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1. Introduction

Frank Stadler

The introductory chapter outlines the global wound burden,
explains the basics of maggot therapy, and scopes the content
covered by the subsequent 18 chapters. Maggot therapy is the
treatment of chronic and infected wounds with living fly larvae
commonly known as maggots. When applied to the wound,
maggots remove dead tissue, control infection, and promote
wound healing. This highly efficacious therapy is not widely
available around the world due to actual and perceived social,
organisational, economic, logistic, and clinical barriers—all of
which can be overcome. This is the first comprehensive book
on maggot therapy summarising, beyond clinical practice, the
principles of therapeutic action, medicinal maggot production
and distribution, and ethical considerations regarding the use
of living maggots in wound care. The chapter concludes with
reflections on the past, present, and future of maggot therapy.

Maggot Therapy and the Global Wound Burden

There is a large and mostly unmet global need for affordable and
efficacious wound care, despite modern-day medicine advancing at
break-neck speed. Indeed, the tide of chronic wounds is rising. Modern
lifestyle changes, particularly in low- and middle-income countries
(LMICs), bring a rapid rise in non-communicable disease including
cardiovascular disease, obesity, and diabetes, with the latter leading to
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diabetic ulcers at a lifetime incidence of up to 25% [1]. The cities and
urban centres in fast-growing parts of the world are also struggling with
ever-increasing motorisation and poor road safety standards while local
healthcare systems in many LMICs are ill-prepared for the high traffic
accident and injury burden [2, 3]. Likewise, due to population growth
and urbanisation in disaster prone regions, the number of people
exposed to disaster risk and related injuries is also growing. Where there
is conflict there is also injury. Due to changes in the nature of warfare
there are now far more casualties among the civilian population than
among fighting soldiers [4]. People in such conflict zones and complex
humanitarian crises are often isolated and are unable to properly care
for the many injured due to limited resources. Acute traumatic war
injuries therefore lead to infected chronic wounds and ultimately a high
burden of amputation and death. To make matters worse, antibiotic-
resistant strains of bacteria are highly prevalent in conflict and LMIC
environments due to their mis- and overuse in human and veterinary
medicine [5, 6].

Irrespective of the healthcare setting patients find themselves in,
chronic wounds make life difficult and people living with chronic
wounds struggle on a daily basis with social stigma, isolation, poor self-
image, depression, and high treatment costs as explained by Ogrin and
Elders in Chapter 1 [7].

With this growing wound burden and its social and socio-economic
impact in mind, there is now the need for therapies that provide
multiple wound care benefits and accessible, affordable, and effective
wound care, regardless of where patients live or how wealthy they are.
Contemporary care of acute and chronic wounds as it is practised in
resource-rich countries relies heavily on the availability of efficacious
antibiotics, sophisticated devices, surgical intervention, and advanced
wound dressings. However, in compromised healthcare settings there
is often limited or no access to these resources and associated basic
consumables, which means that wound care options that are relatively
cheap, easy to use, and have multiple therapeutic benefits are required.
One such treatment modality is maggot therapy. It is the deliberate
therapeutic application of living fly larvae (maggots) to remove dead
tissue, control infection, and promote wound healing.
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All three therapeutic properties are primarily related to the
maggots’ ecology and evolutionary history as evident in their
nutritional preferences, digestive physiology, and immunology [8].
Medicinal maggots consume dead or devitalised animal tissue and
wound fluids. Unlike beetle larvae, for example, maggots do not have
mouthparts capable of cutting or biting pieces of solid food. While some
food manipulation is achieved with a pair of mouth hooks, maggots
need to liquefy their food outside their own body before ingesting
this nutrient-rich broth [9]. In order to thrive in a microbe-laden
environment of decomposing meat, maggots have also evolved ways
to protect themselves from their microbe neighbours [10]. Maggots
consume and digest many microbes that are suspended in the liquefied
necrotic tissue, and their enzymatic excretions and secretions contain
powerful antimicrobial compounds. Finally, maggots have a scrambling
feeding habit and constantly probe with their two mouth hooks. This
disrupts and prevents microbial communities from forming biofilms
that stimy wound healing and evade the immune system and antibiotic
treatment. The maggot excretions and secretions also contain growth
factors that stimulate the regeneration of blood vessels and the growth
of granulation tissue, thus supporting the wound healing process [11].
These principles of maggot-assisted wound healing are under active
investigation by numerous research groups and their efficacy has been
confirmed both at the bedside and in vitro.

