administration site to meet transport, tem-
perature, and time standards for stability 
and sterility?

 2. Does the facility have adequate space, and 
can this space be secured from unauthor-
ized persons and accessed at all times by 
the pharmacy team?

 3. Does the facility have sufficient power of 
the right type to support the cold-chain 
equipment, compounding hoods, or any 
other needs of the study? If  not, can the 
power be rapidly augmented through gen-
erators, solar panels, or other means 
(7 Chap. 39)?

 4. Can the room temperature and humidity 
be maintained within the required param-
eters?

 5. If  needed for blinding, sterile product 
preparation, or counseling, can a portion 
of the space be made private?

 6. Is there adequate space to prepare the inves-
tigational medicinal product, if  needed?

 7. Is there adequate space to securely store 
study records?

 8. If  phone or Internet connectivity is 
required for randomization or other criti-
cal tasks, is it available or can it be made 
available (7 Chap. 34)?

3.3  Equipment Selection 
and Procurement

Pharmacy equipment is often specialized, 
heavy, sensitive, expensive, or all of these at 
once. Procurement time can be impressively 
long, with some equipment fabricated only 
once ordered, including many medical-grade 
refrigerators and freezers, and  particularly 
ultra-low-temperature freezers. Consider the 
following questions during study startup:

 5 Where can equipment be procured, and 
how long will it take to purchase, receive, 

ship, clear customs, transport to the site, 
set up, qualify if  needed, and train staff  to 
use it? Is the equipment being sourced 
from Europe or another region of the 
world where companies may cease opera-
tions to give staff  a month of vacation?

 5 Is there expertise at the site to:

 5 Assemble the equipment?
 5 Qualify the equipment for its intended 

use?
 5 Train other study staff  on the equipment?

When choosing vendors, consider the 
availability of networks for service, spare 
parts, and repair, as well as whether the equip-
ment can be serviced in the field by staff. A 
study could start without long-term mainte-
nance plans in place, if  necessary, but this 
presents an additional risk of having to rap-
idly procure replacement equipment or stop 
the study due to equipment malfunction.

3.3.1  Cold-Chain Equipment: 
Refrigerators and Freezers

An overview of cold-chain requirements fol-
lows (7 Chap. 39), but a few cold-chain tips 
directly pertaining to the pharmacy are listed 
below. Refrigerators and freezers generally 
have a form factor of either upright (like a 
regular kitchen refrigerator), chest (approxi-
mately waist high), or portable (around the 
size of a drink cooler). . Figure 4 compares 
several important form factor considerations 
when selecting a device, although individual 
devices vary in their capabilities.

When acquiring refrigerators and freezers, 
every possible attempt should be made to 
acquire a laboratory or pharmacy freezer 
(. Fig.  5) rather than a commercial freezer 
intended for food storage. Purpose-built units 
should have less variation in temperature 
ranges around the programmed set point, as 
well as a more uniform temperature through-
out the storage space, which is essential when 
products must be stored within narrow ranges. 
Some manufacturers make specific models 
that are more robust for operation in adverse 
environments with unreliable power supply.
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       . Fig. 4 Refrigerator and freezer form factor comparison

       . Fig. 5 A mixture of  freezer types used at a study storage depot site in Freetown, Sierra Leone, including upright, 
chest, and passive transport containers. (Photo: Matthew Kirchoff)

A few other cold-chain tips useful to the 
pharmacy:

 5 Units filled with more mass are more sta-
ble in temperature and hold a tempera-

ture longer than a unit filled with mostly 
air. Consider filling up a portion of  the 
empty space using bottles of  water or 
other material with high specific heat, like 
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phase change materials used in cold-chain 
shipping. It is critical that this mass is 
either added and allowed to stabilize at 
the correct temperature prior to the stor-
age of  temperature-sensitive products, or 
that the extra mass is brought to the same 
temperature as the unit before being 
placed inside. If  done incorrectly, adding 
mass can cause a temperature excur-
sion.  Certain thermal phase change 
inserts for packaging can increase the 
temperature  by tens of  degrees Celsius 
and require days to stabilize.

 5 Ice packs or filled plastic water bottles can 
be used as thermal mass. Cool the thermal 
mass to the desired temperature in a stor-
age unit not being used for product storage 
before transferring the thermal mass to a 
freezer with a temperature-sensitive prod-
uct.

 5 Verify the definition of controlled room 
temperature for particular products.

 5 Temperatures in spaces that contain prod-
ucts labeled for storage at “Room Temper-
ature” or “Controlled Room Temperature” 
need to be verified and recorded regularly.

The U.S.  Pharmacopeial Convention 
revised its temperature and storage definitions 
in 2017 to meet the requirements of bodies 
like the FDA and ICH (7 Sect. 6.2 includes a 
list of guidance). A useful note on current 
guidelines prepared by a commercial vendor 
has also been posted by USP, and WHO pub-
lishes a compendium of standards (USP 2017; 
Vaisala 2012; WHO 2003). Various standards 
and guidelines documents define controlled 
room temperature and other terms slightly 
differently, so it is important to be specific 
with temperatures rather than accepting terms 
like controlled room temperature without fur-
ther specification.

Finally, if  setting up a trial in a remote 
location, you may be required to rely on your 
partners to implement cold-chain and certain 
other systems. Be careful about ensuring that 
the partners agree in detail on a common stan-
dard for meeting regulatory expectations for 
controlled temperatures. It is critical to thor-

oughly assess each partner’s storage for ade-
quacy, including past performance, backup 
systems, procedures, and staff training. 
Regardless of the partner’s reputation or 
assurances, pharmacists should meet in per-
son to verify the setup and their common 
understanding of operating procedures, moni-
toring, etc. If  the site is inaccessible, work 
through a copy of their standard operating 
procedures (SOPs) by videoconferencing, or at 
a minimum perform a step-by-step walk-
through by telephone, covering critical proce-
dures such as receipt, storage, and packaging 
of the product.  Cold  chain is a deceptively 
tricky process to implement effectively, and the 
quality tends to be variable. If  the investiga-
tional medicinal product is highly temperature- 
sensitive, such as a messenger RNA (mRNA) 
vaccine or monoclonal antibody, there is no 
margin for misunderstanding.

3.3.2  Continuous, Real-Time 
Temperature Monitoring 
Systems

In our increasingly connected world, contin-
uous, real-time temperature monitoring sys-
tems can be implemented almost 
anywhere, even in remote areas. Many moni-
toring devices run on batteries and can func-
tion two years or more before depletion, 
depending on the frequency of  recordings 
and transmission. The final factor then 
becomes an Internet connection. Cellular 
data service is now available in most areas 
with sufficient population for an outbreak 
large enough to require a large-scale research 
response. Even with spotty connections, 
most remote monitors can store several days’ 
worth of  data, which are uploaded when the 
connection is restored. It is good practice to 
have a second Wi-Fi hotspot available but 
turned off, fully charged, topped up with 
account or subscriber identity module (SIM) 
card credit, and utilizing the same broadcast 
Service Set Identifier (SSID)  and login cre-
dentials as the primary device (. Fig.  6). 
This allows for the second device to back up 
the first without reconfiguring site equip-
ment.
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       . Fig. 6 A mobile hot 
spot device and SIM card 
used as an Internet backup 
device for real-time 
electronic temperature 
monitoring. (Photo: 
Matthew Kirchoff)

       . Fig. 7 Compounding space developed in West Africa from a storage facility. (Photo: Matthew Kirchoff)

3.3.3  Horizontal Flow Hoods 
and Biological Safety 
Cabinets

In an austere, remote environment, it may be 
impossible to locate or install a sterile com-
pounding space (. Fig. 7) for the preparation 
of sterile  products. A pharmacist can, how-
ever, take measures to improve the conditions 
under which a sterile product is prepared. 
Simple precautions, when implemented cor-
rectly, can protect the product from significant 

contamination by the preparing staff  and by 
the immediate environment. Such measures 
include wearing sterile gloves, sterile gowns, 
surgical/procedure masks, and bouffant caps. 
To mitigate contamination from the environ-
ment, a vertical or horizontal flow hood is 
called for, but if  none is available the product 
may be prepared in a closed area sequestered 
from other activities, regularly cleaned with 
appropriate disinfectants, and with sterile 
drapes or other disposable sterile material 
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       . Fig. 8 Compounding 
medications for adminis-
tration to clinical trial 
participants. (Photo: 
Matthew Kirchoff)

used as a sterile field. If  the space is a small, 
enclosed area, commercial high-efficiency 
particulate air (HEPA) filter devices can be 
added to the room. If  light sockets are avail-
able and the area not continually occupied, an 
ultraviolet light bulb could be regularly run.

In an emergency, it is recommended that 
research pharmacists use their expertise in 
consultation with experts on the trial team or 
at the product manufacturer to determine if  a 
basic solution, such as the one above, may be 
implemented until better equipment can be 
procured. The manufacturer may set the time 
for which the product can be held for use after 
final preparation based on advanced sterile 
compounding practices. Additional time and 
temperature restrictions may need to be 
placed on the compounded product to 
account for less-than-ideal sterility (. Fig. 8).

3.4  Planning for Multiple Sites

In most multi-site trials, investigational 
medicinal products are shipped directly 
from the manufacturer to each research site, 
occasionally using a central shipping vendor 
that may ship to depots in different coun-
tries but seldom from one study site to 
another. Outbreaks can have several adverse 

effects on the supply chain, especially when 
countries cut transportation links in order 
to stop the spread of  contagion or restrict 
exports to meet their own needs first. Add to 
that the overall difficulty of  transport in 
underserved locations, and inter- site ship-
ping may well become a more attractive 
logistics option than shipping from across 
the world.

When shipping an investigational medici-
nal product to a second site, consider the fol-
lowing steps:

 5 Obtain written permission from the spon-
sor and manufacturer.

 5 Obtain import and export permits, if  
needed.

 5 Notify regulatory authorities, if  required.
 5 Ship product in thermal packaging, includ-

ing a temperature monitor and copies of 
the temperature records for the product 
since receipt at the sending site (7 Chap. 
37).

 5 Include a product manifest.
 5 Write the allowable temperature range on 

the package or on a piece of paper inside.
 5 Provide clear written instructions to the 

receiving pharmacist. Instructions regard-
ing whom to notify upon receipt of the 
product must be printed inside the pack-
age.
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3.5  Pharmacy Staff Roles 
and Responsibilities, 
Education, and Training

According to the ICH E6 Efficacy Guidelines 
for Good Clinical Practice, “where allowed/
required, the investigator/institution may/
should assign some or all of the investigator’s/
institution’s duties for IMP(s) accountability 
at the trial site(s) to an appropriate pharma-
cist or another appropriate individual who is 
under the supervision of the investigator/
institution” (ICH 2016).

Clinical research pharmacists are critical 
members of the clinical study site team and 
must have the expertise to understand the spe-
cial handling requirements of IMPs. Clinical 
research pharmacists assigned by the investi-
gator or institute need to understand the man-
agement and documentation of IMP receipt, 
storage, dispensing, returns, and final disposi-
tion. They should possess an expert working 
knowledge of the clinical research study pro-
cess, human subject protections, and national 
and local regulations governing drug research. 
They are responsible for providing informa-
tion to the appropriate healthcare team mem-
bers to enable correct dispensing of IMP 
(American Society of Health-System 
Pharmacists 2018).

It is critical to understand the educational 
and skill level of all partners and to arrange 
for additional training and assistance as 
needed. The practice of pharmacy across the 
world varies from pharmacists with doctor-
ates, residencies, fellowships,  and years of 
practicing bedside with physicians, to phar-
macists with minimal specialized formal edu-
cation (International Pharmaceutical 
Federation 1997). Some pharmacists  lack the 
skills to administer vaccines, prepare intrave-
nous admixtures, mix compounded medica-
tions, and ensure sterility where required. 
Some countries lack a legal and regulatory 
framework for pharmacists to practice at a 
level higher than product management and 
basic drug interaction checking. Pharmacists 
should not operate beyond their training or 
legal scope of practice. In an emergency, regu-
lators may be willing to formally expand the 

scope of practice, in which case the pharma-
cists need to receive training on the new skills. 
The pharmaceutical manager in this scenario 
must document and sign off  on the training 
received to ensure and be able to demonstrate 
that pharmacists do have the knowledge to 
fulfill their expanded duties. Regardless of the 
scope of practice, all research pharmacists 
should complete training and associated doc-
umentation on GCP, ICH guidelines, and 
ethical considerations, including aspects of 
patient safety and institutional procedures.

Visiting pharmacists not licensed in the 
country where research is conducted should 
seek clarity regarding their authorization to 
practice. Establishing a Memorandum of 
Understanding (MoU) with the host country 
allowing for recognition of foreign pharmacy 
licenses is an ideal scenario. Such an arrange-
ment would generally be negotiated as part of 
a broader MoU covering healthcare person-
nel. In the absence of a formal agreement, 
ensure that all work requiring a licensed phar-
macist is performed by or supervised by an 
appropriately licensed pharmacist.  If  a for-
eign pharmacist cannot practice pharmacy 
directly, they still may be able to advise and 
train the local pharmacists on study adminis-
tration and procedures.

At a minimum, all staff  should provide a 
current copy of their most recent pharmacy 
license, which should be maintained at the site 
and backed up at a second location. Expiration 
dates should be reviewed to ensure current 
licensure. A current curriculum vitae and any 
recent skill-specific training  documentation 
should also be collected and kept with phar-
macy licenses.

3.6  Concurrent Expanded Access 
Program Support

In an emergency, an investigational medicinal 
product may be made available for individual 
patients on a case-by-case basis, utilizing rele-
vant programs or laws. A product may also be 
made more broadly available under an 
expanded access program, monitored emer-
gency use of unregistered and experimental 
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interventions (MEURI), or equivalent arrange-
ments (FDA 2019; Lipsitch et al. 2016; WHO 
2014). These programs do not have the scien-
tific rigor of a controlled clinical trial and are a 
stopgap measure to provide some relief while 
trials can get underway, or for some patients 
who do not qualify for study enrollment. These 
programs may also be the unfortunate fallback 
if a trial is halted by extraneous circumstances 
(Rojek et  al. 2020). Although it is preferable 
that an expanded access program not run con-
currently at the same site as a trial using the 
same product, a site implementing an expanded 
access program could operate simultaneously 
with a clinical trial at nearby sites. Ring trial 
designs can also address the therapeutic mis-
conception (the unwarranted belief that a can-
didate medical countermeasure is better for the 
recipient than alternatives or placebo), thus 
assuaging popular pressure for access to 
unproven medications. Pharmacists must be 
careful to ensure that the study product is not 
exchanged between the two programs. 
According to ICH (2016) E6(R2) 4.6.5, “The 
investigator should ensure that the investiga-
tional product(s) are used only in accordance 
with the approved protocol.”

It is not appropriate for an expanded 
access site and a clinical trial site to exchange 
an investigational medicinal product, even 
during times of shortage. The primary risk 
falls on the trial site, as record-keeping at an 
expanded access site may not be adequate to 
verify the proper shipment and storage of the 
investigational medicinal product while it was 
held at the expanded access site.

4  Pharmacy Operations

4.1  Procuring Pharmacy Supplies

4.1.1  Importing Ancillary 
Pharmaceutical Products

A case can be made for procuring ancillary 
medications and supplies locally to take 
advantage of reduced export and import doc-

umentation, lower shipping costs, rapid avail-
ability, compliance with local regulations, and 
local staff  familiarity with the products. 
Unfortunately, a number of factors may 
impede local procurement (Nebot Giralt et al. 
2020):

 5 Specified products may not be available.
 5 Quality of generic products may not be 

assured.
 5 Products may not have been stored prop-

erly.
 5 Counterfeit products may be widespread.

For imports, follow general logistics guide-
lines (7 Chap. 37), ensuring that any applica-
ble export and import permits are in place and 
local procedures are followed. Include a copy 
of any permits with all shipments, placed in a 
location that will not require unpacking for 
access. A detailed inventory listing the prod-
ucts, identifier codes, lot number, and expira-
tion dates should be included. Value of the 
products may also be needed  for customs. 
Include information on whether the shipment 
contains products with specified temperature 
requirements on the outside of any packag-
ing.

Be aware that many countries have laws 
and regulations governing the expiration dates 
of imported products. This is often a result of 
past experience with companies dumping 
short-dated or even expired products under 
the guise of assistance, often for tax advan-
tages (Pinheiro 2008). Ideally, ensure that all 
products have an expiration date at least a 
year after import. Unless there is an MoU in 
place with a provision for duty-free import, be 
prepared to pay tax on imported  medications. 
Finally, be aware that imported medica-
tions approved in another country, but not the 
host country, may be considered an unap-
proved, non- investigational medicinal prod-
uct by the host country and require regulatory 
review or waiver. Ensure any waivers or deter-
minations are documented in writing and 
readily available for inspection.
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4.1.2  Management of Ancillary 
Products

It is strongly recommended that products crit-
ical to a trial be managed, segregated, and 
accounted for separately from identical or 
equivalent products used for general medical 
care. The separation of trial products serves 
two purposes. First, it creates barriers to acci-
dental use of incorrect or incompatible sup-
plies for preparation and administration. 
Second, it makes supply planning more pre-
dictable and accidental stockouts less proba-
ble. Keeping these products in the pharmacy 
near the investigational medicinal products 
helps ensure their careful management and 
prevents accidental use by a clinician at the 
site. Logs of these supplies and internal audits 
(stock takes) by staff  should occur regularly, 
at least monthly. To explain one scenario, 
imagine a nurse selecting a 23-gauge needle 
and 3 mL syringe combination to administer a 
pharmaceutical. In general, clinical care nee-
dles of a given gauge, length, and associated 
syringes are interchangeable, so the nurse may 
or may not give a second thought as to which 
product is pulled, so long as it meets his or her 
requirement. In a clinical trial, limited com-
patibility data may require the use of one 
specified product, from a specific manufac-
turer, since it is possible that a syringe or nee-
dle containing different materials could 
interact chemically with the investigational 
medicinal product. It is critical, then, to ensure 
that the compatible product is available.

In scenarios where the preparation and/or 
administration of an investigational medici-
nal product requires a variety of ancillary 
products, consider creating “go bags” or 
“mobile kits” (. Fig. 9). These can be partic-
ularly useful when conducting trials at multi-
ple remote sites without dedicated clinical 
research staff, or if  there is a significant chance 
of accidental use of trial supplies for regular 
care. This concept has been used with great 
success in several trials in West and Central 
Africa. Ideally, the investigational medicinal 
product owner, usually the manufacturer, will 
provide a quantity of prepackaged “kits” 
commensurate with the number of investiga-

tional medicinal product in each shipment, 
with some overage. Alternatively, a central 
coordinating site can create such kits and dis-
tribute them to sites. Kits should contain all 
necessary supplies to prepare and administer 
an investigational medicinal product. Overage 
should be included for critical items, such as 
sterile products that may accidentally become 
contaminated, or a certain number of backup 
kits should be provisioned with the full com-
plement of required ancillary supplies. All 
kits should include an itemized contents 
log  with expiration dates for perishable 
items and instructions for proper storage, and 
should be secured with serialized zip ties or 
other means to ensure the integrity of each 
kit. Contents of each kit must be regularly 
checked to ensure perishable items are 
replaced prior to their expiration.

5  Final Disposition

5.1  Final Disposition 
of Investigational Medicinal 
Products

Concurrence from the manufacturer should 
be documented in writing before any investi-
gational medicinal products are destroyed. 
Guidance from the manufacturer should be 
followed, or if  no guidance is provided, 

       . Fig. 9 An example of  a “Go Bag” used in sites 
across West Africa to ensure basic supportive treatment 
for anaphylactic reactions. (Photo: Matthew Kirchoff)
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review local laws regarding destruction and 
follow them or exceed their requirements if  
they do not appear to ensure safety. 
Incineration is a common method and tends 
to be available in most locations. The stan-
dard for investigational medicinal product  
destruction in clinical research is to perform 
a witnessed destruction. A destruction form 
or memo placed in the study file should detail 
what products were destroyed, when, where, 
how, and by whom, with a second party wit-
nessing the destruction and signing the form 
or memo.

5.2  Destruction or Donation 
of Ancillary Medical Products

Most countries will have a formalized process 
for the destruction of medical products. A 
local pharmacist should be well versed in 
those processes, including required notifica-
tion to a regulatory authority or other docu-
mentation. For a variety of reasons such as 
accidental overstocking, order errors, or 
changes in protocol, pharmacists may find 
themselves with medical products which are 
not expired and no longer of use to the study. 
If  it makes sense to donate these products 
locally, create a detailed list and obtain writ-
ten concurrence from the principal investiga-
tor.

Under no circumstances should expired 
medications ever be donated (Pinheiro 2008). 
This has become a lively and sensitive political 
issue in many developing countries, and not 
without reason. Additionally, it may be illegal 
to donate medications that are not far from 
their expiration dates. Consult a local phar-
macist or the regulatory authority for any 
requirements. If  there are no prohibitions on 
short-dated approved medications, require 
assurance from recipients of any of these 
products that they will be used within the 
remaining unexpired time and that under no 
circumstances will these products be used 
after expiration. Your organization’s reputa-
tion and possibly legal liability are on the line, 
and a well-intentioned but ill-judged donation 
could spell the end of your research. It is thus 

important to develop SOPs on the destruction 
and donation of medical products.

6  Foundational Guidance

Investigational pharmacy practice in an emer-
gency has rarely been the focus of books, sem-
inars, or training courses, but a few groups 
have produced articles or documents that pro-
vide a solid foundation when reviewed 
together. These materials should be shared 
with internal and partner pharmacy staff  as 
reference and training materials. All docu-
ments and websites should be checked for 
updates; not only do laws and regulations 
change with developing technology, clinical 
practice, and new threats to human health, 
but organizations like ICH have established 
cycles of guideline revision. Pharmaceutical 
managers are critical during the investiga-
tional protocol because they ensure the integ-
rity of IMP and ancillary therapy 
administration, compliance with the study 
protocol, GCP, and local and sponsor regula-
tory requirements. Investment in pharmaceu-
tical management training is essential for 
current and future outbreak emergency 
responses since availability and management 
of clinical trial supplies typically become a 
bottleneck in the conduct of clinical studies.

6.1  Regulations

 5 National Institute of Allergy and Infec-
tious Diseases (NIAID) ClinRegs, aggre-
gating clinical research regulations from 
around the globe (NIAID 2023).

 5 Current ICH GCP and more than 50 addi-
tional clinical guideline documents are 
implemented by member regulatory agen-
cies including the U.S.  Food and Drug 
Administration (FDA), European Medi-
cines Agency (EMA), and others (EMA 
2021; FDA 2018; ICH 2016).

 5 FDA 21 CFR Part 11 or European Union 
Annex 11, and associated guidance docu-
ments (EC 2011; FDA 2003).
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6.2  Operations

 5 American Society of Health-System Phar-
macists (ASHP) Guidelines for the Man-
agement of Investigational Drug Products 
(American Society of Health-System 
Pharmacists 2018).

 5 Hematology/Oncology Pharmacy Associ-
ation (HOPA) Investigational Drug 
 Service Best Practice Standards (HOPA 
2014).

 5 NIAID Division of Microbiology and 
Infectious Diseases (DMID) Guidelines 
for Clinical Study Product Management 
(NIAID 2015).

 5 Pharmacist-Prepared Dispensing Guide-
lines for Drugs Used in Clinical Research 
(Siden et al. 2012).

 5 Pharmacy Guidelines & Instructions for 
DAIT-Sponsored Clinical Trials & Net-
works (NIAID 2016).

 5 Practice Guidance on Pharmacy Services 
for Clinical Trials (Royal Pharmaceutical 
Society of Great Britain 2019).

 5 Requirements for Pharmacy Activities at 
[Division of AIDS] DAIDS-Supported 
Clinical Research Sites Conducting Clini-
cal Trials Outside of the HIV/AIDS Clini-
cal Trials Networks (NIAID 2014).

? Discussion Questions
 1. How is working with investigational 

medicinal products (IMPs) generally 
more challenging than working with 
approved pharmaceutical products?

 2. Regarding IMP stability, it is critical to 
develop an early understanding of  stor-
age and transport requirements, con-
duct thorough planning with detailed 
attention to circumstances in the study 
setting, and pay close attention to an 
environmental control plan. Discuss 
methods for controlling the tempera-
ture, humidity, light exposure, physical 
agitation, and material compatibility of 
the IMP environment.

 3. Describe some considerations for label-
ing IMPs in a multilingual environment.

 4. An absence of  or defect in any essential 
element for project initiation and con-
tinuation may have a disproportionate 
effect on the success of  trial operations, 
to the point of  delaying or stopping the 
trial. Considering the effect of  each ele-
ment on trial conduct, what questions 
should you consider first when perform-
ing a risk-based analysis of  such ele-
ments during planning?

 5. Discuss critical items to consider when 
developing or reviewing an existing 
pharmacy research facility during an 
outbreak in a resource-constrained area.

 6. Pharmacy equipment is often special-
ized, heavy, sensitive, and expensive. 
Procurement time can be long, with 
some equipment fabricated only once 
ordered, including many medical-grade 
refrigerators and freezers, particularly 
ultra-low-temperature freezers. List 
important considerations of  equipment 
selection and procurement during an 
outbreak in a resource-constrained area.

 7. What are some important steps to con-
sider when shipping an investigational 
medicinal product from one study site to 
a second site?

 8. Why is it strongly recommended that 
ancillary products critical to a trial be 
managed, segregated, and accounted 
for separately from identical or equiva-
lent products used for general medical 
care? Discuss the donation or disposal 
of  ancillary medical products.
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Owen Glendower: I can summon spirits from the 
vasty deeps.
Harry Hotspur: Why, so can I, or so can any man;
But will they come when you do call for them?
—Shakespeare, Henry IV, Part 1

Learning Objectives
This chapter will help readers understand and 
describe the following:

 5 The many requirements and backup mea-
sures needed to ensure that investigational 
medicinal products stay at specified tem-
peratures during manufacturing, shipment, 
and storage (cold chain)

 5 Mitigation strategies for identified risks
 5 Steps to ensure a reliable electrical power 

supply and backup measures
 5 How to generate an impact and effort 

matrix for prioritizing mitigation strategies

1  Introduction

The system for keeping a product at a speci-
fied temperature from the point of production 
to final delivery is called a cold chain—a term 
used for food and some other commercial 
deliveries as well as in science and medicine. 
At each stage of production, storage, trans-
port, and delivery, the product must be kept at 
the specified temperature. Many routinely 
administered vaccines and many advanced 
treatments, as well as investigational medici-
nal products (IMPs)—both vaccines and ther-
apeutics—are highly sensitive to temperature 
excursions, that is, failure to maintain the pre-
scribed temperature at all times. Some prod-
ucts must be kept at very low temperature 
(under −60  °C), where a nominal −80  °C 
freezer or dry ice might be used; others must 
be kept cold (2–8  °C) but protected from 
freezing (Wirkas et al. 2007); still others must 
be kept at controlled room temperature 
(15–25 °C) (ECA Academy 2017).

IMPs require particular attention because 
they are generally in short supply and have 
not been fully tested for tolerance of 
 temperature variations. Biological samples 
from patients that must be analyzed must 
also be kept at specified temperatures 
(Gordy et al. 2019). It is not unusual to have 

temperature specifications that differ during 
the stages of  shipment, storage, and use of 
the product (e.g., store frozen product at less 
than −60 °C; store at 2–8 °C after reconstitu-
tion). If  that is not complex enough, clinical 
trials and laboratories can use multiple prod-
ucts with different temperature specifications. 
A temperature excursion, as a significant 
departure from the required temperature is 
known, can have dire consequences, such as 
rendering a pharmaceutical product or bio-
logical sample useless. Any temperature 
excursion will require that the affected prod-
uct be quarantined, pending an assessment 
of  whether it can still be used. An unrecorded 
excursion could lead to loss of  product 
potency and failure of  a trial and even endan-
ger the lives of  trial participants.

Such temperature specifications require 
attention to detail but are routine in devel-
oped countries with a reliable power supply, 
established distribution networks, readily 
available laboratory-grade freezers,1 skilled 
maintenance personnel, and specialized pack-
aging for transport. When a research program 
must be set up urgently in a low-resource envi-
ronment, setting especially in a remote loca-
tion like, say, the eastern Democratic Republic 
of the Congo (DRC), all of these require-
ments may be absent. While 7 Chap. 37 dis-
cusses supply and logistics challenges more 
generally, this guidance is intended to help the 
reader cope with the specific challenges of the 
cold chain—something essential to virtually 
every clinical trial. It can be done wherever it 
must be done, but it requires careful planning 
and execution at every step.

This chapter starts with an overview of the 
distribution process, followed by good distri-
bution practice and risk assessments and then 
preparedness and mitigation. We also outline 
how to ensure a reliable electrical power sup-
ply. Finally, we lay out some standard operat-

1 “Freezers” is used throughout the text to refer to 
various units ranging from ultracold or −80 °C units 
to 2–8 °C refrigerators. Likewise, while the text gen-
erally refers to INDs (investigational new drugs), 
the same considerations apply to other temperature-
sensitive medications and supplies coming in and 
biological samples going out.
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       . Fig. 1 Worksheet from a WHO cold chain inventory and gap analysis for an immunization program. (WHO 
2021; Courtesy WHO)

ing procedures to help ensure success and 
prevent problems from turning into failures. 
We have cited more detailed guidance on spe-
cific aspects of cold chain management below. 
The World Health Organization (WHO) has 
produced a more detailed overview (WHO 
2015); however, it is oriented to distribution 
of standard vaccines, which  generally do not 
require the very low temperatures needed for 
many experimental products. Finally, just to 
make it abundantly clear that this short chap-
ter cannot fully cover the subject, . Fig. 1 is a 
screenshot of one worksheet of a WHO work-
book produced to assist with practical cold 
chain inventory.

2  Process Overview

“Distribution of pharmaceutical products” 
(. Fig. 2) covers the process by which prod-
ucts move from the manufacturer to the point 
of use, in conformity with temperature and 
other guidelines for their shipping and stor-
age. While distribution focuses on storage 
locations or depots, products must also be 
kept at the specified temperatures during 
transport and at point of use.

2.1  Storage Locations or Depots

A storage site or depot that stores temperature- 
sensitive products for a clinical trial will 
require freezers (. Fig. 3) and refrigerators to 
handle the specified temperature ranges of all 
the products and supplies needed for the trial.

Each type of unit should have at least one 
backup unit in case of malfunction. The freez-
ers will generally need to be in air-conditioned 
rooms: freezers produce heat during opera-
tion, and most will not operate effectively if  
the ambient temperature is above 
30  °C. Tropical- rated freezers can operate at 
up to 43 °C, but ambient room temperature is 
still important for efficiency and to minimize 
the chance of a temperature excursion during 
put-away, picking, or packing and for storage 
of room-temperature items. Ambient air- 
conditioning in the depot should be moni-
tored, controlled, and operated with the same 
level of monitoring and safeguards applied to 
freezers. All of this equipment will need a reli-
able power supply, as explained below.

Freezers and refrigerators used for storage 
of investigational new drugs (INDs) should 
be designed for this purpose. Commercial, 
nonpharmaceutical-grade freezers and refrig-
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Shipment from Manufacturing/Distribution Center to 
Local Jurisdiction
• Always monitored for temperature
• High value shipment
• Combination of truck and air transportation

Shipment from Central Depot to Regional Depots
• May or may not occur, depending on design of supply chain
• Courier-based shipment, usually small truck
• Always monitored for temperature
• High value

Shipment from Depots to Clinical sites
• Courier based shipment, or possibly hand carry if depot 
   and clinical site are co-located.
• Should be monitored for temperature

       . Fig. 2 Distribution of 
pharmaceutical products: 
basic elements of  a cold chain 
system. (Author)

       . Fig. 3 −80 °C storage freezer at the Liberian Insti-
tute for Biomedical Research (LIBR). (Photo: Dan Lit-
tlefield)

erators are fine for storage of phase change 
materials but are not as consistent with their 
temperature control as pharmaceutical- grade 
freezers and refrigerators.

All depots have a standard set of steps that 
apply to the distribution process: receive, put 
away, store, pick, pack, and ship. The six steps 
shown in . Fig.  4 are the framework for 
assessment and operation of the depot.

2.2  Transport and Packaging

Success in packing and shipping temperature- 
sensitive INDs requires qualified thermal 
packaging, good standard operating proce-
dures (SOPs) for packing and shipping, and 
properly trained staff  to implement SOPs. 
Transport disruptions can occur anywhere 

and anytime but are especially likely in 
poorly served, remote areas during emergen-
cies. Less developed transportation networks 
may be subject to additional delays during 
rainy seasons or because of  other factors. 
Shipments into and out of  a country may 
also be held up by customs, port clearance, 
and other administrative and entry-exit 
requirements.

Thermal packaging is broadly separated 
into two categories: active and passive. Some 
characteristics of active and passive cooling 
are outlined in . Fig. 5. Active shipping solu-
tions are defined as those that provide cooling 
rather than just insulation and therefore 
require electrical power. Batteries are used to 
power active packaging while they are in tran-
sit and unplugged. Active “shippers” (ship-
ping units) also have power cords that can be 
plugged into electrical outlets at storage loca-
tions and in a vehicle if  so designed. Most 
active shippers use a compressor and refrig-
eration system and heating system to main-
tain temperature in the payload area. Active 
packaging is heavy and expensive but provides 
good temperature control. Passive thermal 
packaging uses the thermodynamic properties 
of a phase change material (frequently water- 
based for refrigerated products and dry ice for 
deep frozen) to counteract the heat that is 
transferred from the environment into the 
product packaging. Passive thermal packag-
ing is much more economical and lighter than 
active packaging but has limited duration and 
is not as forgiving of extreme environmental 
conditions or delays.
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Considerations 

Receive 

Put away IND should be put away in the correct storage location promptly to 

prevent temperature excursions.  The newly received product should be 

placed in a separate location and identified as “quarantine” until released 

by quality control. Temperature data from the shipment’s temperature 

monitor should be reviewed and sent promptly to the appropriate quality 

reviewer, usually the trial sponsor. 

Store 

Pick 

Pack 

Ship Shipping arrangements must be consistent with the qualification of the 

thermal packaging used. That is, the packaging should be rated to hold the

internal temperature within the specified range for the duration and 

ambient temperature exposure expected, plus a safety margin. 

When a request for a product is received by the depot, the local staff must 

be certain they are selecting the right product for the request. The product 

should be removed from storage only when thermal packaging is ready 

for use. 

The time between when the product is removed from storage and properly 

packed should be minimized.  Packing should be done promptly and 

correctly, consistent with standard operating procedures (SOP). 

Storage equipment should be qualified, temperature mapped (ISPE 2016; 

WHO 2019), continuously monitored, and manually inspected at least 

once a day by local staff. All of this should be appropriately documented. 

Products should be received and inspected immediately upon delivery. 

This includes recording temperature of product as received and inspection 

of the temperature monitor and packaging. 

Depot Process 

Step

       . Fig. 4 Process steps in depot operation. (Author)

Active Cooling Passive Cooling

Equipment examples

Electricity requirements

Ruggedness

Ease of use

Cost Higher ($2,000 - $15,000) Lower ($100 - $1,000)

Mobility

Duration of hold

Temperature monitoring Battery-operated data logger

Other requirements None 

Ability to regulate 
temperature

Has moving parts that can 

break, susceptible to 

electrical damage

Air conditioning units,

refrigerators, freezersand 

active shippers 

Required: grid / mains power; 

battery for shippers 

Yes, usually able to set and 

vary temperature throughout 

a range

After setup, typically requires 

little maintenance other than 

an air filter and battery 

change, occasional defrost

Conventional units may 

weigh several hundred kilos; 

portable units which can be 

carried by one to two people 

are becoming more available

Indefinite if supplied with 

power 

Preferably internet-connected 

continuous monitoring

Back-up power supply (UPS), 

voltage regulator

Commonly up to 96 hours, 

some capable of around a 

month 

High, shipment packages can 

usually be carried by one to 

two people 

Requires processes to ensure

duration and proper 

conditioning of PCM prior to 

each use

Usually high, with no moving 

parts or possibility for 

electrical damage

environmental temperature, 

usually colder to warmer 

Only moves toward the 

gradient of the ambient 

PCM and gel pack inserts 

need conditioning in a 

refrigerator or freezer prior to 

use 

Ice chests(including dry ice),

thermal shippers with phase-

change materials (PCM) 

       . Fig. 5 Features of  active vs. passive cooling. (Author)
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Thermal packaging is qualified for a prod-
uct temperature range, duration of shipment, 
and expected ambient conditions. First, the 
product temperature specification must match 
the temperature range for the thermal packag-
ing. Second, the planned shipping route 
should take no longer than the qualified dura-
tion of the thermal packaging. Finally, the 
shipment should be protected from unusual 
ambient temperature extremes. Keep in mind 
that one cannot rely on transportation com-
panies or customs agents to follow instruc-
tions on packages or shipping documents 
rigorously.

Qualification is often done by the supplier 
of thermal packaging and can be generally 
relied on, especially for reputable suppliers of 
thermal packaging. If  this documentation is 
not readily available, a field expedient qualifi-
cation can be done. The qualification should 
have a protocol that describes how the qualifi-
cation will be done. Temperature monitors are 
used to confirm that temperature is main-
tained appropriately within the thermal pack-
aging. The packaging should be exposed to 
the expected worst-case temperature environ-
ment as far as is practical for the expected 
shipment duration. Data from the tempera-
ture monitors should confirm that the pay-
load area of the thermal packaging maintained 
adequate temperature control through the 
qualification. The results should be docu-
mented in a report.

Phase change material (PCM) packaging 
and gel packs used for passive thermal pack-
aging must be brought to the needed tempera-
ture, or preconditioned, in a freezer or 
refrigerator before they are used. The precon-
ditioning cannot be done in a freezer where IND 
is being stored: the phase change (liquid to 
solid) is an energetic process and can cause a 
temperature excursion inside the freezer as it 
occurs. Once the PCM/gel pack is precondi-
tioned to the proper temperature, it will be 
ready to use for transport or can be moved to 
a freezer that is storing IND—where it will 
provide the benefit of additional time to act in 
the event of a power loss.

Data loggers that record time and temper-
ature inside the package during shipping 
should always be used, if  at all possible, 

because they can confirm that the product has 
stayed within temperature specifications. 
Quality cannot be inspected into a flawed pro-
cess, so monitoring is not a substitute for 
qualified thermal packaging, effective SOPs, 
and training. Many passive thermal packag-
ing systems will provide 72 hours or more of 
controlled temperature storage for an IND, 
and, as noted, the packing materials, once 
they are cold, can help safeguard against the 
consequences of a power loss.

The transportation process can be broadly 
separated into two parts: shipment of IND 
from manufacturing/distribution center to the 
local jurisdiction and shipment of IND within 
the local jurisdiction from cold chain storage 
depots to clinical sites. The movement of IND 
into the local jurisdiction is normally via inter-
national shipments that are a combination of 
truck and air shipping modes. Challenges in 
this part of the supply chain include long 
routes, delays in customs, and restrictions 
based on flight availability. Best practices for 
these shipments are use of high-quality ther-
mal packaging and reputable logistics compa-
nies that have the capability to intervene in a 
shipment in the event of delays (i.e., addition 
of dry ice to a shipment that is running low or 
even repackaging of a shipment as needed 
with fresh phase change materials).

Within the local jurisdiction, the transport 
process is likely to be via courier and small 
vehicles (trucks, autos, even motorcycles). The 
emphasis should be on determining the worst- 
case duration for each mode, which is com-
monly much longer than is typical. For 
example, a truck shipment from depot to clin-
ical site on an unpaved road during rainy sea-
son may normally take 2  hours but up to 
16 hours if  the road is flooded. These issues 
are captured during the risk assessment dis-
cussed in 7 Sect. 3 below.

3  Assessment

The two cold chain assessment methodologies 
we recommend are good distribution practice 
(GDP) assessment and risk assessment. By 
performing the GDP assessment, you ensure 
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that the distribution process is consistent with 
regulatory guidelines and industry best prac-
tices. The risk assessment ensures that you 
have investigated failure modes of the process 
and completed risk identification, analysis, 
and evaluation. Both analyses are critical to 
success in distribution of temperature- 
sensitive IMPs in challenging circumstances. 
The initial step of any assessment is to create 
a good process map of the cold chain process, 
one which identifies each distribution step, 
describes the storage and transportation con-
ditions for the products, and outlines the 
activities at each location.

3.1  Good Distribution Practice 
(GDP) Assessment

The objective of the GDP assessment is to 
identify any gaps between current practice at a 
depot and industry guidance. This can be in 
the form of a questionnaire based on appro-
priate industry guidance. We recommend the 
U.S. Food and Drug Administration (FDA) 
Good Manufacturing Practices, European 
Medicines Agency (EMA) Guidelines for 
Good Distribution Practices, and Health 
Canada Guidelines for Temperature Control 
of Drug Products during Storage and 
Transportation (CFR 1999; EMA 2020; 
Health Canada 2011). WHO Annex 9 can 
also be used as a basis for a GDP assessment 
(WHO 2011). FDA guidance for good distri-
bution practices has little detail. EMA and 
Health Canada guidance is more thorough 
but more prescriptive. WHO Annex 9 is a 
long, detailed, and prescriptive document, 
almost impossible to follow exactly in most 
emergency response clinical trials, but the 
WHO has also issued a user-friendly pam-
phlet version (John Snow Inc. and WHO 
2003). Our recommendation is to use these 
documents as they pertain to local needs.

If  a depot location has not been finalized 
or there are options to choose from, GDP 
assessment can help determine their relative 
suitability. The technique we recommend is an 
impact/effort matrix to map out the resources 
needed to bring each of the options into 
acceptable compliance. The impact/effort 

matrix (. Fig.  6) is a commonly used Six 
Sigma tool that can be used to map mitigation 
tasks into one of four quadrants: high impact 
and low effort, high impact and high effort, 
low impact and low effort, and low impact 
and high effort. The object is to prioritize 
work to do the easiest, most useful tasks first.

3.2  Risk Assessment

Risks to the cold chain must be assessed to 
improve the robustness of the distribution 
process during trial operation. There are a 
number of methodologies used in the indus-
try, and any are suitable. The International 
Conference on Harmonization of Technical 
Requirements for Pharmaceuticals for Human 
Use (ICH) Q9 Quality Risk Management cov-
ers all the common techniques (ICH 2005). 
Failure mode effect analysis (FMEA) is com-
monly used in the industry; another good 
method is a hazard and operability study 
(HAZOP). Both methods are described in 
versions of ICH Q9 promulgated by the FDA 
(FDA and ICH 2006) and EMA (EMA and 
ICH 2015).

There are two key points to risk assess-
ment in emergency response clinical trials:
 1. Murphy’s law: if  it can go wrong, it will.
 2. A redundant layer of protection is needed 

for all quality critical processes.

In a real-world example we experienced, one 
research program had a cold chain depot 
powered by the national electrical grid and 

Low Impact, 
High Effort 
(don't do 

these)

High Impact, 
High Effort 
(do these 
second)

Low Impact, 
Low Effort 
(easy wins)

High Impact, 
Low Effort 
(do these 

first)

       . Fig. 6 Impact/effort matrix. (Author)
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       . Fig. 7 Transporting passive storage containers 
 (ARKTEK®) for last-ditch emergency response. (Photo: 
Dan Littlefield)

three backup generators operated by a global 
social welfare organization. A last-ditch emer-
gency response plan using passive storage 
containers (. Fig. 7) was also in place.

Electrical grid power was cut during road 
maintenance, and the first backup generator 
was started up; ran out of oil thanks to leaks; 
and burned up after about 12 h of operation. 
The second and third generators suffered sim-
ilar fates in 12-h increments, leaving the site 
without power in under 36 h. We were never 
advised of the issues until all the generators 
had failed. We implemented our emergency 
response plan (good for 96 h) and arranged to 
have a generator installed and operated by our 
organization. No product was lost in the inci-
dent, but it illustrates that even what seems to 
be a triply redundant system may not be as 
strong as it seems, especially if  all the backup 
units can fail for the same reason.

4  Electrical Power

Electrical power can be unreliable in many 
places and yet is essential for successful 
research operations. Brief  and practical infor-
mation for managers is below, but note well 

that electricity is complicated and can be dan-
gerous. An appropriately trained and licensed 
individual should review critical decisions 
involving electrical supply and equipment 
selection. Expertise in both the particular fea-
tures of local electricity supply and the power 
requirements of scientific equipment may be 
needed—another instance where full partner-
ship between local and foreign experts may be 
essential. In any case, untrained individuals 
should not attempt to wire, modify, or test 
electrical connections, as this can result in 
serious injury or death.

4.1  The Basics

Some basic concepts include supply current 
(amperage, amps, or A), number of phases 
(single or three phase), voltage (volts, or V), 
hertz (Hz), plug type, grounding, power sup-
ply type, and backup electricity. Electricity is 
supplied via direct current (DC) and alternat-
ing current (AC). DC electricity is most com-
monly supplied from batteries, such as from a 
car’s electrical system. AC is used in building 
electrical systems and some solar refrigeration 
or freezing systems and is typically used in 
more powerful motors and fans. Note that 
DC electricity may be converted to AC if  
needed, and vice versa, using a device called 
an inverter.

Electrical current, or the amount of elec-
tricity flowing, is measured in amps (A). 
Voltage, or volts (V), is a measure of electro-
motive force. AC power also has a frequency 
represented by hertz (Hz), which is the rate at 
which current changes direction per second 
and is discussed in 7 Sect. 4.3 below. 
Pharmacy equipment and building electrical 
supply are usually either 50 or 60 Hz.