Maggot Therapy

The human body is fragile and therefore wounds, acute and chronic,
have always been part of the human condition since time immemorial.
Likewise, flies have evolved to exploit during larval development the
ephemeral cadavers and wounds of living animals (humans included),
as Michelle Harvey explains in Chapter 7 [8]. So, it must come as no
surprise that people through the ages have also noted the beneficial
therapeutic effect maggots can have when they colonise a human wound.
It is then only a small step to purposely utilise myiasis for wound care in
traditional and tribal medicine as practiced by the Aboriginal Ngemba
people in Australia, and the Mayan Indians in South America [12, 13],
for example.
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Nowhere is human fragility more apparent than on the battlefield
where soldiers suffer terrible injury and subsequent infections. There,
too, flies have been noted for their wound healing and infection control
properties. Recorded accounts date back to the Battle of St Quentin in
1557 and other campaigns thereafter, including the Napoleonic Wars
and the American Civil War [14]. However, it was not until after World
War I that maggot therapy was formally investigated and introduced to
modern medicine. William S. Baer, an orthopaedic surgeon, experienced
first-hand the therapeutic benefits of maggots during the Great War.
Upon returning to peace-time practice at Johns Hopkins Hospital in
Baltimore, U.S.A., he revisited his war experience and commenced the
first scientific and clinical studies on maggots and their use in wound
therapy, in the first instance for the treatment of osteomyelitis [15]. His
work spread like wildfire across North America and Europe, with over
a thousand hospitals using maggot therapy to treat chronic wounds in
the 1930s and early 1940s [16].

The rapid rise of maggot therapy was followed by an equally rapid
decline in the 1940s with the advent of penicillin and other antimicrobials
to treat wound infection. However, an increasing chronic wound burden,
coupled with the emergence of antibiotic-resistant microorganisms, has
resulted in a revival of maggot therapy in research and clinical practice
over the past three decades. For a more comprehensive history of
maggot therapy, please refer to a couple of early papers by Sherman and
Pechter [14, 17] and two articles by Kruglikova and Whitaker, and their
colleagues [18, 19].

In modern maggot therapy, as established by Baer [15], medicinal
flies are reared in insectaries, and medicinal maggots are prepared
aseptically under laboratory conditions with quality control procedures
in place [20]. These days, maggot therapy is most commonly carried out
with the medicinal fly species Lucilia sericata and, to a lesser degree, L.
cuprina [21], but other species are actively being investigated for their
therapeutic and commercial potential [22]. Disinfected maggots are
placed on the wound either directly or enclosed in a mesh bag [23].
Most wounds treated with maggot therapy are chronic wounds such
as diabetic ulcers, but acute wounds requiring debridement, such as
infected traumatic and post-surgical wounds or burns, also respond
well to maggot therapy [24, 25].
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Why a Book on Maggot Therapy?

Although three or so decades have passed since maggot therapy was
rediscovered and re-introduced to mainstream clinical practice, there
are many barriers still standing in the way of widespread uptake of
maggot therapy in modern and compromised healthcare settings
alike. Unfortunately, maggot therapy is still not widely understood as
a viable alternative to conventional wound care and therefore much
underutilised. Many hospital administrators, physicians, nurses, and
allied health practitioners still reject maggot therapy due to unfamiliarity,
mistrust, or repulsion. There are also regulatory barriers in ministries of
health which are made worse by a lack of international harmonisation
of maggot therapy and medicinal maggot production regulations. Each
jurisdiction repeats lengthy and costly regulatory processes that are
blocking implementation, as is evident in the case of Kenya, presented in
Chapter 15 of this book [26]. On a practical level, maggot therapy places
specific demands on the supply chain with respect to rapid delivery and
cool chain requirements, which is particularly the case in low-resource,
compromised healthcare settings. [27].

This book fills the information vacuum, and importantly, it makes
the current state of knowledge freely accessible to anyone with an
Internet connection. It is the first book to provide sound, evidence-
based information beyond the much-discussed therapeutic actions and
clinical practice. Particular attention has been paid to the challenges
encountered in compromised and low-resource healthcare settings such
as disasters, conflict, and poverty. Patients in such settings will benefit
greatly from affordable, efficacious, and sustainable maggot therapy.
This book is as much a practical guide as a summary of the current state
of knowledge in the field. The content has been carefully chosen to build
global capacity for maggot debridement therapy services including
production, distribution, and treatment.