Power, measured in Watts (W), is calcu-
lated for DC and AC electricity as follows:

Watts DCPower Amps Volts( ) = ∗

W A V= ∗

Watts AC Power Amps Volts Power Factor( ) = ∗ ∗

W A V= ∗ ∗PF
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This calculation is useful to estimate the size 
of a generator to provide backup power to an 
equipment set. The easiest way to estimate a 
generator’s size is to use the rated watts for all 
the equipment it will supply. Once the total 
wattage is known, a generator should be 
selected where the total wattage needed is 85% 
of the rated generator power.

4.2  Connectors (Receptacles 
and Plugs)

Different regions of the world also use differ-
ent AC plugs and receptacles. In nations rely-
ing on substantial international donor 
support for facilities and equipment, a room 
or building may use an unexpected electrical 
plug. Adaptors may be obtained to convert 
between one adaptor plug type to another, 
but care must be taken to ensure that the 
adaptor is rated to handle the maximum cur-
rent of the equipment being plugged in. 
Underrated plugs may catch fire or otherwise 
fail. Plugging equipment into a receptacle 
with the wrong power supply could immedi-
ately destroy the equipment or, possibly 
worse, result in the equipment initially appear-
ing to function but causing insidious mal-
functions and eventual failure over time. 
Always test electrical outlets before use. The 
handheld- sized devices used to test a recepta-
cle are called “multimeters” and are available 
at hardware and online stores. Electrical 
receptacles in a building use unique plug types 

intended to prevent their accidental use, giv-
ing a clue as to the power supply at the recep-
tacle (assuming correct wiring).

4.3  Power (Amps, Volts, Hertz)

The installed receptacle in a facility should 
indicate the amperage rating of the receptacle. 
However, critical equipment such as ultralow 
temperature freezers should be plugged into 
outlets which are on their own wiring circuit 
so that the full amount of rated current is 
available to the equipment. Multiple pieces of 
equipment wired on the same circuit could 
deplete the available current.

Electrical motors often have a much 
higher power draw on startup than would 
otherwise be calculated using W  =  V  ∗  A. 
This consideration is critical when selecting 
equipment such as an uninterruptible power 
supply (UPS) (. Fig.  8), which may stop 
supplying power to the attached equipment 
if  overloaded. A single power outage could 
also cause a large spike in energy demand if  
multiple motor- driven pieces of  equipment 
are attached to the same electrical supply 
and simultaneously pull a large electrical 
load to start backup.

4.3.1  Voltage and Cycle
The voltage of a building’s electrical outlets 
will likely be 100–120 or 230–240  V.  Outlets 
may have a higher voltage if  wired to support 
specific equipment. AC electrical outlets in 

       . Fig. 8 Uninterruptable 
power supply, Sierra Leone. 
(Photo: Dan Littlefield)
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buildings will be either 50 or 60  Hz, and 
selected equipment should be built to run on 
the available electrical supply frequency or 
risk abnormal operation. A motor designed to 
run at one frequency, or hertz, will run pro-
portionally slower at a lower hertz and faster 
at a higher hertz.

4.3.2  Grounding (Earthing)
Countries with strict enforcement of  build-
ing codes are likely to be grounded (earthed) 
as required per appropriate guidelines. 
Facilities which are older or in a country 
with less strict code enforcement may be 
grounded inappropriately, inadequately, or 
not at all, despite the presence of  a ground 
pin receptacle on an electrical receptacle. 
Improper grounding is particularly concern-
ing as it could result in electrocution to an 
equipment user or more frequently the insid-
ious malfunction and eventually complete 
failure of  equipment. Ground wires are often 
grounded by running and burying the ground 
in the earth. This is often not found in older 
buildings in countries without strict code 
enforcement.

4.3.3  Power Supply Type: Grid, 
Generator, Solar

There are three primary types of power sup-
ply to a cold chain facility. Each has its own 
advantages and disadvantages. In all cases, 
multiple different sources (primary and 
backup) are recommended to reduce the 
chance of common failure modes.

Grid or “national” power is provided from 
dispersed sites by generating stations. It has 
the advantages of low cost and minimal sup-
port required from the research program 
team. The disadvantages include more or less 
frequent outages, and often relatively poor 
quality of power, e.g., fluctuations in voltage 
that can burn out unprotected equipment.

Generator power has the advantage of rea-
sonably high reliability and ease of operation. 
Generators are commonly used in developing 
countries, and high-quality generators are 
readily available, as is maintenance assistance. 

Operating costs—chiefly fuel—can be very 
high, and proper maintenance is essential for 
good operation.

Solar power has become more popular as 
it comes down in cost but has significant 
limitations. Solar power generation itself  is 
zero cost, but a solar power system requires 
not only solar panels but batteries to store 
power, along with inverters and transfer 
switches to supply power to end use loca-
tions. At least until recently, solar power has 
been useful primarily for low-current ser-
vices and is of  course rendered less useful 
when sunshine is reduced or when dust cov-
ers the panels.

The standard mix in low-resource situa-
tions, as long as a grid connection is available, 
is primary use of national (grid) power with 
generator backups.

4.3.4  Backup Electrical Power 
Source

When the primary source of electrical power 
goes down, there are several backup options. 
A good rule is to have two alternatives to the 
primary source of electrical power. Use of a 
UPS is an effective means to ensure continu-
ous supply of power in the event of a limited 
outage from the primary power source. A 
UPS should be sized to support critical equip-
ment, and noncritical equipment should not 
be connected to it. The sizing should match 
the expected duration of most power outages. 
The other advantage of a UPS is that it also 
provides protection from voltage fluctuations, 
eliminating the need for separate voltage regu-
lators.

Ahead of the UPS, backup power should 
generally be provided by one or more genera-
tors sized to support critical equipment. 
Generators can be installed with automatic 
startup and automatic transfer switches (ATS) 
to eliminate the need for someone to intervene 
and start the backup generator (. Fig.  9) 
when it is needed. Care should be taken to be 
sure the ATS is properly installed, as they can 
be damaged, especially in areas with poor 
grounding.
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       . Fig. 9 Backup generator, Sierra Leone. (Photo: Dan 
Littlefield)

       . Fig. 10 Voltage regulators mounted on pallets in 
case of  standing water in the building. (Photo: Dan Lit-
tlefield)

4.3.5  Surge Protectors and Voltage 
Regulators

Surge protectors guard against damage to 
sensitive equipment from voltage spikes. In 
other words, they can protect equipment from 
high voltage conditions, but not if  voltages 
drop. For this reason, they are best used only 
in low power services. Voltage regulators 
(. Fig. 10) have the advantage of protecting 
from high and low voltage conditions. This 
makes them optimal for sensitive equipment 
that could be affected by low voltage as well. 
Voltage regulators are sized for a maximum 
wattage and should be selected to ensure they 
are adequate for the maximum power required 
by the equipment.

Electrical power is often very unstable in 
developing countries. Daily outages and volt-

age swings large enough to damage equipment 
are commonplace. All sensitive equipment 
should be provided with a voltage regulator to 
protect it from damage from voltage swings. 
In addition, most countries use alternating 
current (AC) electricity at 50 Hz, rather than 
the 60  Hz used in the United States. Before 
procurement of any electrical equipment, 
specifications must be reviewed to ensure it 
can be used where intended.

5  Preparedness and Problem- 
Solving (Mitigation)

The logical follow-on to good distribution 
practice (GDP) and risk assessment is to 
develop and practice implementation of a 
mitigation strategy. GDP gaps and hazards 
that have a moderate to high likelihood of 
affecting patient safety or the success of a trial 
must be addressed. In emergency response 
clinical trials, the most important mitigations 
will ensure successful operation during power 
outages, robust packing and shipping pro-
cesses, regular preventative maintenance 
(PM), and effective response to emergencies. 
Implementation of the mitigation measures 
that follow will significantly improve IND 
storage and distribution.

5.1  Redundancy

The most common strategy to mitigate equip-
ment failure is redundancy. Two freezers are 
better than one, as the second can be used as a 
spare in the event of failure of the first freezer. 
However, the two freezers also have a com-
mon failure mode—loss of power—just as 
multiple generators can have a common fail-
ure mode, such as loss of lubricating oil. 
Using a strategy that accounts for common 
failure modes will thus help reduce the likeli-
hood of failure. One might, for example, want 
to install both a gasoline-powered and a 
diesel- powered generator made by different 
manufacturers in order to guard against fuel 
supply interruptions and any weaknesses 
common to a single manufacturer’s products. 
It is also important to have a passive (non- 
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powered) storage alternative based on ther-
mal packaging materials for INDs; we have 
experienced failures of triply and even qua-
druply redundant power systems.

5.2  Qualification

Freezers must be qualified to confirm that 
they are suitable for storage of INDs. There 
are three primary steps to qualification: instal-
lation qualification (IQ), operational qualifi-
cation (OQ), and performance qualification 
(PQ). Once user requirements are defined, the 
correct freezer can be selected. Freezers/refrig-
erators fall into three broad temperature cat-
egories: −80, −30, and 2–8  °C.  Residential/
commercial nonpharma equipment is not rec-
ommended for the storage of INDs, because 
they cannot be successfully qualified. The 
installation qualification for a freezer is 
focused on ensuring that the equipment is 
designed and built to meet the user require-
ments (primarily temperature range and stor-
age volume). The operational and performance 
qualifications are commonly combined for 
freezers and refrigerators. The objectives of 
the OQ/PQ are to map the interior of the 
freezer and find the hottest and coldest loca-
tions, demonstrate adequate temperature per-
formance after installation, and demonstrate 
adequate performance during upset condi-
tions (open door and loss of power).

5.3  Monitoring

Remote continuous monitoring is very useful 
for process documentation and oversight. The 
challenge may be Internet availability. A 
sophisticated process is needed to install a 
Wi-Fi hotspot and ensure it is maintained, 
regularly refilled with credit, and connected. 
Access to the hotspot should be restricted to 
prevent inappropriate use of the limited band-
width (7 Chap. 34). When selecting a contin-
uous temperature monitoring system, 
consider battery backup with a data storage 
and push system that can overcome tempo-
rary losses of Internet connection.

5.4  Preventing Shipment Failures

Storage equipment and power failure are of 
greatest concern because the result can mean 
catastrophic loss of  all IND, but the most 
likely failure to occur is loss of  temperature 
control during shipment because of  errors in 
packing and shipping. The most egregious 
shipping error we have experienced was ship-
ping a frozen product in only corrugated 
cardboard with no insulation. A key part of 
SOPs for thermal packaging is proper pre-
conditioning of  gel packs/PCMs (phase 
change materials). Failure to follow these 
procedures will result in temperature excur-
sions in passive thermal packaging. It pays to 
think through all the risks: the most common 
problem in shipping many vaccines for rou-
tine immunizations is that they are damaged 
by freezing when packed with materials 
cooled to too low a temperature (PATH 
2003).

5.5  Standard Operating 
Procedures for Mitigation

SOPs should be easy to follow, written in a 
language the expected users can read, and 
readily available in the work area. We have 
encountered organizations that assured us 
they had SOPs, but they were locked up and 
the person with the key was not available. We 
interpret that as “we do not have SOPs.” The 
users should be trained and drilled on the 
SOPs regularly. This means more than read-
ing the procedures; hands-on training and 
performance of critical functions such as 
starting up and checking generators must be 
practiced and assessed, along with imple-
menting passive backup using thermal pack-
aging materials.

Training in basic concepts of heat transfer 
and thermodynamics can also be valuable. 
Most staff  working in depots and pharmacies 
have no engineering background, but training 
in the basics will help them think problems 
through rather than follow SOPs by rote. 
Some of the more important concepts include 
the following:
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Equipment Type Recommended Inspections

Check battery life, check and/or replace calibrated probes. 

Freezers
Listen for unusual sounds, check for liquids under equipment, check for 

frost buildup around seals, check air filters, check alarm conditions.

Check for proper drainage, check air filters and replace on schedule. 

Electrical outlets
Check all outlets for discoloration or warping from high temperature,

inspect all plugs and cords for same. 

Voltage 

Regulators

Air conditioning 

(HVAC)

Temperature 

Monitors

Check alarm conditions, inspect all plugs and cords for discoloration or 

warping from high temperature.

       . Fig. 11 Preventive maintenance inspections by equipment type

 5 Mass of material directly affects the rate 
of temperature change; greater mass 
means lower rate of change.

 5 Thickness of insulation affects rate of heat 
transfer.

 5 Temperature difference (ambient vs. pack-
aged material) affects rate of heat transfer.

 5 Most of the heat sink in passive thermal 
packaging is in the phase change of the gel 
packs/PCM.

 5 For any given rate of heat transfer (q), the 
rate of change of the temperature of the 
contents of a freezer is q/mcp, where “m” is 
the mass of the contents and cp is the spe-
cific heat of the contents.

For example, a −80 °C freezer with 100 2 mL 
vials of IND and insulation that allows about 
2 kcal/h of heat transfer will reach −60 °C in 
just about 1 h. If  10 kg of already frozen gel 
packs are added into the same freezer (note: 
gel packs must be frozen before placing them 
in a freezer with product because the phase 
change of the gel packs requires a lot of 
energy and can cause a temperature excursion 
in the freezer), the time to reach −60  °C is 
closer to 50  h. The additional gel packs, 
because of their much larger mass (10 kg vs. 
0.2 kg IND), will require much more heat to 
raise their temperature.

5.6  Preventive Maintenance

Equipment and facilities need systematic 
inspection and maintenance as specified by 
the manufacturer. Ideally, incipient failures 

will be detected and corrected before they 
occur or at least before they turn into major 
defects requiring expensive and hard to 
arrange repairs. . Figure 11 provides a useful 
list of equipment and recommended basic 
inspections.

5.7  Emergency Response

In spite of  best efforts by all involved, fail-
ures will occur (see Murphy’s law). Timely, 
effective response will protect your IND. 
Assuming your SOPs are in place, the first 
important step to emergency response is to 
recognize there is an emergency. Remote 
monitoring and alarming of  freezer temper-
atures and electrical power help with this. If  
that is not possible, 24-h staffing of  the 
facility can meet the same need. Emergency 
phone call/SMS lists should be prominently 
posted within the site and outside the stor-
age facility. Provision should be made for 
the emergency contacts to travel quickly to 
the facility if  needed. Many local staff  
members may not have vehicles, and 
response cannot be left to rely on public 
transport during off  hours. Role-play sce-
narios should be created and exercised to 
give staff  the opportunity to troubleshoot 
and anticipate problems. Such scenarios can 
help uncover problems with emergency 
response SOPs, allow staff  to talk through 
troubleshooting strategies for various 
equipment failures, and provide real-life 
illustrations for training on concepts of  heat 
transfer and thermodynamics.

1026 D. J. Littlefield



6  Case Study

Storage of Ebola vaccine at central depot in 
Freetown, Sierra Leone. Frozen vaccine is 
stored at <−60 °C. The freezer is a four-shelf  
unit kept at −86  °C.  Onset® Hobo® brand 
temperature monitors are used to continu-
ously monitor the product temperature. Two 
additional −80 °C freezers are maintained in 
the depot to store phase change materials for 
use in shipping and passive storage. In addi-
tion, the two spare freezers are fully qualified 
to store product in the event the main freezer 
fails. All the freezers share the same electrical 
source, which creates a potential common 
failure mode (identified in the risk assess-
ment). Because of the common failure mode, 
additional emergency response plans were 
developed to protect the product.

First, passive storage containers capable 
of  maintaining <−60 °C for 4 days were put 
in service and kept as emergency storage in 
the event of  loss of  power. These were spe-
cialized passive thermal packaging, and two 
were always available. Because of  the unreli-
ability of  power from the site generators, an 
additional generator dedicated to the cold 
chain depot was installed. The quality of 
power from the national power supply was 
not good, and automatic transfer switches 
failed multiple times. Therefore, manual 
switching of  power to the backup generator 
was required. Since security guards were 
available around the clock, they were trained 
to respond to a power outage by switching 
the transfer switch and turning on the gen-
erator. Because the security guards were 
motivated and competent, they were also 
trained on basic preventive maintenance and 
operation of  the generator. They were 
responsible for checking water, oil, and diesel 
levels in the generator; they ran the generator 
under load every week to confirm it func-
tioned and were responsible for emergency 
response and notification in the event of  a 

power outage. Their work resulted in three 
successful interventions to prevent possible 
temperature excursions, and they maintained 
critical preventive maintenance documenta-
tion. In addition to product storage, vaccine 
syringes were prepared in the depot. The 
vials were thawed so the product could be 
diluted and placed in syringes. The syringes 
were then stored in passive thermal packag-
ing at 2–8 °C, where they were good for 12 h. 
The packaging available in Sierra Leone was 
a good returnable package, but the pack- out 
procedures had not been designed or quali-
fied. The initial pack-out, with three frozen 
gel packs and one refrigerated gel pack, 
resulted in temperatures that were too low. 
The pack-out was optimized to two frozen 
gel packs and two refrigerated gel packs, and 
the thermal packaging was then highly suc-
cessful. During an 8-month period where 
more than 12,000 vaccine syringes were pre-
pared, there were 4 deviations, but no prod-
uct loss from temperature excursions. The 
deviations were all electrical power related.

7  Conclusion

Consistent temperature control remains a 
challenge even for routine vaccine delivery in 
many countries (Kristensen et  al. 2016), but 
with the right expertise, sufficient funding, 
and attention to training and operations, it 
can be achieved even in the most difficult envi-
ronments. Given the indications that the 
world is seeing novel pathogens at an increas-
ing rate (Frutos et  al. 2020), and the reality 
that many of these will emerge in low-resource 
environments (Di Marco et  al. 2020), it is 
essential to maintain and improve cold chain 
expertise and methodology so that the neces-
sary research to counter EID threats to 
humankind, as well as distribution of the 
resulting vaccines and therapies, can continue 
as universally and equitably as possible.
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 Case Study and Discussion Questions

 Observations During Site Assessment

Storage of Ebola vaccine at central depot in 
Freetown, Sierra Leone. Frozen vaccine is stored 
at <−60 °C. The freezer is a four- shelf unit kept 
at −86  °C.  Onset® Hobo® brand temperature 
monitors are used to continuously monitor the 
product temperature. Two additional −80  °C 
freezers are maintained in the depot to store 
phase change materials for use in shipping and 
passive storage. In addition, the two spare freez-
ers are fully qualified to store product in the 
event the main freezer fails. All the freezers share 
the same electrical source. Site staff tell you that 
the quality of power from the national supply as 
well as the power from site generators is unreli-
able. The automatic transfer switch has failed 
multiple times. Security is available around the 
clock. In addition to product storage, vaccine 
syringes were prepared in the depot. The vials 
were thawed so the product could be diluted and 
placed in syringes. The syringes were then stored 
in passive thermal packaging at 2–8  °C, where 
they were good for 12 h. The packaging available 
in Sierra Leone was a good returnable package, 
but the pack-out procedures had not been 
designed or qualified. The initial pack-out, with 
three frozen gel packs and one refrigerated gel 
pack, resulted in temperatures that were too low.
1. Identify and list potential risks based on the 

observations in the site assessment. Several 
examples follow:

 5 The shared electrical source between the 
freezers is a potential common failure 
mode.

 5 No backup storage option is available to 
maintain the vaccine temperature 
<−60 °C if  power is lost.

 5 There are no pack-out procedures for 
the passive thermal packaging, and the 
packaging is not qualified.

2. Generate and discuss possible mitigation 
strategies for identified risks. Several exam-
ples follow:

 5 Because of the electrical common fail-
ure mode, additional emergency 
response plans should be developed to 
protect the product. Consider how new 

procedures can be implemented at the 
site.

 5 Obtain and use passive storage contain-
ers capable of maintaining <−60 °C for 
4 days as emergency storage in the event 
of loss of power. How many passive 
thermal packages are needed? How long 
must they be qualified for?

 5 Because of the unreliability of power 
from the site generators, an additional 
generator dedicated to the cold chain 
depot should be installed. Consider the 
preventative maintenance that is 
required for a generator and who will be 
expected to perform it.

 5 Due to failure of the automatic transfer 
switch, manual switching of power to 
the backup generator will be required. 
The 24/7 security guards can be trained 
to respond to a power outage by switch-
ing the transfer switch and turning on 
the generator.

 5 Review and optimize the passive ther-
mal packaging pack-out, and perform 
shipments with temperature monitors 
included to monitor the internal tem-
perature. Consider the number and tem-
perature of the phase change material.

3. Create an impact and effort matrix for the 
mitigation strategies such that they can be 
prioritized.
The risk ranking scale used is as  follows:

 5 High impact—failure to mitigate could 
result in adverse impact to operations

 5 Low impact—would be helpful to 
have

The effort score represents the amount of 
effort required to implement the mitigation 
strategy:

 5 Low effort
 5 High effort

The prioritization can then be done focus-
ing on high impact, low effort items first 
(refer to the impact and effort matrix).
Fill in the table below and discuss.
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Identifier Description Mitigation Strategy Responsible party Impact Effort

A – – – – –

B – – – – –

C – – – – –

– – – – – –

– – – – – –

– – – – – –

– – – – – –

– – – – – –

– – – – – –

– – – – – –

– – – – – –

 Foundational Guidelines

 5 International Society of Pharmaceutical 
Engineers Good Practice Guide: Controlled 
Temperature Chamber Mapping and Moni-
toring, 2016 (ISPE 2016).

 5 U.S. Code of Federal Regulations, Current 
Good Manufacturing Practices for Finished 
Pharmaceuticals (CFR 2022).

 5 European Commission, Guidelines of 5 
November 2013 on Good Distribution 
Practice of medicinal products for human 
use (EC 2013).

 5 WHO, Model guidance for the storage and 
transport of time- and temperature- sensitive 
pharmaceutical products (Annex 9) (WHO 
2011).

 5 ICH, Q9 Quality Risk Management (ICH 
2005).

 5 Parenteral Drug Association, Technical 
Report No. 52 Guidance for Good Distri-
bution Practices (GDPs) for the Pharma-
ceutical Supply Chain (Parenteral Drug 
Association 2011).
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Learning Objectives
This chapter will help readers understand and 
describe the following:

 5 Essential requirements for a clinical 
research site

 5 How a “roadmap” and flowcharts can help 
ensure proper implementation of clinical 
protocols

 5 What is required for conducting clinical 
research in an infectious disease emergency 
in a remote area with limited resources

 5 The roles of different agencies and institu-
tions in providing clinical care and con-
ducting quality clinical research

 5 Contingency planning to safeguard the suc-
cessful implementation of a research study

 5 Examples of creative problem-solving in 
previous emergency clinical research 
response

1  Introduction

This chapter covers principles and practicali-
ties for selecting research sites during an infec-
tious disease emergency and getting them into 
operation. While the coronavirus disease 2019 
(COVID-19) pandemic has demonstrated that 
emergency research response even in the most 
developed countries needs improvement, it is 
very likely that the next outbreak with pan-
demic potential will occur in more challenging 
circumstances in a developing country (Jones 
et al. 2008; Morens and Fauci 2020). We thus 
focus on resource-constrained locations with 
limited infrastructure, where various obstacles 
can impede rapid implementation of a 
research agenda, even setting aside possible 
civil or military strife. It is important to under-
stand the tribal, ethnic, religious, political, 
and economic circumstances in the research 
area (7 Chap. 18)—one of many reasons it is 
essential to have in-country partners (7 Chap. 
30). The disease outbreak itself  may have 
caused or intensified societal conflict, while 
compromised health status prevalent in a pop-
ulation may have exacerbated the outbreak, 
especially if  the outbreak affects refugee or 
displaced populations (Braveman 2011). The 
baseline assumption for this chapter is that the 

emergency response research program is 
 conducted in a challenging, resource-limited 
location and requires detailed planning and 
tireless attention to ensure that site selection 
and preparations satisfy research needs.