Content

The next 18 chapters are organised into five parts beginning with Part 1,
on the clinical aspects of maggot therapy. The behavioural, physiological,
biochemical, and immunological principles of medicinal maggots that
bring about debridement, infection control, and wound healing are
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presented in Part 2. The following three parts are new to the maggot
therapy literature as they provide best-practice guidance on medicinal
maggot production (Part 3), on medicinal maggot distribution logistics
(Part 4), and on the ethics of maggot therapy (Part 5).

Part 1. It is important that we start with the patient. In Chapter 2,
Rajna Ogrin and Kylie Elders [7] explain how chronic wounds have
a large impact on patients’ psycho-social wellbeing. They closely
examine what it means to live with a chronic wound. Only if the needs
and characteristics of patients and their social environment have been
fully appreciated, can medical interventions like maggot therapy be
developed and implemented with minimal harm and maximum benefit
to the patient. What many clinicians don't realise is that maggot therapy
is very versatile and can be used to treat almost any chronic wound.
In Chapter 3, Ron Sherman and I [25] present the aetiologies and
wound types amenable to maggot therapy. Of course, it is necessary
to carefully consider whether patients and their wounds are suitable
for maggot therapy. In Chapter 4, Ron [24] develops a typology of
factors influencing treatment decisions and explains the recommended
indications, contraindications, side-effects, and any interactions between
maggot therapy and other treatments or patient behaviour. Practitioners
new to maggot therapy will be particularly interested in learning how
to apply medicinal maggots to the wound. Ron [23] introduces maggot
confinement and containment approaches in Chapter 5 and explains
how these dressings are constructed and applied to the wound.

While this clinical knowledge is essential for successful maggot
therapy, the biggest hurdle for biotherapists wanting to use maggot
therapy is the introduction and integration of the therapy into the
healthcare system. To that end, Benjamin L. Bullen, Ronald A. Sherman,
Paul J. Chadwick and Frank Stadler [28] explore in Chapter 6 the
complexities of such an undertaking and provide guidance on how
clinical integration of a maggot therapy programme is best achieved.

Part 2. It is widely acknowledged that medicinal maggots do more
than just debride the wound. The second part of this book is concerned
with the therapeutic properties of medicinal maggots in the wound.
It makes sense to begin this exploration with the natural history of
medicinal flies. In Chapter 7, Michelle Harvey [ 8] scopes the evolutionary
history and taxonomic intricacies of calliphorid flies, to which medicinal
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and many forensically important fly species belong. Michelle reveals
how the therapeutic benefits of medicinal maggots can be traced back
to the evolutionary history, life history, and ecology of calliphorid flies.
The next three chapters by Yamni Nigam and Michael Wilson provide
excellent up-to-date reviews of the therapeutic actions of medicinal
maggots [9-11]. Chapter 8 is concerned with the outstanding ability of
medicinal maggots to remove dead tissue from chronic wounds, Chapter
9 summarises what is known about the antimicrobial properties of
medicinal maggots, and Chapter 10 explains our current understanding
of how medicinal maggots support and encourage wound healing.

While most maggot therapy around the world is currently conducted
with L. sericata and L. cuprina blowflies, a wide range of other species
have also been used for wound care, with varying degrees of clinical
evidence supporting their use [21]. With countless potential species
to choose from around the world, it is important to have protocols in
place for the bioprospecting and testing of new medicinal fly species to
ensure their therapeutic efficacy and safety before they can be approved
by regulators and used in wound care. In Chapter 11, Patricia Thyssen
and colleagues [22] provide a step-by-step guide to the selection and
testing of new medicinal fly species, drawing on their own extensive
experience in this field.