The better developed and more stable the 
research location is, the less likely all the steps 
outlined here will be necessary. A lower secu-
rity risk level, sound infrastructure, and a 
population with secure livelihoods are all 
important: the disease burden may be less-
ened by effective community education, the 
local medical system may be better able to 
cope, power and water may be more readily 
available, etc. However, the considerations, 
precautions, checklists, actions, and processes 
presented here can still serve as a fundamental 
baseline of structural needs relevant to any 
research program, regardless of external cir-
cumstances.

As we hope this book makes clear, scien-
tifically rigorous, ethically sound clinical 
research during outbreaks is possible even 
where there are few resources and consider-
able dangers (Mulangu et al. 2019; NASEM 
2017). Other chapters cover many other 
requirements, but on the most basic level, one 
cannot conduct research without a sound 
structure. In some of the examples we describe 
from the 2014–2016 West Africa and 
2018–2020 Democratic Republic of the 
Congo (DRC) Ebola outbreaks, there was no 
such place, or there were bare walls and a roof 
but little else (Kennedy et al. 2016; Mulangu 
et al. 2019). We hope our experiences in set-
ting up research sites will prove useful to any-
one who needs to establish one, whether they 
are starting with an empty field or a well- 
equipped medical facility.

2  Primary Considerations

Before initiating any research project, the pro-
tocol team should identify a group of people 
within the team who will oversee identifying 
and securing the research site. These team 
members, referenced as “planners” in this 
chapter, will need to consider these important 
questions:
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 5 What must be done?
 5 Where can it be done?
 5 When does it need to be done?
 5 Who will do it?

Thinking through these basic questions in 
advance will inform protocol development, 
site assessment and selection, and study 
implementation (Brett-Major and Lawler 
2018). Throughout the project, these con-
cepts should be continually evaluated to 
determine whether changes or adaptations 
are needed.

2.1  What Must Be Done?

The research question to be answered is always 
the primary determinant of the “what” 
(Sigfrid et al. 2019). Prevention and treatment 
studies (vaccines as opposed to therapeutic 
agents) may have quite different requirements, 
especially when considering the disease epide-
miology, geography, infrastructure, and 
resource needs—perhaps the primary consid-
eration for site planning being whether the 
study participants will be hospitalized 
patients, people coming from the community 
for appointments, or people in the community 
contacted by mobile research staff.

2.2  Where Will It Be Done?

A disease outbreak can occur over a wide geo-
graphic area, and the choice of where to locate 
research sites within that area will be influ-
enced by multiple factors, some of which the 
people planning the research project have lit-
tle control over. These include political cir-
cumstances, operational security, disease 
incidence and other epidemiologic factors, 
population density, and infrastructure. As 
these factors become understood, planners 
will make and refine their decisions about 
where to locate both central and satellite 
research sites—bearing in mind that location 
choices might be revisited as the epidemic 
develops.

2.3  When Does It Need 
to Be Done?

In an outbreak or other infectious disease 
emergency, the answer to “when” is usually “as 
soon as possible.” When the goal of the 
research is not only to assess the safety and 
efficacy of medical countermeasures (MCMs) 
but to mitigate and control an outbreak, lives 
are at stake, and successful protocol imple-
mentation has a corresponding urgency. 
Nonetheless, planners also need to consider 
the entire life cycle of the study, from recruit-
ment through follow-up and making conclu-
sions available. The outbreak itself could be 
viewed as a “stakeholder” in the planning since 
it could change the protocol at any moment 
through a decrease or increase in disease inci-
dence or a change in pathogen phenotype.

The initial protocol implementation sched-
ule guides staff members in the preparation 
and hiring of staff, procurement and delivery 
of equipment and supplies, and infrastructure 
requirements like power and water. At the same 
time, understanding the potential trajectory of 
external factors which could impact the proto-
col allows the operations team to anticipate 
how quickly implementation can occur and 
how a changing situation could affect the study 
timeline. While planning a research response to 
an epidemic, though, the primary consider-
ation will be urgency. In the case of Ebola in 
West Africa, most research studies did not get 
well underway before the outbreak started to 
wane, leaving too few Ebola cases for statisti-
cally significant results (Kennedy et al. 2016). 
Site selection is among the first things that 
must be done, since just about every other nec-
essary step—equipment, staff, power, and 
water installation—requires that the research 
site be identified and modifications planned, 
scheduled, and accomplished.

2.4  Who Will Do It?

Protocol research teams comprising principal 
investigators, clinicians, pharmacists, labora-
tory technicians, psychosocial and social 
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mobilization experts, data managers, 
 statisticians, community engagement staff, 
participant trackers, trainers, project manag-
ers, etc. are generally the “who” (7 Chap. 42). 
Additionally, for the overall success of the 
project, research collaborators and partners, 
including the local community, need to be 
informed and engaged (7 Chap. 18). These 
groups may include the following:

 5 Governments, national and foreign
 – Health ministries
 – Government-supported research insti-

tutions
 – National healthcare system
 – Universities
 – Official development assistance agen-

cies, disaster assistance if  warranted
 – Military and security personnel (may 

complicate community acceptance)
 5 Private sector healthcare and educational 

institutions
 5 International organizations and diplo-

matic representatives, e.g., the World 
Health Organization (WHO), the United 
Nations (UN), bilateral embassies

 5 Nongovernmental organizations (NGOs) 
including medical response, e.g., Doctors 
Without Borders (MSF) and the Interna-
tional Medical Corps (IMC)

 5 Stakeholders affected by the outbreak, e.g., 
community leaders and advocacy groups

 5 International and local contractors
 – Supply vendors
 – Staffing agencies
 – Pharmacies
 – Clinical and research laboratories
 – Local storage facilities

 5 Transportation and logistics companies

3  Site Selection Criteria

Identifying and qualifying a research site for 
use in a protocol is a multifaceted process 
that requires extensive consultations with 

operational group leads, research collabora-
tors, local partners, and often contractors. It 
requires considerable expertise to translate 
the objectives of  the protocol, which are 
stated on paper in relatively abstract terms, 
into physical and resource requirements 
needed to accomplish the objectives and then 
into actual walls, roofs, beds, sphygmoma-
nometers, and freezers. It also requires exper-
tise to be flexible: if  brand Y isn’t available, is 
brand Z acceptable? If  there is no running 
water available at a site, but the site looks 
good otherwise, how can we get enough clean 
water?

While the specific requirements for a 
research site will change depending on the 
protocol and/or the country involved, the pro-
cess employed to reach either final activation 
or disqualification of a site can be standard-
ized. In general, any research site will have to 
meet the following criteria:

 5 Local community acceptance
 5 Governmental approval, be it local, 

regional, or national
 5 Access to a sufficient population that 

meets criteria for inclusion in the study
 5 Access to qualified staff  members: ability 

to hire them from the community or pro-
vide housing for staff

 5 For outpatient and in-patient studies alike, 
facilities that can accommodate
 – Secure offices
 – Labs
 – Pharmacy
 – Staff  areas
 – Waiting rooms
 – Patient care facilities for in-patient 

research
 5 Reliable electricity and clean water (pres-

ent or to be installed)
 5 Communications infrastructure, including 

Internet, mobile phones, and/or landlines 
(present or to be installed)

 5 Security, especially in areas beset by armed 
conflict or substantial unrest

 5 Waste management
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4  Types of Research Sites

4.1  Sites Within an Existing Health 
Facility

Having fixed research sites established in 
existing institutions, as during the 2014–2016 
Ebola outbreak in Liberia,  provided a central 
location that proved invaluable for a large 
vaccine study and a continuing research pro-
gram. The PREVAIL1 site, in the John F. 
Kennedy Hospital in Monrovia, Liberia’s 
major tertiary referral hospital, provided 
facilities (after renovation) and access to the 
capital’s population, the largest in the coun-
try, whose demographics ran the full gamut of 
the socioeconomic, educational, and age 
spectrum.

The Duport Road site in a Monrovia sub-
urb was selected to accommodate additional 
participants closer to their place of residence. 
The CH Rennie Hospital site was selected for 
its essentially rural population within reason-
able proximity, under an hour’s drive to 
Monrovia. This improved the demographic 
diversity of the study population. The 
Redemption Hospital site (. Fig. 1), located 

1 Partnership for Research on Ebola Virus in Liberia.

at one of the epicenters of the Ebola out-
break, a community hospital in the borough 
of New Kru Town, added another dimension 
of diversity. Although the population was 
considered urban, it was among the most 
socially and economically disadvantaged 
communities in Liberia. Areas of the hospital 
needed to be reconfigured and renovated for 
informed consent procedures, phlebotomy, 
processing and testing of protocol-defined lab 
specimens, and vaccination and observation 
rooms.

4.2  Research Site Within an Ebola 
Treatment Center

Bringing investigational agents to sick 
patients can often best be accomplished 
where the patients are being treated. The 
PALM (short for “Pamoja Tulinde Maisha,” 
a Kiswahili phrase that translates to “together 
save lives”) randomized controlled trial, con-
ducted in the Democratic Republic of  the 
Congo (DRC), tested four investigational 
agents against Ebola at four locations (7 In 
Practice 17.1 and 23.1) in Ebola treatment 

       . Fig. 1 Before and after photos of  renovations at Redemption Hospital, site of  a large, randomized Ebola vac-
cine study. (Photos: Leidos Biomedical Research, Inc.)
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       . Fig. 1 (continued)

       . Fig. 2 Ebola treatment center in Beni. (Leidos Biomedical Research, Inc.)

centers set up for the 2018–2020 outbreak 
(Mulangu et  al. 2019). The clinical and 
research teams needed to be well-coordi-
nated, with their duties and expectations 
clearly delineated. For example, as in the 
PALM study, a protocol enrolling partici-
pants who have tested positive for disease in 
an outbreak may rely on NGOs to assist with 
infrastructure and clinical care at the research 
sites; as the epidemiological curve begins to 
flatten and cases decrease, the NGO may 
close down well in advance of  scheduled par-
ticipant follow-up appointments, potentially 
affecting the continuation of  the research 
study activities.

4.3  Mobile Site

A cluster vaccine study of the investigational 
rVSV-ZEBOV vaccine was part of the November 
2015 response to a small Ebola virus disease 
(EVD) outbreak in Cow Field, Liberia (. Figs. 2 
and 3). Because of Liberia’s earlier experience in 
conducting vaccine research during an outbreak, 
procedures and practices needed to open a 
mobile site were already in place, and the site was 
quickly established. Trained staff were deployed 
to the area, and a protocol was implemented just 
4  days after the first new EVD case was con-
firmed. Only three cases occurred during the out-
break, and none after research response had 
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       . Fig. 3 Mobile vaccination study site in Cow Field, Liberia. (Photo: Leidos Biomedical Research, Inc.)

       . Fig. 4 Mobile clinical 
research site in Cow Field, 
Liberia. (Credit: Leidos 
Biomedical Research, Inc.)

begun (Bolay et al. 2019). The Ebola Ça Suffit! 
(Ebola that’s enough!) ring vaccination (cluster-
randomized) trial in Guinea was also structured 
in such a way that it required mobile vaccination 
and follow-up teams (Henao-Restrepo et  al. 
2015, 2017) (. Fig. 4).

5  Activating a Site

5.1  Minimum Requirements

In a resource-restricted environment, steps 
to operationalize a protocol in an emergency 

are at first guided by the essential minimum 
requirements to start a research program. 
Many of  these topics are covered by other 
chapters in this volume; in many cases, spe-
cialized expertise—preferably combined 
with personal experience operating in 
remote areas with little infrastructure — will 
be essential to get some of  the needed ele-
ments in place. Some early acquisition deci-
sions may also depend on the short-term or 
long-term level of  commitment from the 
sponsoring organization as well as the level 
of  expenditure the sponsoring organizations 
have available.
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The following are key questions to deter-
mine minimal requirements to start a research 
program:
 1. Is there an adaptable facility available with 

power, water, communications, staff, 
equipment, etc.? Is the current infrastruc-
ture sufficient for the demands of the 
study? If  not, will the infrastructure 
installed for the study remain and contrib-
ute to the longer-term needs of the host 
country?

 2. Are the equipment and supplies being pro-
vided specifically for the clinical research 
study? Patient beds, monitoring equip-
ment, etc. primarily intended for patient 
care may be difficult for the clinical 
research team to justify.

 3. Is the long-term sustainability of the proj-
ect part of the planning? Can the clinical, 
laboratory, and information technology 
(IT) infrastructure be locally operated and 
maintained? Will doing so require addi-
tional training?

Most sponsoring organizations will accept a 
degree of over-procurement in the initial 
stages of an emergency—it is better to have 
some excess than to lack items essential to get-
ting the research program started. The longer- 
term prospects of the project and the 
distinction between essential and nonessential 
(but justifiable) items should be a planning 
factor at all stages, especially once the site has 
been activated and the study is underway.

5.2  Tools for Site Activation

Developing standardized toolkits for use 
when preparing to implement a protocol can 
speed site activation and provide a common 
platform for communicating with the proto-
col team and other stakeholders. The most 
frequently used tools are flowcharts and 
checklists. While task-based checklists are 
commonly used in the implementation of 
research studies, the site operations unit of the 
research team is responsible for determining 
and assessing the protocol requirements and 
maintaining primary checklists to guide the 
site activation process.

5.2.1  Flowcharts and Lists
A flowchart is a diagram that outlines a pro-
cess in a way that is easy to follow, often using 
shapes and/or graphics to visually represent a 
sequence of events from start to finish. 
Flowcharts can allow for easier visualization 
of study participant activities, physical space 
and layout requirements, and staffing needs 
and roles. They provide a visual of how the 
study schedule can be implemented, identify-
ing problem areas before activation of a study 
site. For protocols involving multiple thera-
peutic drug arms, this is also an excellent way 
to determine if  multiple drug administrations 
will occur concurrently, which could impact 
staffing, space, and supply needs. Other oper-
ational groups will often benefit from their 
process flowcharts; for example, data manage-
ment may map out the process for capturing 
source documentation, and the laboratory 
team may map how samples move from the 
clinical area to the lab and how results are 
communicated back to the clinical team.

5.2.2  The Clinical Flowchart
The clinical flowchart outlines participant 
flow and organization of assessment, proce-
dure, and discharge. This chart helps to iden-
tify which staff  are needed for each procedure, 
how best to distribute  supplies, and potential 
issues with participant flow or space con-
straints. For example, if  an observation area 
for participants after they receive a vaccine 
injection is needed, a flowchart in conjunction 
with a schematic of the research site layout 
can identify where this area should be or iden-
tify a need for more space. A flowchart pre-
pared for PREVAIL (. Fig. 5) later served as 
a template for other trials based on different 
protocols.

5.2.3  Data Management Flowchart
This chart is focused on data collection (case 
report forms and source documents) and 
transmission of data from the site. Source 
documents are the original records of clinical 
findings, observations, or other activities in a 
clinical trial necessary for the reconstruction 
and evaluation of the trial; they provide 
source data used to reconstruct the trial as it 
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       . Fig. 5 A clinical flowchart 
used by PREVAIL researchers. 
(Courtesy PREVAIL)

happened. This is particularly vital for proto-
cols involving participants exposed to a high- 
consequence pathogen where data collection 
may occur in the restricted “hot zone,” pre-
venting immediate transfer of documents to 
the area where data entry is done (7 Chap. 
35).

5.2.4  Site Assessment Checklist
A site assessment checklist is a tool for under-
standing the current capabilities, capacity, 
and available resources of the potential 
research site. While it will need to be adapted 
to the needs of each particular protocol 

(observational study or randomized con-
trolled trial), it will generally cover most of 
the same operational areas, though some 
headings may not be needed:

 5 Principal investigator requirements
 5 Site staffing (including role identification)
 5 Data management
 5 Laboratory
 5 Pharmacy
 5 Site operations
 5 Cold chain
 5 Psychosocial/social mobilization team
 5 Safety/pharmacovigilance
 5 Monitoring or quality assurance/control
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5.2.5  Site Activation Checklist
A tracking document maintained by the site 
operations team, it reflects both the informa-
tion received from the initial site assessment 
checklist and updated entries based on feed-
back from operational groups and the research 

site team. Once every item identified on the 
activation checklist (. Fig. 6) has been con-
firmed, the site can be considered ready for 
activation.

The site activation checklist and the site 
assessment checklist have much in common but 

Training Comments:

BENI
Status:

Comments:Status:

Comments:Status:

Comments:Status:

Pharmacy

Cold-Chain Supply

* RCT v3.0 Training Logs

* Pharmacy Training Logs

Initial v2.0 completed 11/14/18-11/19/18; v3.0 completed
1/22/19

Completed 11/20/18-11/21/19

Current: 5 (3/22/2019)

Current: 6361 (3/22/2019)

Current: 2 (3/22/2019)

Current: 290 (3/22/2019)

Refresher training for Mrs. Doe 2/6/19

TCs: ~10.7 available (1072 vials) 6/20/19 (RCT)

TCs: ~22.3 available (156 vials) 6/20/19 (RCT)

TCs: ~8.4 available (109 vials) 6/20/19 (RCT)

Onsite: 1 (Portable)

Vestfrost: 1   for IDP
Back-up: Need top select from multiple VestFrost AKG 377 
Upright Refrigerators (not tropical rated), 2 � VF 400A arrived in
Kinshasa 10APR19 (Tropical rated)

All monitored and all TempTales replaced every 9 months (no
audible alarms)

Freezer: 2 chest for IDP & 1 portable for quarantine and gel-pack
conditioning
Back-up: Need to select from 1 VestFrost MF 314 (Tropical) and
2 Revco DXF Ultra-Low -40 Uprights

All monitored and all TempTales replaced every 9 months (no
audible alarms)

TCs: ~27 available (383 vials) 6/20/19 (RCT)

* Laboratory Training Logs

* GeneXpert (minimum: 2; optimal: 4)

* GeneXpert Cartridges

* Picolo (minimum: 2; optimal: 4)

* AmLyte13 Discs for Picolo

* Lithium Tubes for Picolo

* Training

* ZMapp Treatment Courses (TCs)

* ZMapp IV Set (0.2 � low-protein binding PES in-line
�lter)

* mAb114 IV Set (1.2 � PES �lter membrane; DEHP-
free; Latex-free)

* ZMapp Compounding (250, 500, 1000mL D5W
and/or Normal Saline)

* mAb114 Compounding (Sterile Water for injection;
250mL Normal Saline)

* mAb114 Treatment Courses (TCs)

* REGN-EB3 Treatment Courses (TCs)

* REGN-EB3 IV Set (0.2� in-line �lter)

* REGN-EB3 Compounding (100, 250, 500, 1000mL
Normal Saline, D5W or Lactated Ringer’s)

* Remdesivir Treatment Courses (TCs)

* Temperature-control containers for investigational
drug transport

* Refrigerators +2°C to +8°C (minimum of 2 for
investigational drug storage)

* Continuous temperature monitoring with alarms (72
hours of data monitoring is required)

* Freezers -15°C to -25°C (for ZMapp storage only)

* Continuous temperature monitoring with alarms (72
hours of data monitoring is required)

Laboratory

       . Fig. 6 An excerpted site activation checklist. (Courtesy PALM)
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are used in different ways. While the site assess-
ment checklist is a static document intended to 
provide a snapshot of a site’s initial feasibility 
and resource availability, the activation check-
list is a living document tracking completion of 
the tasks required before an activation letter 
can be issued by the controlling regulatory 
body or study sponsor. The site activation 
checklist also provides a much more detailed 
outline of what is needed. For example, the site 
assessment checklist will list general printer 
requirements and whether printers need to be 
procured. The site activation checklist will spec-
ify types of printers and necessary supply 
orders like paper, ink, connectivity cables, etc. 
Color coding of the status of each item is a 
simple way to quickly communicate how much 
work remains before the site can be activated.

5.3  The Site Activation Process 
in Outline

5.3.1  Organize the Operations Team
 5 Identify points of contact for the follow-

ing:

 – Clinical team and research study team 
if  separate, e.g., where study takes place 
in an existing ETU

 – Operational areas: data management, 
logistics, laboratory, etc.

 – In-country partners and operational 
liaisons

 – Pharmaceutical companies as necessary
 – Others as needed

 5 Determine procurement responsibility del-
egation
 – Will each operational area order their 

own supplies, or will clinical operations 
consolidate supply ordering from all 
sites (see . Fig. 7)?

5.3.2  Map the Protocol
 5 Review schedule of events and create a 

flowchart of activities (see site assessment, 
7 Sects. 5.3.3 and 5.3.4)

 5 Identify post-discharge needs for partici-
pants (if  in-patient)

 5 Prepare additional flowcharts or process 
documents for the following:
 – Data management
 – Pharmacy

       . Fig. 7 Flowchart showing sequence of  events essential to opening a research site. (Kevin Barrett, NIAID/NIH)
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 – Laboratory
 – Logistics
 – Planning process for equipment mainte-

nance, replacement of faulty or broken 
equipment, and disposition (donation 
or disposal)

 – Lead times for new order delivery
 5 Update site assessment checklist using the 

schedule of events and flowchart as guides 
(see 7 Sect. 5.2.4). To ensure it captures 
all information relevant to the study, ask 
all operational areas to review and include 
additional items as needed. Some areas 
where detail is essential are as follows:
 – Supplies (7 Chap. 37)

 – Are protocol-specific supplies 
available?

 – Special lab collection devices, 
including consumables

 – Drug-specific intravenous (IV) 
infusion kits and/or anaphylaxis kits

 – Staffing (7 Chap. 42)
 – Qualifications (curricula vitae, 
medical licenses, etc.)

 – Number of staff, required level of 
effort, and availability

 – Positions and responsibilities
 – Personal protective equipment (PPE) 
stock needed

 – Cross-training and training supplies
 – Data management (7 Chap. 35)

 – Documentation: how will we docu-
ment it (electronic or paper)?

 – Assess current documentation 
systems and if  they can be utilized

 – Consider consolidated worksheets as 
the source document if  CRF are 
cumbersome

 – Availability of secure, environmen-
tally stable storage for CRFs and/or 
source documents

 – Plan for long-term storage of 
protocol documents

 – Infrastructure
 – Operating hours

 – Are protocol activities scheduled 
on weekends or local holidays?

 – Physical layout, available space at the 
site

 – Cold chain equipment (7 Chap. 39)
 – Electricity (7 Chap. 39)

 – Communications (Internet, tele-
phony, etc.) (7 Chap. 34)

5.3.3  Assess the Site
Once the site assessment checklist has been 
completed, it must be reviewed to determine 
the initial viability of the site. The assessment 
should be reviewed by representatives from 
each operational area, as well as those who 
perform specialized assessments in response 
to requests from the research team.

 5 Site assessment checklist review: possible 
outcomes.
 – The individual who performed the 

assessment may provide additional rel-
evant information that was not antici-
pated on the original form.

 – Operational areas may realize they 
neglected to add certain assessment cri-
teria to the original form.

 – An additional site visit may be found 
necessary to collect or confirm informa-
tion not initially identified as impor-
tant.

 – Operational groups may need to com-
mit to providing specific solutions for 
areas where the site does not meet acti-
vation criteria.

 – If “deal-breaker” issues are identified—
problems at the site for which there is no 
reasonable solution and which would 
prohibit the start of the protocol regard-
less of other criteria—alert the principal 
investigator (PI) and other stakeholders. 
Finding a solution may require a high-
level decision to either modify the proto-
col or invest significant funding.

 5 Conduct additional site assessments as 
needed.

 5 Proceed with necessary procurement, and 
set up activities as identified on the assess-
ment checklist.

5.3.4  Run the Site Assessment 
Checklist

 5 Transfer the site activation checklist items 
to a new document (such as a spreadsheet).
 – For each operational area, ask the lead 

for that area to populate the section 
with line items detailing the specific 
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equipment or resources that must be 
available on site to activate.

 5 Track site activation status.
 – An assigned project manager will 

schedule regular status update meetings 
with all operational leads and relevant 
stakeholders to ensure that each line 
item is up to date. Often, there will be 
overlap among operational areas, so 
that a problem solved by pharmacy 
staff  may solve a problem for the site 
operations team as well. The project 
manager will ensure version control 
and will manage the document through 
site activation.

 5 Submit request for activation once all 
items on the activation checklist have been 
confirmed.

6  Triage and Infection Control

Triage and infection control practices are 
 integral to healthcare and clinical research, 
especially in an outbreak of an infectious 
 disease with few or no approved MCMs. 
Implementation of triage and infection con-
trol depend on the layout and on the sequence, 
duration, and physical proximity of interac-
tions between patients and healthcare workers 
and so must be a factor in choosing a site that 
can accommodate the required facilities. A 
clean water supply is a requirement as well.

Human nature being what it is, there is a 
tendency to become complacent and less 
attentive than at first to established standards 
and practices. The two large Ebola outbreaks 
in West Africa and in the northeastern DRC 
and the COVID-19 pandemic compelled 
healthcare workers and the public to start 
paying attention and implement practices to 
prevent or minimize the spread of infection. 
With its demonstrated high mortality and ini-
tial lack of MCMs, EVD may have been more 
compelling than COVID-19  in this respect, 
but of course the Ebola virus was much less 
transmissible than severe acute respiratory 
system coronavirus 2 (SARS-CoV-2). Be that 
as it may, it is essential to provide for infection 
control with strategically located, hard-to-

ignore cleanliness stations, among other mea-
sures like PPE and careful waste disposal.

Emergency transport and medical admis-
sion processes, such as triage, are high-risk 
areas for disease transmission during an out-
break. Identification and isolation of poten-
tially infectious patients may be delayed 
because of a high work burden, lack of spe-
cific training and skills, and unavailability of 
adequate isolation measures. This poses a spe-
cial risk for nosocomial transmission unless 
adequate triage and infection control proce-
dures are in place and observed.

6.1  Study Participant Triage

Since research sites during the West Africa 
Ebola response were embedded in clinical 
care facilities, triaging procedures for the host 
facility, based on national triage procedures, 
had to be followed. PREVAIL’s research sites 
implemented additional screening procedures 
for all participants entering the research facil-
ities. Triage forms were developed specifically 
to screen individuals who came as potential 
research participants. All individuals first had 
to go through the screening procedures and 
then were subject to the PREVAIL-specific 
triage.

6.2  Universal Precautions

Universal precautions should be practiced 
and implemented continuously. As specified 
in regulations from, e.g., the U.S 
Occupational Safety and Health 
Administration, universal precautions are 
an approach to infection control that treats 
all human blood and certain human body 
fluids as if  they were known to be infectious 
for human immunodeficiency virus (HIV), 
hepatitis B virus (HBV), and other blood-
borne pathogens (OSHA 2019). During the 
Ebola outbreak, the importance of  this pre-
caution was reemphasized and imbedded in 
all study-specific training. The Ministry of 
Health of  Liberia, PREVAIL’s primary 
partner in the research response, developed 
a standard training program which was pro-
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vided to all Ministry of  Health facilities. 
This training was also extended to all 
research staff  to ensure they had the most 
updated information on infection control 
and universal precautions. With a respira-
tory pathogen like (SARS-CoV-2), different 
precautionary measures apply (WHO 2021).

6.3  Environmental Considerations

It is necessary to ensure adequate biohazard 
containers (burn boxes/sharps containers) are 
available for the safe disposal of used syringes, 
unused or compromised experimental prod-
uct, and other research supplies. Additionally, 
it needs to be established upfront how these 
contaminated items will be disposed of. 
Planners must ensure the availability of func-
tional incinerators with capacity and fuel, 
locations for safe burial, or other means for 
proper disposal.

7  Some Lessons Learned 
and Conclusion

7.1  Every Emergency Is Different 
from the Previous One

Experience with implementing emergency 
research responses over the last decade—in 
Liberia, the DRC, and worldwide for 
COVID- 19—has repeatedly demonstrated 
the pitfalls of  conventional wisdom. The syn-
thesis of  preliminary assumptions, standard 
operating procedures, existing literature on 
the disease or family of diseases, cultural pre-
suppositions, and previous emergency 
response may suggest solutions but cannot 
serve as an accurate guide to implementing a 
research response. Creative thinking to fight 
the current outbreak and a real understand-
ing of and commitment to scientific and ethi-
cal standards are essential to a successful 
study (Larson et  al. 2017). Solutions that 
worked in a previous outbreak may not apply 
to current situations. Some examples include 
the following:

 5 Security guards or soldiers? It is impor-
tant to ensure that research staff, partici-
pants, and research facilities are 
protected. In situations where there is 
public distrust of  the government or mili-
tary, it may be advisable to consider hir-
ing civilian security personnel who are 
less threatening than official security per-
sonnel and will follow research team 
instructions on admission of  potential 
research participants and patients to the 
site (7 Chap. 41).

 5 Branding. Some collaborations have suc-
cessfully “branded” the research initiatives 
to allow the branding to be recognizable to 
those outside of the research while main-
taining equity for all partners and stake-
holders. It can be useful for communities 
to learn to recognize logos or a memorable 
name to spread the word about the study. 
In other cases, the need for neutrality and 
a low profile may take precedence. Fear of 
the disease itself, suspicion of authorities 
or researchers, or misunderstanding of the 
goals of clinical research could make dis-
cretion the best course. This is a question 
where the advice of local partners is indis-
pensable.

 5 Fixed or rotational staffing? Conventional 
wisdom has it that each site should be 
staffed by a fixed, trained contingent which 
understands the site and the research 
catchment area. This also makes for 
straightforward accountability and known 
personnel for data and safety queries 
(FDA 2019). In some instances, however, 
especially in remote sites, personnel must 
travel great distances, be away from family, 
and stay in temporary lodging during their 
work on the research program. This can 
mean a large portion of the staff  rotates 
every few weeks or months, in which case 
careful records, or an accountability 
matrix, should be kept to record when 
staff  members were on site, what responsi-
bilities they had at a given time, and docu-
mented transitions to incoming staff.

 5 Supplies. Clinical and research supplies 
common in one setting may not be usable 
in another. Established medical facilities 
have had time to work any incompatibili-
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ties between frequently used items out of 
the system, e.g., that they have the right 
tubing for the saline bags on hand. All of 
this must be rapidly established during an 
emergency research response (7 Chap. 37).

7.2  Conclusion

The concepts presented in here are a basic 
framework to quickly initiate and implement 
infectious disease clinical research. All topics 
can be adapted as needed and should be con-
tinually evaluated to make for a more proac-
tive rather than reactive approach. It is 
essential to act quickly to ensure important 
research can be conducted and the research 
questions can be answered during the height 
of a disease outbreak, so no opportunities are 
missed to demonstrate a vaccine or treatment 
safely and significantly improves outcomes.

As Jeremy Farrar (2018) has noted, “It’s 
time to stop reacting to these outbreaks as dis-
crete episodes and instead work together with 
a coordinated, nationally led, and interna-
tionally supported approach that learns from 
each outbreak so we can better prepare for the 
next.”

? Discussion Questions
 1. Why is contingency planning essential 

to ensure the success of  a research 
study?

 2. There is an urgent infectious disease 
outbreak in a remote Asian village.
 (a) What key questions determine the 

minimal requirements to start a 
research program?

 (b) What questions must be answered 
by the planners before the research 
project begins?

 (c) What criteria must the research site 
meet?

 (d) What other steps should the 
research team consider?

 3. How can response agencies divide clini-
cal research responsibilities while main-
taining research and patient care 
quality?

 4. What is the role of  flowcharts and check-
lists in site activation and facilitating 

communications between the protocol 
team and other stakeholders?

 5. Briefly outline site activation.
 6. Why must triage and infection control 

practices be integral components of 
healthcare and clinical research, espe-
cially during infectious disease out-
breaks with few or no approved 
MCMs?
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Learning Objectives
This chapter will help readers understand and 
describe

 5 The advantages and disadvantages of the 
traditional Ebola treatment unit (ETU) 
design with the Emergency biosecurity 
chamber for epidemics (CUBE)

 5 How maintaining family and community 
relationships affects patient morale and 
recovery

 5 How an ETU layout can take advantage of 
CUBE

 5 Steps that can enhance adherence to strict 
infection and prevention control measures

1  Ebola: Isolation and Treatment

The CUBE (. Fig. 1) is an innovative, field- 
deployable shelter and isolation system for 
treating patients with dangerous infectious 
diseases. The development of the CUBE unit 
dates to the experience of caring for patients 
in Conakry, Guinea, during the 2014–2016 
West Africa Ebola epidemic, by the Alliance 
for International Medical Action (ALIMA). 
Ebola Treatment Units (ETUs) that ALIMA 
and others built and managed during that 
outbreak were based on a model of care devel-
oped 40  years earlier. Their purpose was to 
provide patient care while protecting caregiv-
ers and the community from infection. The 
units were housed in large tents, with separate 
sections for people with suspected and con-
firmed infection. Entry into the patient areas 
was restricted to healthcare providers in full 
personal protective equipment (PPE).

       . Fig. 1 CUBE in operation. 
(Fischer et al. 2019)
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2  The Old ETU Design

The old ETU design had serious disadvan-
tages for patients, caregivers, and families. 
Patients were isolated, cut off  from contact 
with family, friends, and relatives. They could 
hardly see even the faces of their caregivers 
through the personal protective equipment 
(PPE) (. Fig.  2). Facing death from Ebola 
virus disease (EVD) alone, while separated 
from loved ones, multiplied patients’ fear and 
suffering. At the time, caregivers had limited 
knowledge about the most effective support-
ive care and interventions; moreover, the 
inside temperature meant caregivers could 
only remain in the hot tents in full PPE for a 
short time before risking severe dehydration, 
heat illness, and heat stroke (Sprecher et  al. 
2015).

For ALIMA, a medical organization 
dedicated to providing both medical and 

compassionate care to the sick, the experi-
ence was beyond frustrating. The entire care 
team soon expressed a deep need for psycho-
logical support themselves. Patients and 
their loved ones began to see enforced isola-
tion for the sake of  minimal, often fruitless, 
medical care as a kind of  physical and men-
tal aggression, rather than their best hope of 
survival. This perception, especially natural 
to the impoverished and disadvantaged, 
soon began to discourage newly infected 
people from seeking care that could contrib-
ute to their own survival and stem the spread 
of  the disease.

After this harsh experience, we were deter-
mined to improve the quality and humanity 
of patient care in similar circumstances. 
ALIMA designated a small working group to 
lead a design process. As members of the 
group, medical caregivers, psychologists, and 
logisticians reflected on how to improve the 

       . Fig. 2 Nigerian physicians 
being trained by the World 
Health Organization (WHO) on 
how to put on and remove PPE 
to treat Ebola patients. All this 
equipment must be donned and 
doffed for each foray into an 
old-standard Ebola treatment 
unit (ETU). (CDC Global, CC 
2.0; 7 https://commons. 
wikimedia. org/w/index. php?sear
ch=ebola+ppe&title=Special:Me
diaSearch&go=Go&type=im
age)
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design and standards of optimized care facili-
ties for the next epidemic. After several 
national consultations in Guinea, regional 
consultations in West and Central Africa, and 
further discussions in developed countries—
an approach that brought in public, private, 
humanitarian, scientific, academic, military, 
and civilian nuclear specialists—the CUBE 
took shape.

3  The CUBE Is Born

The conceptual shift was to stop trying to iso-
late an entire patient ward, and instead build a 
smaller containment structure for each 
patient. The CUBEs have transparent plastic 
walls (. Fig.  3a), with built-in ports resem-
bling full-body gloves and airlock door and 
window portals. The CUBE can be placed 
under negative pressure, and it can be decon-

taminated with hydrogen peroxide gas 
between patients or before unit closure. The 
CUBE was deployed to the field for the first 
time in response to a 2018 Lassa fever out-
break in Nigeria (. Fig.  3b), and has since 
been used extensively for EVD response in the 
DRC (Fischer et al. 2019).

The advantages are many. At under 300 
kg, each unit can be moved far more easily 
than a large temporary structure, even by 
small vehicles over rough roads. Patients can 
be continually monitored from outside the 
CUBE by health providers unencumbered by 
full PPE; most procedures can be carried out 
through the access portals without the care-
giver entering the CUBE. The CUBEs do not 
get nearly as hot as the old isolation units, a 
tremendous advantage in equatorial Africa. 
And last but certainly not least, patients and 
their loved ones can communicate with one 
another frequently and face to face.

a b

       . Fig. 3 a Cube diagram showing ports for access to patient and ventilation and doorways for entry. (ALIMA). b 
Ultrasound assessment: note doctor is in direct contact with patient through portals in CUBE. (ALIMA)
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4  Better Patient Care

The development of the CUBE has allowed 
us to improve the standard of care for EVD 
patients in a low-resource setting. This also 
makes clinical trials, which require at least a 
minimal standard of care, more feasible on an 
emergency basis. The CUBE can be installed 
within or just outside existing medical facili-
ties, closer to patients’ homes, preventing the 
spread of infection but preserving their inter-
actions with family and community. The value 
to patient morale and ultimate recovery of 
maintaining these irreplaceable relationships 
would be hard to overstate. Knowing that 
family members can see the patient also 
reduces fear in the community that seeking 
treatment for EVD means going off  to a 
lonely death. Among the many advantages of 
the CUBE we have seen are

 5 Much simpler access to the patient for 
most purposes

 5 Continuous observation as needed
 5 Lack of convection heat enables staff  to 

provide hands-on care for longer periods
 5 Broader range of care providers can inter-

act with patients without spending time 
donning and doffing PPE

 5 Easier coordination of care and research, 
for example, mutual decisions on some 
medical procedures and level of critical 
care

 5 Cross-control of case report forms (CRF)
 5 CRFs can be filed rather than transcribed 

and incinerated because of possible con-
tamination

 5 Better monitoring facilitates multidisci-
plinary consultation (mental health care, 
clinicians, lab, researchers, members of 
family)

 5 Group therapy for mental health with 
family participation

 5 Easier and better consent process, with 
family support and advice

This approach of integrating EVD care into 
existing health facilities in affected communi-
ties (. Fig. 4) also facilitates the training of 
healthcare workers and builds on and builds 
up existing resources—even if  they are at first 
minimal—in a way appropriate to the existing 
health systems we find in our interventions in 
Africa.

       . Fig. 4 New ETU layout with 
CUBEs. (ALIMA)
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5  New Layout for ETUs

We have adapted the layout of the treatment 
sites to take full advantage of the CUBEs:

 5 The triage area, which receives patients 
awaiting diagnosis and testing, is in a 
building with one patient per room; the 
rooms have a glass window so the patient 
and caregivers can still see one another.

 5 The intensive care section receives unstable 
cases, whether confirmed or still suspect, 
as well as stable patients enrolling in a clin-
ical trial; this section is housed entirely in 
CUBEs and is monitored by an ICU spe-
cialist.

 5 The transition section receives stabilized 
patients who are no longer critical, housed 
in space similar to the triage area.

 5 The convalescent section houses com-
pletely stable patients, who are out of dan-
ger from EVD and only waiting to be 
discharged; patients are generally in group 
wards but can be isolated if  needed.

6  Infection Prevention  
and Control (IPC)

Patient care, procuring bodily fluid samples 
for diagnosis and research, and interactions 
connected with the research program all 
require strict control of the environment to 
minimize the risk of infection. Sufficient 
resources, mastery of IPC practices, and effec-
tive decontamination techniques must be inte-
grated from design through implementation. 
In low-resource countries, and by no means 
only low-resource countries, adherence to 
strict IPC measures may often be spotty, 
resulting in exposure of both patients and 
medical staff  to infection; for example, many 
healthcare workers (HCW) succumbed to 
EVD, in countries that could ill afford to lose 
them, during the West African outbreak 
(Evans et al. 2015). As the required expertise 
for care and research is often unavailable in 
remote regions, supervision and ongoing 

training becomes a fundamental element for 
both patient care and research. One of the 
major contributions of the CUBE system is to 
make IPC easier by greatly reducing the need 
for donning and doffing cumbersome 
PPE.  When procedures are simpler and less 
troublesome, adherence is more likely.

7  Conclusions

Clinical research that meets internationally 
required ethical and scientific standards 
(7 Chap. 33, In Practice 33.2, and 33.3) 
becomes feasible in low-resource areas 
through innovative, not necessarily high-tech 
problem solving. We believe the CUBE is just 
such an innovation, but of course good patient 
care and clinical research require a host of 
other inputs, starting with HCW familiar with 
and capable of implementing good patient 
care, clinical research practices, and participa-
tory practices. By facilitating the standard of 
optimized care for patients, the CUBE also 
facilitates not only the implementation of 
research; it provides a better, less isolated 
treatment experience for patients and improves 
the morale of patients, their families, and 
their communities—the veil of mystery that 
was fertile ground for many rumors has been 
lifted from the closed Ebola ward.

? Discussion Questions
 1. Contrast and compare the advantages 

and disadvantages of  the traditional 
ETU design with the CUBE for treat-
ing patients with dangerous infectious 
diseases.

 2. How does maintaining family and com-
munity relationships affect patient 
morale and ultimate recovery?

 3. Discuss how the new layout for ETUs 
takes full advantage of  CUBE.

 4. Adherence to strict IPC measures is 
often inconsistent. What steps can 
enhance adherence? What difference 
does the CUBE make?
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Learning Objectives
This chapter will help readers understand and 
describe the following:

 5 The terms risk, threat, and vulnerability
 5 The issue of sponsor institutions and coun-

tries prohibiting illicit payments in environ-
ments where such payments are widely 
accepted

 5 How security measures to protect a research 
site in a hostile environment might affect 
the quality of the research

 5 How adhering to the Golden Rule contrib-
utes to the security of a research site

 5 Ways of securing the pharmacy, laboratory, 
and cold chain

 5 Vital communication rules that ensure 
security and facilitate response actions in 
case of an incident

 5 Social communication strategies that 
enhance transparency and dispel conspir-
acy theories and scurrilous rumors

 5 The process of ethically selecting research 
participants and avoiding security

 5 Problems or threats from aggrieved com-
munity members not selected for trial par-
ticipation

 5 Some useful precepts for cash withdrawals 
at the bank

1  Introduction

Conducting clinical research in emergency sit-
uations requires a prior analysis of the coun-
try and locality and potential risks which 
could jeopardize the research, research staff, 
participants, and their communities. Because 
research projects involve all these stakeholders 
within a surrounding environment, there are 
always potential safety concerns during a clin-
ical trial, many of them specific to the time 
and place. Since infectious disease outbreaks 
are especially likely to appear and spread 
where poverty, malnutrition, and insecurity 
are already prevalent, participants and com-
munities may have been at risk even before the 

trial. For example, in the northeastern 
Democratic Republic of the Congo (DRC) 
from 2018 to 2020, an Ebola outbreak coin-
cided with a tense election in provinces far 
from the capital where several armed groups 
were already operating and violence was 
directed against Ebola responders (UN 2019). 
Especially in places where there is deep disaf-
fection from central authorities, the arrival of 
treatment and research teams whose inten-
tions are not clear to the populace, who pro-
mote unwelcome public health measures, and 
whose relative material wealth is apparent, can 
engender additional risks. Since medical 
responders seem to appear along with the dis-
ease itself, the idea that the newcomers are 
bringing the disease, rather than responding to 
it, can gain a foothold (Muzembo et al. 2020).

Given such potential dangers, it is essential 
to assess the threat environment where the 
response and research team will be operating, 
what additional risks the conduct of the trial 
could engender, and how to mitigate risks 
through community outreach to explain the 
relevance and the potential immediate and 
long-term benefits of the project for local 
communities.

A great many of the standard precepts of 
any medical or development project’s security 
management apply to emergency clinical 
research, just as many of the standards apply-
ing to any sort of biomedical research will 
apply in the emergency context.

This chapter will focus on the environment 
analysis, potential risks, and management of 
security issues, as well as measures to mitigate 
risk.

Three principles apply:
 5 No research begins without considering 

security.
 5 Security of staff and participants is para-

mount and shall never be neglected.
 5 Adherence to high standards of ethics and 

courtesy helps guard against anger and 
resentment.
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2  Evaluation and Analysis 
of Security Issues

2.1  Contextual Analysis 
of the Environment

As complete an analysis of the political, 
social, and environmental context as possible, 
including a threat assessment, must be con-
ducted before clinical trials and other research 
projects begin. Such analyses will primarily 
use qualitative rather than quantitative tech-
niques. Information may be gathered from a 
variety of sources: observation, informed 
sources, local and international media, gov-
ernment organizations, and documents from 
reliable sources. Environmental analysis will 
provide a clear understanding of infrastruc-
ture, sanitation, climate, and pollution haz-
ards. Health system performance and health 
risk analysis will be based on quantitative as 
well as qualitative information. 7 Box 1 
shows elements to be considered for each of 
three components.

Box 1: Context Analysis
Political: Key elements of  the country’s 
history; political actors and their respec-
tive roles and influence; civil society; type 
of  governance; elections; democracy, free-
doms, and human rights advocacy groups; 
causes of  political and social tensions; 
information about parties in conflict; etc.

Environment: Weather forecasts; 
flooding risk; road practicability; hygiene 
and sanitation status; air pollution; etc.

Health: Health indicators; health sys-
tem organization and performance; refer-
ral system; epidemic and endemic diseases; 
bacterial and viral infection risks; etc.