Part 3. There are only a few publications fully dedicated to the
rearing of maggots for medicinal purposes. The earliest papers on the
subject are by the fathers of modern maggot therapy, William S. Baer [15]
and Duncan C. McKeever [29]. Subsequent publications on medicinal
maggot production lean heavily on these seminal works, and mainly
offer methodological improvements (e.g. the refinement of rearing
techniques) rather than radical changes [27]. The four chapters in Part
3 provide comprehensive guidance on practical aspects of medicinal
maggot production. In Chapter 12, I [30] identify the infrastructure and
equipment requirements for medicinal fly insectaries and medicinal
maggot laboratories. When it comes to sourcing medicinal flies for the
establishment of safe maggot therapy programmes, practitioners may
need to collect their own stock from the wild especially in situations
where they do not have access to research or medical colonies. Nathan
Butterworth and colleagues [21] explain in Chapter 13 how to best
collect medical fly species, how to select and identify known safe species
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in each of the major zoogeographic regions of the world, and how to
set up a breeding colony for sustainable medicinal maggot production.
Although the literature on myiasis involving fly species that specialise
exclusively in the consumption of necrotic tissue points clearly to the
unintended therapeutic benefits of such infestations [31], it is absolutely
necessary to produce maggots for clinical application under controlled
and hygienic conditions to avoid adverse treatment outcomes and to
inspire the confidence of regulators, health practitioners, and patients.
Peter Takac¢ and I [26] outline in Chapter 14 how to maintain fly colonies
in the production insectary and how to produce safe and quality-
controlled medicinal maggots for wound treatment. Readers who want
to start a maggot therapy programme will find Chapter 15 instructive.
Peter and colleagues [26] report on their achievements and challenges
encountered when establishing a medicinal maggot production facility
and a maggot therapy programme in Kenya.

Part 4. The renaissance in maggot therapy over the past twenty
years or so has largely taken place in developed countries with excellent
logistics infrastructure such as in western Europe, North America
and elsewhere. It appears that the lack of maggot therapy in truly
compromised healthcare settings is, apart from social factors, largely
brought about by supply-chain management challenges. Indeed, the
literature on distribution logistics for medicinal maggots and freight
packaging is sparse to non-existent, especially when contemplating
distribution under extreme climatic conditions [27]. Therefore, Chapters
16 to 18 are concerned with packaging technology, distribution logistics,
and innovative forms of transport. In Chapter 16,1[32] provide guidance
on how medicinal maggots ought to be packaged to satisfy regulatory
requirements and to ensure safe distribution of highly perishable
maggots under unfavourable environmental conditions. Viability
of any medicinal maggot production programme is dependent on a
sufficiently large market which needs to be reached quickly considering
the perishability of medicinal maggots. In Chapter 17, I [33] explain the
basics of efficient medicinal maggot distribution systems. With rapid
advances in the use of unmanned aerial vehicles (drones) in disaster and
development, Peter Tatham and I [34] believe that there is great scope
to utilise drones for last-mile delivery of medicinal maggots. Chapter
18 describes the various types of drones, how they may be employed,
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and what to consider when establishing a distribution partnership with
drone operators.

Part 5. While Rajna Ogrin and Kylie Elders [7] begin our complete
guide to maggot therapy with a patient’s chronic wound journey, the
book closes with Chapter 19 where I [35] summarise, for the first time,
the ethical dimensions of maggot-assisted wound care from a biomedical
and animal ethics point of view. To judge by the animal rights movement
and the conscious purchasing choices consumers increasingly make, it
is certain that the long-term sustainability and social licence of whole-
organism maggot therapy will depend on how producers and health
care practitioners treat medicinal flies at all life stages, and their ethical
engagement with patients.

Past, Present, and Future

This book was conceived during my research on the supply-chain
management for maggot therapy in compromised healthcare settings
[36]. It struck me that after almost a hundred years of clinical practice,
there was no comprehensive guide on maggot therapy that included
guidance on the production of medicinal maggots and maggot therapy
supply-chain management. The information that has been published
over the years on issues relating to maggot therapy is highly dispersed
across a large body of literature and held mostly behind journal paywalls
[27]. Consequently, there was a need to both synthesise the literature
and make this knowledge accessible to the widest possible readership,
including those caring for patients with wounds in low- and middle-
income countries, during disasters, and in wartime. It is in these settings
where I believe maggot therapy can benefit patients the most because,
as Yamni Nigam and Michael Wilson [9-11] explain, medicinal maggots
convey several therapeutic properties at once. Besides, maggot therapy
itself can be administered in the most austere care settings without
diminishing its efficacy.