2.2  Risk and Threat

Security professionals define risk and threat 
in a particular way. The United Nations (UN) 
Security Policy Manual (2017), for example, 

stipulates that a threat is “a potential cause of 
harm initiated by deliberate actions,” while 
risk is “the likelihood of a harmful event 
occurring and the impact of the event if  it 
were to occur (Risk = Likelihood × Impact).” 
Put another way, a threat is a possible cause 
of harm; a risk is a calculation of the proba-
bility of the threat and the amount of harm it 
would cause. Another useful term, vulnerabil-
ity, refers to things that program managers 
may be able to correct to reduce risk: “a weak-
ness that can allow a threat or hazard to cause 
harm.” To state a simple example, there is 
always a threat of  theft where valuable equip-
ment, drugs, and money are concerned. The 
risk of  a theft could be determined by esti-
mating its prevalence in the research locale 
and the effect it would have on the program: if  
all the investigational new drugs are stolen, 
the program would have to stop. The possible 
vulnerabilities the managers would want to 
consider include whether the facility is 
guarded at all times, the vetting of the guards, 
and whether the storage space is secured 
(. Fig. 1).

2.3  Security Assessment 
and Analysis

Security analysis should produce what the 
UN calls a structured threat assessment, 
which evaluates five categories: armed con-
flict, terrorism, crime, civil unrest, and haz-
ards (UN 2017). Each category is evaluated 
using a point system, and the combination of 
these separate scores determines a security 
level. Many security assessment tools are 
available to download or use online (Open 
Briefing 2020). 7 Box 2 describes the five 
threat categories used by the UN and how 
they could affect a clinical trial. Each category 
is analyzed based on three variables: the 
intent/mindset (i.e., the intention or disposi-
tion to cause harm), the capability (i.e., the 
ability to cause harm), and the inhibiting con-
text (i.e., existing deterrents to the threat). A 
threat level is then identified on a scale of 1 
(minimal threat) to 5 (maximum threat, inci-
dents already occurring).
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       . Fig. 1 Unidentified  
attackers set fire to a  
70-bed Ebola treatment  
center in Katwa, North  
Kivu, DRC, in early 2019. 
(Laurie Bonnaud/MSF)

Box 2: Threats Defined
Armed conflict: Organized violence by groups 
fighting each other. Noninvolved parties 
would most likely be indirectly affected by this 
threat, although Ebola treatment centers 
(ETCs) in DRC were attacked directly by 
armed groups in 2018 and 2019.

Terrorism: Violence by individuals or 
groups against civilians or other noncomba-
tant targets. Clinical trial staff, participants, 
and assets could be directly or indirectly af-
fected by this threat.

Crime: Illegal activities undertaken for 
economic or personal gain, with or without 
violence. Trial staff, operating funds, equip-

ment, and infrastructure are a potential target 
even when the project is welcomed by the 
community.

Civil unrest: Organized demonstrations or 
unauthorized disturbances to public order 
(e.g., rioting, looting). It may or may not in-
volve violence. The trial could be directly or 
indirectly affected by this threat.

Hazards: Natural events (such as earth-
quakes or extreme weather) or human-caused 
incidents (such as fires, road accidents, indus-
trial disasters) can lead to destruction, injury, 
or death.

. Figure  2 shows the threat assessment 
and the scale of threat for an armed conflict.

Such a systematic approach will identify 
existing and potential threats and the risks 
they pose to the conduct of the trial. Security 
analyses should be updated regularly and after 
any significant change in the security context. 
Comparing your risk and threat assessment 
with that of other partners present in the field 
helps ensure your own analysis is complete 
and realistic. Security information may also 
be collected through the UN Department of 
Safety and Security, UNDSS, which has a 

mandate to cooperate with “relevant NGOs” 
under the Saving Lives Together framework 
(UN 2017). Researchers sponsored by national 
government institutions may also be able to 
work with security professionals at their 
embassy or at their headquarters to conduct 
security assessments and take necessary steps 
to reduce risk. For example, the US. Embassy 
in Liberia conducted a security review of the 
first Ebola clinical trial vaccination site in 
Monrovia. As a matter of principle, differ-
ences over the existing threat level should be 
resolved in favor of greater protection.
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       . Fig. 2 Threat assessment for an armed conflict. (Billy Sivahera Muyisa)

3  Management of Security Issues

3.1  Security Organization

A clear organizational chart defining security 
roles and responsibilities must be prepared 
with project managers and made known to all 
staff, who are responsible for complying with 
guidelines and fulfilling their security roles. A 
security grid defines the measures or actions 
corresponding to a particular security situa-
tion. To protect the staff  and the assets of the 
research project, security rules need to be 

respected and enforced by the persons in 
charge. Planning should cover foreseeable 
contingencies and include evacuation plans 
and shelter-in-place procedures known to all 
staff. Based on the criteria defined above, a 
security level is defined by the designated per-
son or group, often a committee comprising 
top management and the person(s) responsi-
ble for security. When a given security level is 
adopted, all staff  working in the clinical trial 
must comply with the corresponding security 
guidance. Normally any substantial violation 
would result in the violator being removed 
from the team.
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Specific actions taken in response to rising 
threat levels may include adjustment of work-
ing hours, closure of sites or offices, restric-
tions on movement, stricter site access control, 
a decision to shelter in place at the organiza-
tion base, or even a partial or full evacuation 
of staff  from the project site.

3.2  Communications

A few simple rules for communications are 
vital to ensure security and coordinate actions 
in case of an incident or worsening situation. 
Since wired landline telephones are the least 
secure, calls should be made via either mobile 
telephony provided by local operators or sat-
ellite phones (e.g., Thuraya, Inmarsat), which 
should be available to the project as an emer-
gency backup; high cost per minute is the 
main obstacle to routine use of satellite 
phones. Internet connection may be made via 
GPRS (General Packet Radio Services) and 
Wi-Fi mobile modems (mobile hotspots) at 
remote sites. An updated research response 
telephone directory must be available to all 
staff  involved in the research project but 
should not be kept within the project and 
“need-to-know” contacts like headquarters or 
security resources.

Vehicle radios can serve as an additional 
communications backup in some cases, but 
their primary purpose is for personnel out of 
range of other networks and for vehicles to do 
a regular communications check with their 
departure and destination points when travel-
ing between sites. Communications proce-
dures for security operations need to be tightly 
controlled: only authorized security person-
nel, the security chief, or the project lead is 
authorized to communicate security instruc-
tions.

3.3  Behavior

Adherence to high ethical standards 
(7 Chaps. 33, 33.2, and 33.3) helps guard 
against resentment and anger on the part of 
the local population and even other staff  

members. Just as important is personal com-
mitment by staff  members to help patients, 
trial participants, and their community. The 
attitude and behavior of research team mem-
bers must express these values; this is a moral 
imperative but also a practical necessity. 
Failure to respect other persons not only vio-
lates a key ethical norm, but it could also 
undermine the research program’s security 
and credibility. While several ethical codes 
related to clinical research and infectious dis-
ease response are covered in earlier chapters 
(7 Chap. 5), the WHO Code of Conduct 
(2017) is a more general practical guide that 
expresses the principles of a humanitarian 
project in day-to-day behavior. It includes the 
following key points:

 5 A respectful attitude toward research par-
ticipants and a friendly demeanor toward 
the partners and the populations involved

 5 Good communication between team mem-
bers to coordinate effectively and promote 
harmony in the workplace

 5 Maintaining a calm demeanor in stressful 
and demanding situations

 5 Understanding the customs of the locality 
and population without condemning them

3.4  Corruption

No matter how widespread or customary they 
might be, corrupt practices are not tolerated 
by international organizations, government 
agencies, or academic institutions. The defini-
tion used by the leading anti-corruption 
NGO, Transparency International (2014), is 
widely accepted: “the abuse of entrusted 
power for private gain.” Whether it takes the 
form of paying inflated prices for contracts or 
procurement, preferential hiring for the rela-
tives of local power brokers, or paying unau-
thorized “tolls” for transport, corrupt 
practices not only violate the policies of spon-
soring organizations and governments—they 
detract from the reputation of a research proj-
ect, feed the perception that it is just another 
group of people feathering their own nests, 
and can lead to ever-increasing demands for 
payoffs.
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3.5  Human Resource Management

Personnel recruitment can be sensitive in certain 
contexts and even generate security problems. 
Especially in remote areas where relations with 
central authorities are troubled, rumors that 
expatriates and experts from the national capital 
are there for personal gain can poison relations 
with the community. But research requires expe-
rienced staff members with specific skills. It may 
be necessary to explain carefully why specialists 
from elsewhere are needed to implement the 
research project (7 Chap. 18).

Once again, this a matter of ethics and 
equity that also has practical implications for 
security. To the extent possible, the research 
project should endeavor to build capacity for 
and transfer skills to the national and local 
communities. It is good policy to focus on 
local recruitment for positions that do not 
have specific requirements. Transparent 
human resource procedures and policies and 
an open recruitment process are a must for 
limiting resentment, suspicion, and protest by 
local communities—and therefore for limiting 
security threats. In some contexts, all individ-
uals who have submitted their application files 
must be “selected” and interviews conducted 
orally and in public to satisfy the community 
that the hiring process is honest. Multiethnic 
conflict can further complicate personnel con-
siderations; recruiting staff  from all signifi-
cant communities in the research area is 
another principle based on moral values that 
can help minimize suspicions and resentment 
in the surrounding population.

3.6  Selection of Research 
Participants

Recruitment of study participants is crucial 
and must be transparent. All ethnicities, tribes, 
social strata, and other significant groups 
should be included, taking into account eligi-
bility criteria for the trial, Good Participatory 
Practice (GPP) (7 Chap. 18) and Good 
Clinical Practice (GCP) (ICH 2016; UNAIDS 
and AVAC 2011). The sensitivities of the popu-
lation should also be considered, more so 

because existing poverty is likely to have been 
aggravated, in many cases, by the outbreak or 
epidemic. Benefits received—better medical 
care, meals, transport costs, per diem—can 
loom large, in some cases becoming the only 
income of the trial participants. Since the num-
ber of participants in clinical trials is usually 
limited and based on strict eligibility criteria, 
some would- be participants are likely to feel 
aggrieved. Transparency in recruitment and 
the involvement of local communities in all 
stages of the project’s implementation can min-
imize any potential increased threat on this 
basis. A means of identifying research partici-
pants will also be needed. Depending on the 
environment, this could be simple ID cards or 
biometric security arrangements. A database to 
track scheduled and unscheduled visits by 
research participants is also useful.

3.7  Visibility and External 
Communication

Some organizations and their logos can be a tar-
get from the outset of an emergency. This is yet 
another instance where local cultural and politi-
cal knowledge is essential to gauge the extent of 
threats that may arise from hostility to a particu-
lar organization or country. Threat analysis 
should determine whether one of the research 
sponsors or implementing organizations is likely 
to be attacked. Since emergency research is a 
multidisciplinary effort with several actors, it 
might be best to use a neutral logo that has no 
previous history and brings together all research 
actors. That does not prevent organizations 
from pursuing logos for their own assets if that 
is deemed safe. Both as a security matter and for 
consistency of messages, all oral, written, or 
visual external communications must be made 
in consultation with the principal investigators 
in charge of the research.

3.8  Photography

In general, photography should take place 
only with sufficient knowledge of local culture 
and norms. Never photograph or interview 
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people without their express consent. If  there 
is any chance the photograph or interview will 
be published, there should be written informed 
consent in the form of a signed document. 
The consent document should be translated 
into a language the person signing knows. 
When photos are taken, their purpose must be 
compatible with the mandate of the research 
sponsors and partners. Photos of vulnerable 
people at sensitive moments, such as when 
they are ill, can easily cross the invisible line 
into exploitation or be seen to do so. We rec-
ommend staff  never take pictures of soldiers, 
police officers, government officials, military 
installations, or other sites that may be deemed 
sensitive by authorities.

4  Social Mobilization, 
Communications, 
and Community Engagement

4.1  Social Science Surveys

Anthropological research and surveys of com-
munity sentiment before and during a clinical 
research study can also help mitigate risks and 
anticipate security issues. A community engage-
ment strategy is essential for such research proj-
ects for many reasons, and ongoing surveys 
must be carried out on all operational issues in 
order to adapt the appropriate strategies to the 
field. It is important to be aware that “commu-
nity” is not a simple concept but can refer to 
multiple overlapping categories people belong 
to, for example, their village, tribe or clan, reli-
gion, occupation, social class, and, of course, 
gender (Wilkinson et al. 2017).

4.2  Social Communications

Maximum transparency is a sacrosanct prin-
ciple for research project implementation. 
Effective explanation of the methods and 
objectives of the project helps build the sup-
port of surrounding communities for the proj-
ect and its staff. People need to understand 

the added value of the research project in the 
short, medium, and long term. The better 
they understand the project, the more they 
will defend it with their communities, families, 
and peers (7 Chap. 18). Such alliances with 
local stakeholders must be based on achieving 
the objectives of the project and providing 
any promised benefits and should not be 
based on cash payment as the primary incen-
tive. The subject is one of continued disagree-
ment and controversy (Largent and Fernandez 
2017), but the ongoing involvement of legiti-
mate leaders and their participation in out-
reach activities for community ownership of 
the messages are important, as are community- 
based chats, meetings, and advocacy activities. 
The organization of guided tours of research 
sites with community members and leaders 
reduces rumors and promotes acceptance of 
the project.

Beyond medical management of serious 
adverse events (SAEs), such as anaphylactic 
shock, a participant’s death must be handled 
according to the protocol procedures in place, 
which should have been developed with local 
partners. Community-based plans for group 
insurance services need to take local socio- 
anthropological norms into account for effec-
tive management of serious events and 
communications with family, communities, 
and local authorities. Clumsy or inappropri-
ate handling of deaths or severe injuries could 
lead to violent reactions against the research 
site or personnel, which family or community 
members blame for the deaths or injuries. If  
disease mortality rates are high, as with Ebola, 
or if  the interventions under investigation 
prove not to be efficacious or even cause harm, 
the risk to staff  and research sites increases. 
The pharmacovigilance team and local staff  
members who know the community should 
report regularly on community attitudes 
toward the research project.

Conspiracy theories and scurrilous rumors 
about research projects, especially those test-
ing experimental products, are all too com-
mon. The idea that the project’s real purpose 
is human experimentation, sterilization, or 
even extermination can find fertile ground. 
While the principle of transparency remains 
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paramount in clinical research, in some con-
texts, the impact of large-scale communica-
tion of research objectives with poorly 
formulated messages may be misunderstood, 
and excessive public messaging may be coun-
terproductive. A lower public profile, limiting 
full communications to trial participants, 
implementers, and officials who need to know, 
may be preferable. Such a decision would only 
be made with the advice of knowledgeable 
local partners.

4.3  Disaffected Communities

There are times and places where national and 
local governments have lost their popular 
legitimacy—where people’s needs, safety, and 
protection have been neglected by authorities 
or where epidemic response has been inade-
quate. Since research projects need govern-
ment authorities for authorization and 
implementation, the national government is 
nearly always an official partner in an emer-
gency research endeavor. While remaining in 
partnership with the country’s authorities, 
research stakeholders may need to differenti-
ate themselves through professional and neu-
tral implementation of the research and equal 
respect for members of all social groups. 
Research actors may need to negotiate with 
rebellious or criminal armed groups opposed 
to the government.

5  Securing Research Assets

5.1  Research Sites

Research facilities—both physical facilities 
and electronic systems for data and communi-
cations—must always be secured against 
unauthorized entry in order to protect people, 
property, confidentiality, and scientific value 
of data, biological samples, experimental 
products, etc.

Physical security of a research project 
begins with site selection (7 Chap. 40). A par-
ticipatory process with the surrounding com-

munity in choosing and setting up the site is 
essential. It is often preferable for research 
sites to be integrated with existing structures 
such as hospitals or health facilities, which 
may facilitate acceptance of the research by 
populations who know them as medical loca-
tions. Such sites often have existing physical 
security measures (walls, access-controlled 
entries, etc.) conducive to good security man-
agement. The establishment of isolated sites 
may fuel rumors about secrecy for hidden pur-
poses. Unless infection prevention and con-
trol or biosafety considerations require an 
isolated location, it is good practice to locate 
in populated areas.

This chapter will not go into great detail 
about specific security procedures, especially 
since they depend so heavily on local condi-
tions. There are many practical security man-
uals and guidelines for humanitarian 
operations in difficult environments (Davis 
et  al. 2017; Overseas Development Institute 
2010; Oxfam. 2014; Stoddard et  al. 2019). 
Even more useful is consultation with health 
emergency responders and other assistance 
groups already operating in the area to take 
advantage of their experience. A complex 
research program is unlikely to be the first 
organization to set up in an emergency.

5.2  Securing Energy, Information 
and Communications 
Technology, and Inventory

Monitoring of electrical installations must be 
continuous, and regular tests and preventive 
maintenance must be carried out. Local staff  
may be trained on the basics of energy secu-
rity and the standard operating procedures 
(SOPs) defining the rules to be developed (see 
7 Chap. 35).

Security for information and communica-
tions technology is a field of its own (7 Chap. 
34). Many of the operational principles and 
practices will be the same as they are any-
where in the world; most of the differences in 
a low-resource research setting will be related 
to the fragility and inadequacy of existing 
infrastructure.
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5.3  Pharmacy, Laboratory, 
and Cold Chain Security

Pharmacy operations include importation, 
safekeeping, inventory management, and 
transport (7 Chap. 38). The premises housing 
the pharmacy and investigational product 
preparation must meet well-defined security 
criteria in accordance with the research proto-
col. Laboratories must also be built or reno-
vated in accordance with the research to be 
done there (7 Chap. 9). Detailed specifica-
tions must be put in place before tenders for 
laboratory construction or renovation are 
issued. The space(s) housing the pharmacy 
and laboratory must have an additional level 
of physical protection and access control over 
and above that of the research site as a whole, 
and entry should be strictly limited to person-
nel authorized by the principal investigator or 
site manager.

Most clinical research projects will require 
a cold chain to transport investigational prod-
ucts, reagents, and other needed supplies to 
the site, sometimes with special requirements 
for maintaining a very cold temperature 
(−80 °C) (7 Chap. 39). The transfer of bio-
logical samples can also have specific bio-
safety requirements to ensure they do not leak 
into the environment even in extreme events 
like a plane crash. Specific procedures for the 
safety of the cold chain are to be developed 
according to the requirements of the project.

5.4  Money

Research projects in low-resource, emergency 
contexts will often have to do much of their 
business in cash, sometimes quite a lot of it. 
Because research projects usually require that 
some compensation be paid to participants to 
cover their expenses and inconvenience, cash 
payments may regularly coincide with partici-
pant visits. Goods and services like motor 
vehicle and generator fuel, food supplies, pay-
ment of personnel, etc. will sometimes have to 
be in cash. Specific security rules will limit 

financial and human risks. The project finance 
coordinator manages cash as well as accounts. 
The specific rules governing security of funds 
should not be shared beyond senior staff  and 
those who must actually implement them, 
since dissemination of this sensitive informa-
tion could compromise the security of fund 
transport, storage, and disbursement (Gordon 
2015). When possible, payments should be 
made by bank transfer only, rather than by 
check or cash. Crisis conditions are often 
associated with banditry, and research pro-
grams may be seen as easy and lucrative tar-
gets. Security risks associated with cash are 
important, and liquidity management requires 
attention.

Project accounts must operate with a dual 
signature to ensure no one person has 
unchecked control of funds. The signers are 
often the project manager and the financial 
administrator, who approve the operations 
according to the internal administrative and 
financial procedures of the organization. 
Finally, note that risks increase at the end of 
the month, with the payment of staff  salaries; 
before important holidays (Eid al-Fitr, Easter, 
New Year) because these may require seasonal 
expenditures among the local communities; 
when the local economy is depressed by the 
emergency; and if  soldiers or civilian officials 
have not been paid.

6  Conclusion

As with so many aspects of  an emergency 
clinical research response, ensuring security 
for sites and personnel requires upholding 
the fundamental standards that pertain to a 
nonemergency situation, by applying both 
professional expertise and sufficient flexibil-
ity to cope with the emergency circumstances. 
Not all threats can be averted, but good secu-
rity practices will prevent the vast majority 
of  potential incidents that can harm the 
research program, its personnel and partici-
pants, and the communities in which it is 
implemented.
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? Discussion Questions
 1. Define the terms risk, threat, and vul-

nerability.
 2. The United States and other industrial-

ized nations have strict laws forbidding 
kickbacks, bribes, or other illicit pay-
ments, especially when government 
funds are involved. In many countries, 
such illicit payments are tacitly 
accepted. If  you were involved in con-
tracting or other business affairs for a 
research site, how would you reconcile 
this conflict?

 3. If  a research site had to be protected at 
all times from a hostile local population, 
how would this affect the quality of  the 
research?

 4. The Golden Rule–treat others as you 
wish to be treated, or another of  its 
varying formulations–is an accepted 
ethical principle in many if  not most 
religions and cultures. How can adher-
ing to the Golden Rule contribute to the 
security of  your research site?

 5. Research facilities must be secured 
against unauthorized entry. Discuss 
ways to secure the pharmacy, labora-
tory, and cold chain.

 6. Discuss a few simple but vital communi-
cation rules to ensure security and coor-
dinate actions in case of  an incident or 
worsening situation.

 7. Maximum transparency is critical when 
implementing a research project. 
Transparency demands effectively 
explaining the methods and objectives 
of  the project to help build the support 
of  surrounding communities for the 
project and its staff. Discuss social com-
munication strategies that enhance 
transparency, and dispel conspiracy the-
ories and scurrilous rumors.

 8. Discuss the process of  ethically selecting 
research participants and avoiding secu-
rity problems or threats from aggrieved 
community members unable to meet 
inclusion criteria for trial participation.

 9. Discuss some cash withdrawal rules to 
be followed at the bank.

Box 3: An Example of Specific Security Procedures
Cash withdrawals are made at the bank under 
the following rules:

 5 Avoid as much as possible withdrawals be-
tween the 25th and 5th of  the month, since 
salaries, rents, etc. are often due at the end 
or beginning of  the month.

 5 The day of  withdrawal should vary with 
each withdrawal.

 5 The administrator making the withdrawal 
is accompanied only by a driver, who must 
remain on standby.

 5 The travel destination is not communi-
cated to the guards or on motor pool 
movement tables; it should be replaced 
with an innocuous destination like the 
market.

 5 The destination is communicated orally to 
other senior staff  present at the office.

 5 The destination is communicated to the 
driver only en route.

 5 Routes are varied if  possible and safe.
 5 During the return, the windows of  the ve-

hicle must be closed, and the doors locked.
 5 No other stops can be considered while 

traveling to and from the bank.
 5 The frequency and timing of  cash trans-

fers, whether from the bank or between 
project locations, must appear random.