This book would not have been possible without the contribution
of the many expert co-authors and reviewers who followed the highest
professional standards. The title of the book claims that it is a complete
guide to maggot therapy and related fields. Of course, completeness is
wishful thinking and the title has been chosen to tickle the curiosity of
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readers, but it also signals our aspiration. While scientific or technical
knowledge can never be complete, we must nevertheless strive toward
completeness. Indeed, there is much that will need to be added to this
book—perhaps in future editions. For example, there is recent research
published and in press that explores the sociological and psychological
dimensions of maggot therapy and builds on earlier work [e.g. 37, 38,
39]. It seeks to clarify what patients and healthcare practitioners really
think about maggot therapy, and how psychological barriers can be
overcome [40]. Would early education and sensitisation in schools
help to shift attitudes toward maggot therapy [41, 42]? With regard to
clinical performance, there has been a successful attempt to boost the
therapeutic benefit of medicinal maggots with genetic engineering
[43] and from the grey zone between whole-organism maggot therapy
and drug development, research is emerging that explores the use of
maggot-derived living macrophages for chronic wound care [44].

In conclusion, it is safe to say that the heydays for maggot therapy
and maggot-inspired biological therapeutics and drugs are still to come.
Meanwhile, this first edition of A Complete Guide to Maggot Therapy:
Clinical Practice, Therapeutic Principles, Production, Distribution, and Ethics
provides clinicians, medical entrepreneurs, health administrators,
regulators, supply-chain managers, and isolated communities in
compromised healthcare settings with the practical knowledge to treat
wounds with maggot therapy.

References

1. Singh, N., D.G. Armstrong, and B.A. Lipsky, Preventing Foot Ulcers in
Patients with Diabetes. JAMA, 2005. 293(2): pp. 217-228, https://doi.
org/10.1001/jama.293.2.217.

2. Nsereko, E. and P. Brysiewicz, Injury Surveillance in a Central Hospital in
Kigali, Rwanda. Journal of Emergency Nursing: JEN: Official Publication Of
The Emergency Department Nurses Association, 2010. 36(3): pp. 212-216,
https://doi.org/10.1016/j.jen.2009.07.020.

3. Wachira, B. and L.B.K. Martin, The State of Emergency Care in the Republic of
Kenya. African Journal of Emergency Medicine, 2011. 1(4): pp. 160-165,
https://doi.org/10.1016/j.afjem.2011.10.008.


https://doi.org/10.1001/jama.293.2.217
https://doi.org/10.1001/jama.293.2.217
https://doi.org/10.1016/j.jen.2009.07.020
https://doi.org/10.1016/j.afjem.2011.10.008

10.

11.

12.

13.

14.

15.

1. Introduction 11

Khorram-Manesh, A., et al., Estimating the Number of Civilian Casualties in
Modern Armed Conflicts—A Systematic Review. Frontiers in Public Health,
2021. 9: pp. 765261-765261, https:/ /doi.org/10.3389/fpubh.2021.765261.

Nadimpalli, M., et al., Combating Global Antibiotic Resistance: Emerging One
Health Concerns in Lower- and Middle-Income Countries. Clinical Infectious
Diseases, 2018. 66(6): pp. 963-969, https://doi.org/10.1093/cid /cix879.

Alga, A., etal., Infection with High Proportion of Multidrug-resistant Bacteria in
Conflict-related Injuries Is Associated with Poor Outcomes and Excess Resource
Consumption: A Cohort Study of Syrian Patients Treated in Jordan. BMC
Infectious Diseases, 2018. 18(1): pp. 233-233, https://doi.org/10.1186/
512879-018-3149-y.

Ogrin, R. and K. Elders, Living with a Chronic Wound, in A Complete Guide
to Maggot Therapy: Clinical Practice, Therapeutic Principles, Production,
Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book
Publishers, pp. 17-38, https://doi.org/10.11647/OBP.0300.02.

Harvey, M., The Natural History of Medicinal Flies, in A Complete Guide
to Maggot Therapy: Clinical Practice, Therapeutic Principles, Production,
Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book
Publishers, pp. 121-142, https://doi.org/10.11647 /OBP.0300.07.

Nigam, Y. and M.R. Wilson, Maggot Debridement, in A Complete Guide
to Maggot Therapy: Clinical Practice, Therapeutic Principles, Production,
Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book
Publishers, pp. 143-152, https://doi.org/10.11647 /OBP.0300.08.

Nigam, Y. and M.R. Wilson, The Antimicrobial Activity of Medicinal Maggots,
in A Complete Guide to Maggot Therapy: Clinical Practice, Therapeutic Principles,
Production, Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open
Book Publishers, pp. 153-174, https://doi.org/10.11647 /OBP.0300.09.