 5 At the bank, cash withdrawals must be 
done in a private room.

 5 The return path must vary with each with-
drawal if  at all possible. The administrator 
should tell the driver which route to take 
as they are returning.
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Learning Objectives
This chapter will help readers understand and 
describe the following:

 5 The main requirements for a human 
resource plan

 5 The importance of team communication 
and partnership when hiring and managing 
staff

 5 The roles of various staff  positions in a 
research program, using the PREVAIL 
Ebola vaccine study as an example

 5 The adaptive approach to clinical research 
conduct in a setting with little experience of 
research and shortcomings in basic staffing 
and infrastructure

 5 The value of social mobilization, communi-
cations, and community outreach (SMC) 
throughout a research study

 5 Some ethical and pragmatic dilemmas in 
recruiting scarce skilled personnel during 
an emergency outbreak

 5 Training staff  members during an emer-
gency response

 5 Workarounds if  more experienced person-
nel are prohibited from traveling to sites 
where the research protocol is being imple-
mented because of security concerns

1  Background

Human resources must meet the requirements 
of regulatory and ethics compliance and sci-
entific rigor even during time-sensitive, high- 
risk scenarios. The examples below are drawn 
from multiple studies and the authors’ experi-
ence, primarily in the response to Ebola virus 
disease (EVD) in Liberia during the 2014–2016 
outbreak in West Africa and to a lesser degree 
in the 2018–2020 outbreak in the eastern 
Democratic Republic of the Congo (DRC). 
All three of the countries most affected in 
2014–2016, as well as the DRC, are classified 
as low income by the World Bank and least 
developed by the United Nations (OECD 
2021). For this reason and because of past or 
present civil conflict, infrastructure was lack-
ing, the health system was overtaxed, and 
qualified personnel—especially medical per-
sonnel—were in short supply. Operations in 
the eastern DRC outbreak were further com-

plicated by current civil unrest and multiple 
armed groups moving amid a population mis-
trustful of central government authority 
(Nguyen 2019).

Most of the potential challenges to estab-
lishing a research program will be encoun-
tered in low-resource settings like these; 
similar difficulties will occur even in high- 
income countries during a public health emer-
gency. Clinical trial partners must work 
together to design and conduct scientifically 
rigorous, ethical, and culturally appropriate 
clinical studies that meet international stan-
dards for clinical research, with the goal of (a) 
mitigating and helping to end the outbreak 
and (b) gathering regulatory-level data on 
investigational products, while active human- 
to- human transmission of the pathogen in 
question continues.

Human resource planning and identifica-
tion should commence when a protocol con-
cept is defined in parallel with other activities 
required for planning, initiating, and conduct-
ing clinical studies. It is critical to initiate this 
process as early as possible, with the expecta-
tion that the planning will be refined based on 
new information and experience.

2  Emergency Response Clinical 
Trials

Examples from two separate Ebola outbreaks 
illustrate lessons learned in collaborative 
efforts to engage locally hired staff  to carry 
out essential functions in the research 
responses.

The first example comes from the U.S. 
National Institute of Allergy and Infectious 
Diseases’ (NIAID) experience with the inau-
gural trial of the Partnership for Research on 
Ebola Vaccines in Liberia (PREVAIL)1 dur-
ing the 2014–2016 West Africa outbreak 
(Kennedy et  al. 2016; Larson et  al. 2017). 

1 As the PREVAIL program expanded, the full name 
is changed to Partnership for Research on Vaccines 
and Infectious Diseases in Liberia to include other 
types of  infectious disease research, but the PRE-
VAIL acronym remains.
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PREVAIL I was a Phase II placebo-controlled 
randomized clinical trial designed to evaluate 
the safety and efficacy of two candidate Ebola 
vaccines. It was initially planned as a Phase III 
trial that would enroll up to 28,000 partici-
pants, but with a decline in new cases of Ebola 
virus infection as the outbreak waned, the 
Phase III design was no longer deemed to be 
feasible. Following safety, ethical, and U.S. 
Food and Drug Administration (FDA) 
approval/concurrence, the study was amended 
to a more robust 1500-person Phase II design. 
PREVAIL nevertheless proved to be a pivotal 
example for increased acceptance of clinical 
research as an integral part of an infectious 
disease emergency response (NASEM 2017; 
Thielman et al. 2016). For a study of this mag-
nitude, effective human resource management 
was vital to identifying, recruiting, training, 
motivating, and retaining staff  for an effective 
and productive workforce aligned with the 
strategic priorities of the program. Most of 
this chapter is based on the PREVAIL 
 experience.

Lessons from PREVAIL also informed the 
planning and implementation of the DRC 
PALM trial (Pamoja Tulinde Maisha, mean-
ing “Together Save Lives” in Swahili), and ele-
ments of PREVAIL adapted to PALM will be 
described in the training section of this chap-
ter. This was a NIAID collaboration with the 
DRC Institut National de Recherche 
Biomédicale (INRB) during the 2018–2020 
EVD outbreak in the North Kivu and Ituri 
provinces (Mulangu et al. 2019; WHO 2020a). 
The DRC Ebola PALM therapeutics trial pro-
vided most of the data that led to FDA 
approval of two Ebola treatments (FDA 
2020a, b). Planning for both studies moved as 
expeditiously as possible. The PREVAIL I 
study in Liberia took 3  months from initial 
planning to enrollment of the first study par-
ticipant in a naïve clinical research setting.

2.1  PREVAIL

PREVAIL serves in several chapters of this 
volume (7 Chaps. 17, and 40, In Practice 32.1) 
as a paradigmatic example of how to over-
come barriers and carry out a research pro-

gram under demanding circumstances. The 
2014–2016 Ebola outbreak in West Africa, in 
which Liberia was one of three countries hit 
hardest, was a test case for quickly implement-
ing clinical research programs on new Ebola 
vaccine candidates to mitigate a major out-
break while it was occurring.

2.1.1  PREVAIL Background
PREVAIL was the outcome of an overture 
from the Liberian Minister of Health to the 
U.S. Secretary of Health and Human Services 
for a suggested research collaboration. The 
objective was to conduct research on promis-
ing therapeutics and vaccines for EVD, which 
had been identified in West Africa for the first 
time (Doe-Anderson et al. 2016). A panel of 
researchers and scientists from the U.S. 
National Institutes of Health (NIH), NIAID, 
and the Ebola Incident Management Team 
designated by the Liberian Ministry of Health 
(MoH) discussed how to mitigate the out-
break and decided to conduct clinical trials on 
existing investigational vaccines (Lane et  al. 
2016). Fundamental aspects of ensuring a 
successful clinical research partnership 
included quickly defining roles and responsi-
bilities to establish a partnership agreement 
and governance and organizational structures.

Liberia had hosted little clinical research 
before 2014, and the necessary infrastructure 
and human resource capabilities for clinical 
research were limited at best. While much has 
been written on how to conduct clinical 
research, there are few written resources on 
infrastructure and staffing in research-naïve, 
resource-limited settings (Koita et  al. 2016; 
NASEM 2017).

Liberian infrastructure and healthcare still 
suffered the lingering consequences of years 
of civil war between 1989 and 2003. Conflict 
effectively destroyed most of the medical clin-
ics and hospitals in the nation and severely 
depleted the medical workforce. By 2008, only 
51 physicians were practicing in a country of 
3.9 million people—1.4 physicians per 100,000 
citizens. Although this number had grown to 
90 doctors in 2010 (WHO 2020b), it was still a 
tiny fraction of the needed proportion of phy-
sicians to population. The country’s only 
medical school had few faculty members 

1073
42 Locally Hired Staff for Clinical Research Sites in Low-Resource Settings



 

(Challoner and Forget 2011) and shut down 
with the onset of the EVD outbreak in 2014. 
Most Liberian medical students and residents 
left their training to work in Ebola treatment 
units (ETUs) or in other positions with inter-
national agencies. Most non-Ebola health 
facilities had closed by the fall of 2014. The 
weaknesses in Liberia’s healthcare system 
were exacerbated by the epidemic; 8% of 
healthcare workers died from the disease, 
including 5 doctors and 78 nurses (Evans et al. 
2015).

Even in places where infrastructure and 
trained research support specialists are avail-
able, it usually takes many months to start a 
clinical research study. Rising death tolls dur-
ing an infectious disease emergency such as 

the global COVID-19 pandemic or the West 
African EVD outbreak make this timeline 
unacceptable. Efforts in Liberia prefigured 
global efforts in 2020 to mount an all-fronts 
response to the outbreak, with expedited clin-
ical research at the core of the response. An 
urgent yet well-planned process for hiring and 
training local staff  is an essential element of 
setting up an emergency research program. 
Along with developing and refining the trial 
protocol, the PREVAIL team had to deter-
mine the level of staffing required to prepare 
and operate the clinical research facility and 
secondary trial sites and reconcile the require-
ments with the available labor force and the 
number of staff  members who could be 
brought in from outside the country.

Box 1: Initial Short-Term Employment for In-Country and International Staff
The urgency of  the Ebola response in West 
Africa meant that the host countries and their 
foreign partners had to quickly identify staff, 
whether through recruitment or reassignment, 
willing to support rapid- response operations 
in Liberia and other West African countries. 
In the case of  PREVAIL, the U.S. government 
and contract staff  volunteered to partner with 
Liberian colleagues to establish the program 
in Liberia, which got underway in early 
February 2015. Many other medical personnel 
from other countries volunteered to work in 
the West Africa emergency response, despite 
the risks of  working amidst an Ebola epi-
demic. This led to a widespread short-term 
employment model comprising a mix of  for-
eign and in-country staff, including many with 
rotating deployments in and out of  West 
Africa.

Factors leading to the initial success of the 
collaborations were constant communications 
between the partners, many of which were face-
to-face engagements, mutual knowledge sharing, 
and identifying and relying on subject matter 
experts to solve daily challenges and obstacles.

Although this chapter focuses on local hir-
ing, it is worth noting that those who travel 
from other countries should develop a list of 
considerations for deployment during an infec-
tious disease outbreak (e.g., risk factors, provi-
sion for medical evacuation insurance, 
international health insurance, medical clear-
ance and required vaccinations, identification 
of  health facilities in the host country where 
foreign staff  can be evaluated and receive med-
ical care, UN or embassy briefings, in-country 
logistics, visa requirements, and security 
requirements, among others).

As the PREVAIL partnership got under way, 
the collaborating U.S.-Liberia team of experts 
appointed the first three positions by consen-
sus, a Director of Operations and two 
Assistant Directors, who made up the 
PREVAIL Operations Team. Once in place, 
the Operations Team reviewed the protocol 
concept to identify staff positions, recruit and 

hire staff, and adapt or establish infrastructure 
to meet the logistical requirements of the trial.

Moving swiftly required the negotiation 
and execution of contracts needed to recruit 
and hire in-country staff  to support the 
human resource management plan. Staffing 
contracts were legally mandated in Liberia, 
and though employment law was often 
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skirted, the NIAID-MoH partnership was 
obligated to comply with them.

The outbreak response required interna-
tional and in-country experts from the scien-
tific, technical, public health, security, and 
medical communities to work in concert with 
the Liberian Ministry of Health and Ministry 
of Labor to develop mechanisms to hire in- 
country staff. Rotating clinical research oper-
ations staff  from the United States, including 
volunteers from institutions including the 
NIH, FDA, Centers for Disease Control and 
Prevention (CDC), U.S. Public Health Service, 
and others, was also essential to the launch 
and continuation of the study.

3  Hiring Amid an Emergency

3.1  Human Resource Management

Establish hiring mechanisms quickly by 
negotiating and executing contracts that 
meet the needs of all parties.

Human resource management is vital to iden-
tifying, recruiting, retaining, training, and 
motivating staff  members for an effective and 
productive workforce aligned with the strate-
gic priorities of a program. A human resource 
management plan guides leadership’s human 
resource actions throughout the study/pro-
gram. At a minimum, the human resource 
management plan must include the following:

 5 Foundational framework for personnel 
needs

 5 Planned roles and responsibilities
 5 Project organization and governance 

chart(s)
 5 Staffing management plan(s)
 5 Recruitment plan and mechanism(s)
 5 Onboarding plan/employee handbook
 5 Performance monitoring and evaluation 

plan
 5 Fair and reasonable salary scale
 5 Initial and ongoing training to include 

leadership and management training as 
well as scientific and clinical training

 5 Termination or transition plan for the end 
of the program and/or transition from 
emergency response to a sustainable clini-
cal research program

 5 Inherent flexibility to adjust for rotation 
of international-local support staff  and 
for modifications to effectively meet evolv-
ing resource needs and strategic priorities

While the items listed above are all part of 
initiating and implementing a robust human 
resource management plan, not all can real-
istically be fully developed before the study 
begins. With PREVAIL, aspects of  the 
essential elements listed above were initially 
established, while others were enhanced as 
the Partnership expanded from one vaccine 
trial in early 2015 to ten interventional and 
observational studies, including malaria 
and HIV as well as EVD and involving 
thousands of  participants by the end of 
2019.

An emergency research response project in 
a developing country must include building 
research capacity in the host country so that 
the infrastructure, equipment, and personnel 
can transition to a sustained national research 
program that addresses an expanded portfolio 
of diseases (NASEM 2017).

One cannot overemphasize the importance 
of team communication, collaboration, part-
nership, and mutual respect in enabling the 
successful conduct of clinical research during 
an outbreak, especially when it comes to hir-
ing and managing staff. Full engagement 
among team members to understand both 
cultural nuances and standard global require-
ments is paramount.

Sharing knowledge within the clinical 
research partnership and capitalizing on the 
innate strengths of  partners involved are 
also invaluable in emergency response. In 
PREVAIL, Liberian partners understood 
and shared specific local factors, such as the 
Liberian healthcare system and its human 
resource structure; the cultural norms and 
practices of  potential study participants; 
and in-country connections, capabilities, 
and motivations of  in-country staff. 
Communication was crucial to understand-
ing cultural and business- custom nuances 
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related to employing and training physi-
cians, nurses, phlebotomists, pharmacists, 
and other key staff.

3.2  Key Staff Positions

Personnel who have specific training and com-
petencies are needed to achieve a high standard 
of design, management, and operational exe-
cution of a clinical study (Gobat et al. 2018). 
Not all the positions listed here are found in 
standard staffing charts for clinical trials. They 
represent the adaptive approach used to con-
duct research in a clinical research- naïve set-
ting with shortcomings in basic  infrastructure 
like power, water, sanitation systems, and com-
munications. Adaptability is fundamental—
clinical trial circumstances for emerging or 
reemerging infectious diseases will vary 
depending on the nature and burden of the dis-
ease, the location, the medical countermea-
sures available (investigational or licensed), and 
many other factors. Investigators and opera-
tional staff will not find an “off-the-shelf” pro-
cedural template in such circumstances, though 
with proper preparedness they can have one 
ready to adapt. The task is to apply the princi-
ples of clinical research and trial operations in 
diverse and challenging conditions.

The Operations Team determined that the 
following positions needed to be staffed for 
PREVAIL’s Ebola vaccine study. The list is 
indicative and may vary depending on the 
nature and circumstances of an emergency 
response and what is required for the study. 
Therefore, when considering key staff  posi-
tions, one must be cognizant of the staffing 
needs of the study while avoiding competition 
with the national public health emergency 
response.

3.2.1  The Principal Investigator (PI)
The principal investigator (PI) is the overall 
chief  and manager of a clinical trial and must 
have the appropriate education (generally 
MD, PhD, or both), further post-degree train-
ing, and considerable trial experience. The PI 
takes overall responsibility for all aspects of 
the trial.

3.2.2  Site Physicians and Physician 
Assistants

Site physicians and physician assistants were 
on site daily and were responsible for con-
ducting physical exams, reviewing laboratory 
results, and monitoring the medical condition 
of participants during their participation. In 
Liberia, they were often referred to as “medi-
cal monitors,” although in the clinical research 
context elsewhere the term usually means 
“medically qualified individuals … involved in 
safety oversight and pharmacovigilance” 
(NIH 2014). It took a little time to straighten 
out mutual understanding of the term—a 
case in point of the necessity for agreed termi-
nology among all parties working together.

3.2.3  Subject Matter Experts (SMEs)
Subject matter experts (SMEs) may be needed 
depending on circumstances in fields such as 
clinical trial operations, clinical research sci-
ence, project management, clinical and 
research laboratory, regulatory, logistics, bio-
statisticians, pharmacy, data management, 
quality control, and information and commu-
nications technology.

3.2.4  Site Managers
Site managers are responsible for day-to-day 
operations at the individual sites. The site 
manager oversees the site, communicates 
effectively with all stakeholders, and is the pri-
mary liaison between the site and the manage-
ment operations center. They must be capable 
of implementing and amending site standard 
operating procedures.

3.2.5  Clinical Site Coordinators
Clinical site coordinators are responsible for 
monitoring operational activities at all 
research sites and serving as a liaison with 
partners and stakeholders. This position 
might include ensuring appropriate equip-
ment is ordered and delivered, site infrastruc-
ture is maintained, staffing is appropriate, etc.

3.2.6  Nurses
 5 Research nurses educate participants about 

the study, obtain informed consent, per-
form study-related procedures (such as 
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vital signs assessments and pregnancy test-
ing), record study data, and administer 
study vaccines.

 5 Follow-up nurses keep track of participants 
between study visits to monitor potential 
adverse events and encourage participants 
to return for subsequent visits. Though 
follow-up nurses often worked closely with 
participant trackers, their roles and scopes 
differed. The participant trackers were 
members of the local communities who 
worked in the field, while follow-up nurses 
were medically trained staff  who worked 
in the clinic and were not necessarily mem-
bers of the local community.

3.2.7  Case Managers
Case managers work with participants 
referred for medical issues unrelated to the 
study to ensure they receive appropriate medi-
cal care. They coordinate with the site man-
ager, physicians, and referral centers. They 
also serve as patient advocates and collabo-
rate to maximize the participant’s and family’s 
ability to make informed decisions.

 5 Participant trackers. This position was cre-
ated by PREVAIL based on a need to fol-
low the vaccine trial participants for the 
duration of the study to ensure their return 
for scheduled visits and minimize loss to 
follow-up. These were known and trusted 
individuals from the local communities 
near the study site who talked with the 
study participants about their concerns, 
whether medical symptoms, social or per-
sonal issues, or community perceptions of 
the study. The trackers reported relevant 
information from the participants and the 
community to the site manager, medical 
monitor, case manager, and social mobili-
zation team. They helped to minimize 
community fears and suspicions by con-
veying accurate information and updates 
about the research program. The trackers 
were a key factor in achieving high compli-
ance with follow-up schedules.

 5 Psychosocial counselors, usually social 
workers or mental health practitioners, 
provide psychological and social support 
to participants. Since the Ebola vaccine 

protocol included HIV/AIDS testing, 
related counseling was provided in accor-
dance with Liberian MoH mandates for 
HIV testing.

3.2.8  Study Coordinators
Study coordinators complete case report 
forms and ensure that all aspects of the proto-
col have been implemented. They also ensure 
compliance with international standards such 
as good clinical practice (GCP) and good par-
ticipatory practice (GPP) (EMA 2016; FDA 
1995; ICH 2016; UNAIDS/AVAC 2011; 
WHO 2016). The study coordinators ensure 
quality control and participate in trial proce-
dures on an ongoing basis with research staff  
to ensure clinical support for the trial is in 
accordance with the protocol. Although this 
position was not in the original PREVAIL 
staffing plan, the study coordinator role was 
identified later as having been immensely 
valuable in the EVD and other emerging and 
reemerging infectious disease (EID) responses. 
During the COVID-19 pandemic, study coor-
dinators were recruited through domestic and 
international staffing agencies to supplement 
clinical site staff  who did not have the time to 
manage all the research aspects of the study 
due to their patient care responsibilities.

3.2.9  The Laboratory Manager
The laboratory manager ensures that on-site 
and central laboratory requirements are ful-
filled, supervises laboratory technicians and 
assistants, and implements day-to-day labora-
tory testing schedules. The laboratory man-
ager may devise and test improved laboratory 
methods and procedures, represent the clini-
cal laboratory working group as the func-
tional lead, train new technicians on all 
laboratory standard operating procedures, 
and evaluate the performance of all labora-
tory staff. In addition to having the required 
competencies and skills, the laboratory man-
ager must be flexible and available at all hours 
to participate in after-hours emergency 
response when required.

 5 Laboratory technicians and lab assistants 
collect, process, analyze, and often trans-
port research and clinical samples between 
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clinical research sites and the central clini-
cal lab or the research lab. They are 
involved in the collection and processing 
of research samples (blood, urine, breast 
milk, semen, cord blood, cerebral spinal 
fluid) and perform chemistry, bacteriol-
ogy, urine, and hematology analyses.

3.2.10  Pharmacists and Pharmacy 
Technicians

Pharmacists and pharmacy technicians 
receive and ensure proper storage, handling, 
and shipment of investigational products and 
other pharmaceutical agents (7 Chap. 38). 
They prepare products for dispensing in 
accordance with study protocols and are 
responsible for ancillary supplies ranging 
from alcohol swabs to syringes. PREVAIL 
pharmacists ensured that cold chain require-
ments were understood, complied with, and 
documented throughout the study—a 
mission- critical requirement for sound data 
(7 Chap. 39).

3.2.11  Data Management Staff
Data management staff  work with the clini-
cal staff  to confirm that data collection on 
study participants is in accordance with the 
study protocol and that the number of  errors 
and missing data is minimized. They ensure 
that the data are complete, accurate, and 
suitable for statistical analysis and fulfill rel-
evant regulatory standards for data quality 
and integrity. They also support the develop-
ment of  case report forms. These individuals 
are required to have basic computer profi-
ciency, data entry and presentation skills, 
and ability to pay close attention to detail in 
organizing and entering study data, report-
ing on data entry status, and identifying and 
communicating data entry queries and com-
plications.

 5 Quality control staff ensure that all data 
collected fulfill the integrity standards 
required for future regulatory approval of 
the investigational product. Quality con-
trol staff  collaborate extensively with the 
physicians, site managers, study coordina-
tors, data management, and other research 
staff  to ensure the quality and complete-
ness of study records and documentation.

3.2.12  Information 
and Communications 
Technology (ICT)

ICT is the backbone for all operations and 
can demand improvisational skills that may 
be hard to find when communications infra-
structure is unreliable or lacking (7 Chap. 34). 
ICT staff  perform setup and troubleshooting 
on all ICT issues including computers, 
Internet connectivity, telephones, and radio 
for communications with drivers; between 
study sites, staff, and participants; and with 
national and international sponsors and 
stakeholders.

3.2.13  Administrative Staff
Administrative staff  include administrative 
assistants, receptionists, office assistants, 
logistics, and finance clerks. They are essential 
for the operations of any organization, but 
the special circumstances of an emergency 
response clinical research program in a low- 
resource setting require a special combination 
of local knowledge and adaptability. The 
PREVAIL management team identified indi-
viduals who not only had administrative skills 
but also had flexibility and mastery of the 
local terrain to function and navigate success-
fully under emergency conditions.

3.2.14  Facilities Management Staff
Facilities management staff  includes janitors 
(“hygienists” in Liberia), security guards, driv-
ers, and maintenance technicians. The many 
tasks they perform ensure that the physical 
infrastructure is kept clean, secure, and func-
tional to support the conduct of the research 
and the safety and well-being of the study par-
ticipants and staff and that staff  and supplies 
are where they need to be. Maintaining power 
supply where grid supplies are unreliable is a 
matter of special importance (7 Chap. 39).