Nigam, Y. and M.R. Wilson, Maggot-assisted Wound Healing, in A Complete
Guide to Maggot Therapy: Clinical Practice, Therapeutic Principles, Production,
Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book
Publishers, pp. 175-194, https://doi.org/10.11647/OBP.0300.10.

Lee, D.J., Human Myiasis in Australia. Medical Journal of Australia, 1968.
1(17): pp. 741-741, https://doi.org/10.5694/j.1326-5377.1968.tb28850.x.

Weil, J.C., RJ. Simon, and W.R. Sweadner, A Biological, Bacteriological and
Clinical Study of Larval or Maggot Therapy in the Treatment of Acute and Chronic
Pyogenic Infections. American Journal of Surgery, 1933. 19: p. 36.

Pechter, E.A. and R.A. Sherman, Maggot Therapy: The Surgical Metamorphosis.
Plastic and Reconstructive Surgery, 1983. 72(4): pp. 567-570, https://doi.
org/10.1097/00006534-198310000-00032.

Baer, W.S., The Treatment of Chronic Osteomyelitis with the Maggot (Larva of
the Blow Fly). The Journal of Bone & Joint Surgery, 1931. 13(3): pp. 438-475,
https://doi.org/10.1007/s11999-010-1416-3.


https://doi.org/10.3389/fpubh.2021.765261
https://doi.org/10.1093/cid/cix879
https://doi.org/10.1186/s12879-018-3149-y
https://doi.org/10.1186/s12879-018-3149-y
https://doi.org/10.11647/OBP.0300.02
https://doi.org/10.11647/OBP.0300.07
https://doi.org/10.11647/OBP.0300.08
https://doi.org/10.11647/OBP.0300.09
https://doi.org/10.11647/OBP.0300.10
https://doi.org/10.5694/j.1326-5377.1968.tb28850.x
https://doi.org/10.1097/00006534-198310000-00032
https://doi.org/10.1097/00006534-198310000-00032
https://doi.org/10.1007/s11999-010-1416-3

12

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

A Complete Guide to Maggot Therapy

Robinson, W., Progress of Maggot Therapy in the United States and Canada in
the Treatment of Suppurative Diseases. American Journal of Surgery, 1935. 29:
pp- 67-71.

Sherman, R.A. and E.A. Pechter, Maggot Therapy: A Review of the Therapeutic
Applications of Fly Larvae in Human Medicine, Especially for Treating
Osteomyelitis. Medical and Veterinary Entomology, 1988. 2(3): pp. 225-230,
https://doi.org/10.1111/j.1365-2915.1988.tb00188.x.

Kruglikova, A.A. and S.I. Chernysh, Surgical Maggots and the History of Their
Medical Use. Entomological Review, 2013. 93(6): pp. 667674, https://doi.
org/10.1134/50013873813060018.

Whitaker, 1.S., et al.,, Larval Therapy from Antiquity fo the Present Day:
Mechanisms of Action, Clinical Applications and Future Potential. Postgraduate
Medical Journal, 2007. 83(980): pp. 409-413, https://doi.org/10.1136/
pgmj.2006.055905.

Stadler, F. and P. Takac¢, Medicinal Maggot Production, in A Complete Guide
to Maggot Therapy: Clinical Practice, Therapeutic Principles, Production,
Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book
Publishers, pp. 289-330, https://doi.org/10.11647/OBP.0300.14.

Stadler, F, et al., Fly Colony Establishment, in A Complete Guide to Maggot
Therapy: Clinical Practice, Therapeutic Principles, Production, Distribution,
and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book Publishers, pp.
257-288 (p. 269), https://doi.org/10.11647/OBP.0300.13.

Thyssen, PJ. and F.S. Masiero, Bioprospecting and Testing of New Fly Species
for Maggot Therapy, in A Complete Guide to Maggot Therapy: Clinical Practice,
Therapeutic Principles, Production, Distribution, and Ethics, F. Stadler (ed.).
2022, Cambridge: Open Book Publishers, pp. 195-234, https://doi.
org/10.11647/OBP.0300.11.

Sherman, R., Medicinal Maggot Application and Maggot Therapy Dressing
Technology, in A Complete Guide to Maggot Therapy: Clinical Practice,
Therapeutic Principles, Production, Distribution, and Ethics, F. Stadler
(ed.). 2022, Cambridge: Open Book Publishers, pp. 79-96, https://doi.
org/10.11647/OBP.0300.05.