3.2.15  Communications and Social 
Mobilization Coordinator

Communications and social mobilization 
coordinator roles were created in response to 
the EVD outbreak based on a requirement 
from the Liberian Ministry of Health because 
of the positive impact they would have on the 
outbreak response and mitigating spread. 
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Social mobilization (7 Case Study 32.1) 
ensures that community members and poten-
tial study participants are well informed about 
the purpose and details of the clinical trial 
and receive ongoing information on new find-
ings and other relevant updates.

 5 The communications manager educated 
PREVAIL scientists on how to effectively 
communicate scientific concepts in lay lan-
guage; trained local journalists on science 
and health-sensitive reporting; interacted 
closely with the local and international 
media to proactively facilitate media 
 coverage of PREVAIL activities, events, 
and dissemination of research findings; 
and worked with the SMC team and the 
MoH to develop appropriate messages for 
the Liberian public (7 In Practice 32.1).

 5 Social mobilization, communications, and 
community engagement teams ensured 
good participatory practice (GPP) (Mac-
Queen et al. 2015; UNAIDS/AVAC 2011; 
WHO 2016, 2017) and were also a key fac-
tor for the success of Liberia’s national 
effort to reduce EVD transmission, not 
only through clinical trials but also through 
broader measures of public health and 
medical treatment. The Liberian Minister 
of Health rightly insisted on incorporating 
social mobilization strategies for outreach 
to communities as well as for recruitment 
and retention of study participants, which 
would have been difficult without a back-
ground of community support.

 5 Social mobilization coordinators facilitated 
entry and acceptance into targeted com-
munities by engaging influential, trusted 
local community and national stakehold-
ers. In the absence of a formal stakeholder 
advisory mechanism, such as a community 
advisory board, the social mobilization 
coordinators were the primary liaison 
between the PREVAIL research team and 
the community. Through high-level advo-
cacy meetings with stakeholders and com-
munity engagement events, the social 
mobilization coordinators ensured that 
community members and potential study 
participants were well informed about the 
purpose and details of the clinical trial and 
received ongoing information on new find-

ings and other relevant updates. They also 
provided the PREVAIL researchers and 
leadership team with feedback and con-
cerns about the research from the commu-
nity members and study participants. They 
must be excellent communicators and 
well-received by community members.

In the DRC, the overall human resources 
strategy included operational management 
staff  as well as a plan for recruiting and hiring 
dedicated on-the-ground clinical research site, 
laboratory, pharmacy, and other protocol- 
associated staff. The staff  performed activities 
such as the safe and efficient preparation and 
administration of therapeutics, sample collec-
tion and transport, data entry and quality 
control activities, safety reporting, and regula-
tory support. In addition, the subcontractor 
hired a management team that included clini-
cal, data management, logistical, operations, 
administrative, and financial expertise.

The human resources requirements for the 
PALM trial in the DRC included the follow-
ing:

 5 Executive committee
 – Chair
 – Deputy chair
 – Members (4)

 5 Program operations
 – Operations manager
 – Clinical coordinator
 – Training coordinator
 – Finance
 – Supply logistician
 – Human resources (HR)/regulatory sup-

port
 – Administrative assistants (2)
 – Driver

 5 Laboratory
 – Lab coordinator
 – Lab supervisor
 – Research lab support (2)
 – Research lab data

 5 Data and information
 – Data manager
 – Data manager assistant/data entry 

supervisor
 – Data assistants (2)
 – Information technology (IT) manager
 – IT assistant
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 5 Pharmacy and pharmacovigilance (PV)
 – Pharmacy/PV coordinator
 – Safety physicians (4)
 – Pharmacists (2)
 – Assistant pharmacy supervisors (2)

 5 Social mobilization and communication
 – Communications officers (3)
 – Psychosocial counselors (2)
 – Participant trackers (6)

 5 Site development and management
 – Site PIs (2)
 – Assistant clinical research associates (3)
 – Pediatrician (1)
 – Clinicians (7)
 – Study nurses (4)

 5 Subcontractor field office
 – Country operations manager
 – Chief accountant
 – Accountants (2)
 – Payroll assistant
 – Human resource manager
 – Administrative assistant
 – Procurement/inventory control officer
 – Travel counselor
 – IT specialist
 – Logistician/fleet officer
 – Project coordinator assistant
 – Finance clerk
 – HR clerk
 – Facilities manager
 – Site administration assistant

 5 The Mitchell Group (TMG) home office 
staff

 – Project director
 – Clinical project manager
 – Program manager
 – Program associate/travel counselor
 – Financial management specialist

The position descriptions were similar to 
those described for the Liberian team.

3.3  Recruitment, Interview, 
and Selection

In responding to an emergency outbreak situ-
ation, one must consider the source(s) for 
staff, as well as recruiting and hiring. In a 
government-to-government relationship, both 
governments will generally provide and help 
to recruit human resources. Contract support 
is also a source to supplement existing staff-
ing. Early determination of requirements and 
recruitment methods is advised since there 
may be other outbreak response and clinical 
research organizations vying for a very limited 
pool of skilled personnel. Terms of reference 
for both clinical and nonclinical positions 
should also be quickly developed to illustrate 
the scope of work needed for the effort. 
Advertising should be considered and pro-
cesses for interviewing and hiring should 
begin early. A graphic for this process 
(. Fig. 1) is shown below. Establishing terms 

.       Fig. 1 Hiring process: planning, employee sourcing, recruiting, hiring, and onboarding. (Beth Baseler, author)
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within the contract for participation in the 
interview and selection process is an impor-
tant consideration.

3.4  Human Resources Contracting

Staffing in Liberia was handled by a subcon-
tractor, hired by a prime contractor to the 
U.S. government to assist with local staff  hir-
ing and payroll management. This worked 
well because the subcontractor had both a 
U.S. and host country presence and was famil-
iar with both federal acquisition regulations 
and host country labor laws.

In the DRC, there was an initial 2-month 
period during which the team relied on an 
existing subcontract for IT, logistics, opera-
tions, and clinical support. During that 
period, a higher-tier subcontract was executed 
for similar support, after which the original 
contractor’s staff  shifted to Ebola treatment 
unit support in the field rather than central 
support in Kinshasa. The new subcontractor 
performed a staffing needs assessment and 
implemented a strategy that included opera-
tional management as well as a plan for 
recruiting and hiring dedicated on-the-ground 
clinical research site, laboratory, pharmacy, 
and other protocol-associated staff.

3.4.1  Using an Established Legal 
Entity for Employment 
of Local Staff

In many low-income nations, the bulk of eco-
nomic activity takes place in a “gray,” unregis-
tered zone, but it is prudent—and usually a 
legal requirement—for foreign partners to 
have an authorized way of operating. In 
Liberia, Most businesses are not formal legal 
entities but working with an established entity 
licensed to do business, such as a clinical-
research organization (CRO), non-govern-
mental organization (NGO), temporary 
manpower agency, or academic institution 
facilitates compliance with the local rules. In 
this arrangement, the licensed business in the 
host country is the employer of record; is 
licensed, registered, and insured to employ 
and pay staff; and administers all local 
employment procedures, including contracts, 

payroll, tax withholdings, and other require-
ments. Direct employment of local staff  
requires a thorough understanding of busi-
ness, regulatory, and legal requirements, and 
most often it makes sense to delegate it to an 
entity registered and permitted to conduct 
business in the country where the study is 
implemented. The benefits of engaging a local 
subcontractor include the following:

 5 Quick and effective deployment/engage-
ment of staff

 5 Established salary scales
 5 Legal responsibility for complying with all 

U.S. and host country local laws and rele-
vant national regulations as well as donor/
sponsor policies

 5 Historical knowledge and relationships 
that facilitate rapid implementation of 
requirements

 5 Existing knowledge of cultural sensitivi-
ties, business operations, and logistics

 5 Established trust and good will
 5 Existing partnerships with stakeholders 

and institutions
 5 Established communication channels

It may take 3–6  weeks to contract with an 
entity licensed to do business within the host 
country. It is helpful to identify reputable 
organizations that conduct business in areas 
with high potential for infectious disease out-
breaks. Ascertaining options for contract and 
acquisitions processes for specific combina-
tions of funding, operating, and local part-
ners and awarding contracts beforehand 
insofar as possible can accelerate response 
once an emergency starts. Firms with “peace-
time” experience in a particular operating 
environment will cope much better in an 
emergency than newcomers.

3.4.2  Contracts
Developing and executing staff  contracts dur-
ing an infectious disease outbreak must be 
flexible, time sensitive, and fair. Without 
appropriate preparation and due attention, 
contracting can seriously delay clinical trials. 
Templates for terms of reference, job specifi-
cations, contracts, checklists, onboarding 
tools, etc. should be developed beforehand 
(Lang 2015; Lang and Siribaddana 2012). 

1081
42 Locally Hired Staff for Clinical Research Sites in Low-Resource Settings



 

Developing and sharing these tools and tem-
plates is a vital preparedness measure. Time 
spent explaining contracts and adjusting to 
local needs is not time wasted, though: “The 
basis for a good collaboration should be trust 
and openness. A well-negotiated contract will 
ensure that all partners achieve a fair share of 
both the benefits and the costs. It is worth 
spending time on, and will help to ensure min-
imization of problems in project execution 
further on” (Edwards et al. 2014).

With donor-funded activities, the opera-
tions leaders in the partnership must also have 
or obtain a thorough understanding of donor 
regulations and comply with both local and 
donor-country laws and regulations. For proj-
ects funded by the U.S. government, directly 
or indirectly, there are detailed rules on cost 
principles, administration, and audit stan-
dards. Other countries, NGOs, foundations, 
and academia have similar guidance for inter-
nationally funded clinical research projects.

An alternative to contracting with an 
authorized legal entity in the host country is 
to employ a staffing agency to directly employ 
personnel and manage human resource func-
tions. Hiring firms, such as CROs, labor bro-
kers, or staffing agencies, can be helpful in 
identifying and hiring local staff. A drawback 
to utilizing a staffing agency is the cost (an 
agency’s fee can be upward of 50% of the 
employee’s annual salary). Due diligence is 
required prior to using staffing agencies as 

there are many different methods of negotiat-
ing and charging fees. How much and on what 
basis an employment agency may charge can 
depend on a variety of factors, such as the dif-
ficulty of the placement, the industry, the 
position, and market conditions. The need for 
early planning once again is paramount.

If  the partnership is expected to continue 
over a longer term, a potential option is to 
establish a legal business entity in the host 
country. However, this may take too long to 
meet immediate needs during a rapid response 
and may require substantial initial outlays.

4  Clinical Trial Training During 
Emergency Response

The time is urgent, the stakes are high, and the 
atmosphere is tense, but fundamental deci-
sions on resources and the way ahead to 
implement a safe, high-quality clinical trial 
remain. After the research team has identified 
the study staff, it is imperative that they ensure 
the protocol is carried out punctiliously, that 
participants are safe, and that data are of high 
quality and acceptable to data safety and 
monitoring reviewers and regulators.

Clinical protocol training (. Fig.  2) is 
vital (Lescano et al. 2019; Sam-Agudu et al. 
2016). There are multiple levels and method-
ologies of training. Before assigning staff  
members to training, it is essential to assess 

.       Fig. 2 Classroom 
training for the PRE-
VAIL study in Liberia. 
(Photo: Beth Baseler)
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them, including their clinical background, 
experience, skills, and motivation. The time 
available to make these observations is lim-
ited, so one starts by specifying training goals 
and tailoring the training to the individuals 
involved, setting up a feedback loop to learn 
what works best for individuals with varying 
levels of education and experience. Training 
takes the cultural background and the indi-
vidual learner into account; flexibility and 
mutual exchange allow for growth and change 
and help build productive, respectful interac-
tions. As the trainee learns about clinical 
research, the trainer learns about the physical 
and cultural environment in which the clinical 
trials will take place. Training practices should 
thus align with the ethical principle of respect 
for persons, and the GPP principle of mutual 
understanding, where partners, respectively, 
build competencies in sociocultural issues and 
research processes (UNAIDS/AVAC 2011).

4.1  Timing

It is important not to conduct training too far 
in advance of when it will be applied, or the 
recipient will not be able to properly connect 
what is learned in the classroom to what hap-
pens in practice. Working backward from an 
anticipated, realistic start date is a good way to 
determine the training date, generally to begin 
no more than 2 weeks before the start of the 
study. This timeframe is reasonable for retain-
ing material (memory) and allows for reading 
of pertinent material and practice of proce-
dures before the study is to begin. Another 
important planning point is to ensure that 
study staff who will attend training have com-
pleted the appropriate contract and onboard-
ing steps before training if  possible. If  staff  
agree to attend the training but have not for-
mally been hired, it may be difficult or impos-
sible to pay them for their time retroactively.

4.2  Fundamentals

All study staff  need to understand the funda-
mental rationale of a study during an emer-
gency—the requirement for expeditious 

implementation, the importance of partici-
pant and staff  safety, and the indispensability 
of high-quality data. The urgency of an out-
break requires concentrated and immediate 
didactic training, yet training is an ongoing, 
interactive process, with multiple clinical 
research SMEs assisting the study staff  
through the duration of the program. It is also 
important for trainers to be flexible in adapt-
ing training to different environments. The 
opening slide for a PREVAIL training 
(. Fig. 3) is captured below.

4.3  Training Methods

The level and type of training needed was dif-
ferent for various staff  positions and research 
settings, yet all the training relied to a great 
extent on four basic concepts of medical 
training:
 1. Didactic teaching using traditional lecture 

methods to provide information to stu-
dents.

 2. Buddy system, in which two students work 
together to advance their understanding 
under the guidance of a trainer.

 3. Train-the-trainer: training focused not 
only on subject matter but teaching the 
trainee to train others.

 4. Simulation, interactive exercise, and even-
tually carrying out actual tasks under 
guidance.

Didactic learning methods (. Fig.  4) build 
on students’ existing baseline knowledge while 

.       Fig. 3 Introductory training slide. (Courtesy 
 PREVAIL)
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.       Fig. 4 Informed consent 
training slide. (Courtesy 
PREVAIL)

conveying new information. Baseline knowl-
edge is the starting point in a lesson plan, 
where a student needs to attain a certain mini-
mal level of knowledge before engaging in 
more interactive forms of learning. A teacher 
or educator functions in this role as an author-
itative figure but also as a guide and resource 
for students (Austin 2013).

Didactic training will not serve its purpose 
without more robust dialectical training. 
Didactic training should lead to interactive 
training, allowing for dialog. With open dia-
log, it can be more difficult to maintain a 
schedule, but it develops trust and mutual 
understanding. In diverse research settings, 
advice and feedback from locally based SMEs 
and program leadership are essential.

4.4  Training Topics

Identify knowledge gaps in key areas and 
address them.

In cases where collaborating partners have 
little or no experience with the terminology 
and regulatory requirements of clinical 
research, the following topics are essential 
training topics:
 1. Overview of the study
 2. Purpose of conducting this study in this 

setting
 3. Study design
 4. Primary study objective

 5. Enrollment criteria
 6. Sample size
 7. International Conference on 

Harmonisation (ICH), good clinical 
practice guidelines

 8. Informed consent process
 9. Laboratory procedures, including clinical 

and research procedures, good laboratory 
practice guidelines

 10. Data management methods
 11. Adverse/serious adverse event reporting
 12. Quality assurance/quality control proce-

dures
 13. Study monitoring—safety and site moni-

toring

4.5  Dry Runs or Simulations

After leaving the classroom, it is hardly rea-
sonable to go straight to implementing the 
protocol, enrolling study participants, and 
collecting data. The next training phase, an 
interactive exercise conducted according to 
how the study was to be performed at each 
site, came to be termed “dry runs” in Liberia 
and “simulations” in the DRC (. Fig. 5).

Simulations are designed so each staff  
member becomes well-versed in the duties of 
a particular study station with a certain study 
procedure, allowing inexperienced staff  to 
become proficient in one task to start with, 
thus decreasing the risk of jeopardizing the 
safety of the participant or the quality of the 
data collected at that point in the process. 
They serve as study procedure practice; iden-
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Flow-1

Triage

•        Infrared temperature

•        Verify scheduled visit by using participant ID Card.
•        Triage all participants regardless of visit before attending their
          visit
•        Measure the participant body temperature using an infrared
          thermometer of normal, a number is assigned the participant.

•       Provide information about the amended protocol and the
         rationale 
•       for the vaccination
•       Encourage participants to ask questions about the study

•       Get responses from the participants from the information
         session with the study sta�.
•       Discuss the protocol/consent
•       Perform Assessment of Understanding
•       Ensure participant properly Signs the inform Consent Forms

•       Age, gender, occupation

•     Body temperature
•     weight,
•     Body system examination
•     targeted signs and symptoms

Urine pregnancy test

•       Location of home, participant contact information, 2 alternate
         contacts

Greeter

If elevated temp, provide
referral to Redemption

Note:   Depending who gives IC
participant could remain for baseline
data collection or move to next station

If pregnant, then ineligible

Informed Consent-individual space or room

Baseline data collection

Clinical evaluation
Perform:

Ver�y participant data

•        Check schedule listing to verify visit
•        Give participant number base on the time he/she arrive at
          the site

PREVAIL Vaccine Study
Participant Flow

.       Fig. 5 Flowchart for a practice run. (Courtesy PREVAIL)

tify unclear protocol areas, inefficiencies, or 
missteps in the procedures; provide a realistic 
estimate of the time it would take a partici-
pant to go through a study; and inculcate 
attention to detail in quality control/quality 

assurance (QA/QC) of the data collected. The 
time that staff  members spent in-country was 
dependent on the available resources and the 
study needs. Some people stayed more than 
3 weeks, depending on their roles.
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4.6  Train-the-Trainer

The train-the-trainer model is widespread in 
both development assistance and medical 
response (Atindehou et al. 2019; Tobin et al. 
2020). In PREVAIL, this method was used 
when both the Liberian and U.S. staff  agreed 
it was time for training to progress to a new 
level, with more in-country trainers rather 
than foreign staff. This was not an abrupt or 
complete transition but one that occurred as 
development of local skills allowed.

In the DRC, by contrast, the train-the- 
trainer model was needed at program outset 
in October 2018 because of U.S. government 
restrictions on employees traveling to the out-
break area where the research protocol was 
being implemented, since it was designated a 
conflict zone (7 In Practice 17.1 and 23.1). 
The northeastern region’s longstanding disaf-
fection from the DRC government in the capi-
tal city of Kinshasa was evident not only in 
popular mistrust but in the presence of armed 
rebel groups. It had been exacerbated by the 
EVD outbreak, rumors EVD was imported as 
a moneymaking scheme, and then postpone-
ment of national elections in the northeast 
region (Kraemer et  al. 2020; Nguyen 2019). 
Initial train-the-trainer sessions had to be 
conducted in Kinshasa. The primary partici-
pants in the training were staff  from the lead-
ing DRC collaborating organization: members 
of the Institut National de Recherche 
Biomédicale (INRB), the national medical 
research institute of the DRC. The in-country 
trainers were provided comprehensive infor-
mation in the form of PowerPoint presenta-
tions and standard operating procedures.

The train-the-trainer model in these set-
tings is practical and effective. The key train-
ers in this case were the staff  administering 
the medications, pharmacy, laboratory and 
data management personnel, and social mobi-
lization and community engagement (SMC) 
staff  and psychosocial counselors. The train-
ing sessions were documented in the form of 
standard sign-in sheets and logs, to provide 
evidence of compliance with training require-
ments for regulators. The training team also 
became proficient in responding to questions 
they could not answer immediately by obtain-

ing responses from SMEs and relaying them 
to the study team members. This allowed for 
recordings of important supplementary infor-
mation for future use.

As mobile telephony and Internet service 
become readily available, virtual meetings are 
becoming an option in even very remote loca-
tions, and videoconferencing has taken a key 
role in research development, implementa-
tion, training, and closeouts.

5  Conclusions

Skillful human resource management, though 
not a prominent topic in the clinical research 
literature, was critical to the successful clinical 
research response to the public health emer-
gencies created by the Ebola outbreaks in 
West Africa and the DRC.  The human 
resource management challenges faced by the 
NIAID Division of Clinical Research in 
emergency clinical research response were not 
always easy to resolve, but they became 
opportunities to devise and implement solu-
tions that worked in those settings. It is very 
likely that emergency research responders will 
face similar challenges, even in quite distinct 
situations. The authors hope that lessons 
learned from the Ebola experience can help 
establish an adaptable framework for future 
emergency response. A number of general 
precepts are globally applicable and especially 
worth remembering: (1) be committed and 
fair to all partners, (2) listen to input from all 
partners and staff  members, (3) maintain 
openness to new approaches, (4) move quickly 
to implement solutions, and (5) quickly reject 
or adapt approaches that do not work.

? Discussion Questions
 1. Initiating and implementing a robust 

human resource management plan is 
vital to identifying, recruiting, retaining, 
training, and motivating staff  members 
for an effective and productive work-
force aligned with the strategic priorities 
of  a program.
 (a) List and discuss minimum require-

ments for a human resource man-
agement plan.
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 (b) Discuss the importance of  team 
communication, collaboration, 
partnership, and mutual respect 
when hiring and managing staff.

 2. Please review 7 Sect. 3.2, which empha-
sizes that personnel who have specific 
training and competencies are needed to 
achieve a high standard of  design, man-
agement, and operational execution of  a 
clinical study in diverse and challenging 
conditions.
 (a) Discuss the roles of  several staff  

positions for PREVAIL’s Ebola vac-
cine study, emphasizing the adaptive 
approach used to conduct research 
in a clinical research-naïve setting 
with shortcomings in basic staffing 
infrastructure.

 (b) Discuss the value of  the communi-
cations and social mobilization 
team across the spectrum of  a 
research study, including the 
research team, members of  the 
media, and community members 
and potential study participants.

 (c) Given that naming conventions for 
staff  positions with the same roles 
and responsibilities are not always 
uniform, discuss how you would 
come to agreement on staff  titles.

 3. Discuss staff  recruitment, interview, and 
selection when vying for a limited pool 
of  skilled personnel during an emer-
gency outbreak situation. What are 
some benefits of  engaging a local sub-
contractor?

 4. Discuss the fundamental principles or 
major factors (e.g., adaptability, flexibil-
ity, creativity) to consider when con-
ducting clinical trials in response to 
emerging infectious disease outbreaks, 
particularly in challenging and resource- 
limited settings.

 5. To ensure that the protocol is carried 
out punctiliously, participants are safe, 
and data are of  high quality and accept-
able to data safety and monitoring 
reviewers and regulators, clinical proto-
col training is vital for study staff.

 (a) Discuss some fundamental aspects 
and methods of  this training during 
an emergency response.

 (b) When collaborating partners have 
little or no experience with the ter-
minology and regulatory require-
ments of  clinical research, what 
training topics are essential?

 (c) Describe how a practice run may 
proceed so that each staff  member 
becomes well-versed in the duties of 
a particular study station.

 (d) How can you continue training staff  
if  the U.S. government places 
restrictions on employees traveling 
to an outbreak area where the 
research protocol is being imple-
mented in a conflict zone?
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