Sherman, R., Indications, Contraindications, Interactions, and Side-effects of
Maggot Therapy, in A Complete Guide to Maggot Therapy: Clinical Practice,
Therapeutic Principles, Production, Distribution, and Ethics, F. Stadler
(ed.). 2022, Cambridge: Open Book Publishers, pp. 63-78, https://doi.
org/10.11647/OBP.0300.04.

Sherman, R. and F. Stadler, Wound Aetiologies, Patient Characteristics, and
Healthcare Settings Amenable to Maggot Therapy, in A Complete Guide to Maggot
Therapy: Clinical Practice, Therapeutic Principles, Production, Distribution, and
Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book Publishers, pp. 39-62,
https://doi.org/10.11647/OBP.0300.03.


https://doi.org/10.1111/j.1365-2915.1988.tb00188.x
https://doi.org/10.1134/S0013873813060018
https://doi.org/10.1134/S0013873813060018
https://doi.org/10.1136/pgmj.2006.055905
https://doi.org/10.1136/pgmj.2006.055905
https://doi.org/10.11647/OBP.0300.14
https://doi.org/10.11647/OBP.0300.13
https://doi.org/10.11647/OBP.0300.11
https://doi.org/10.11647/OBP.0300.11
https://doi.org/10.11647/OBP.0300.05
https://doi.org/10.11647/OBP.0300.05
https://doi.org/10.11647/OBP.0300.04
https://doi.org/10.11647/OBP.0300.04
https://doi.org/10.11647/OBP.0300.03

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

1. Introduction 13

Taka¢, P, et al., and F. Stadler, Establishment of a Medicinal Maggot Production
Facility and Treatment Programme in Kenya in A Complete Guide to Maggot
Therapy: Clinical Practice, Therapeutic Principles, Production, Distribution,
and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book Publishers, pp.
331-346, https://doi.org/10.11647/OBP.0300.15.

Stadler, F., The Maggot Therapy Supply Chain: A Review of the Literature and
Practice. Med Vet Entomol, 2020. 34(1): pp. 1-9, https://doi.org/10.1111/
mve.12397.

Bullen, B. and P. Chadwick, Clinical Integration of Maggot Therapy, in A
Complete Guide to Maggot Therapy: Clinical Practice, Therapeutic Principles,
Production, Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open
Book Publishers, pp. 97-118, https://doi.org/10.11647 /OBP.0300.06.

McKeever, D.C., Maggots in Treatment of Osteomyelitis: A Simple Inexpensive
Method. The Journal of Bone and Joint Surgery, 1933. 15: pp. 85-93, http://
dx.doi.org/10.1007/s11999-008-0240-5.

Stadler, F., Laboratory and Insectary Infrastructure and Equipment, in A
Complete Guide to Maggot Therapy: Clinical Practice, Therapeutic Principles,
Production, Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open
Book Publishers, pp. 237-256, https://doi.org/10.11647 /OBP.0300.12.

Terterov,S., etal., Posttraumatic Human Cerebral Myiasis. World Neurosurgery,
2010. 73(5): pp. 557-559, https://doi.org/10.1016 /j.wneu.2010.01.004.

Stadler, F., Packaging Technology, in A Complete Guide to Maggot Therapy:
Clinical Practice, Therapeutic Principles, Production, Distribution, and Ethics,
F. Stadler (ed.). 2022, Cambridge: Open Book Publishers, pp. 349-362,
https://doi.org/10.11647/OBP.0300.16.

Stadler, F., Distribution Logistics in A Complete Guide to Maggot Therapy:
Clinical Practice, Therapeutic Principles, Production, Distribution, and Ethics,
F. Stadler (ed.). 2022, Cambridge: Open Book Publishers, pp. 363-382,
https://doi.org/10.11647/OBP.0300.17.

Stadler, F. and P. Tatham, Drone-assisted Medicinal Maggot Distribution in
Compromised Healthcare Settings, in A Complete Guide to Maggot Therapy:
Clinical Practice, Therapeutic Principles, Production, Distribution, and Ethics,
F. Stadler (ed.). 2022, Cambridge: Open Book Publishers, pp. 383-402,
https://doi.org/10.11647/OBP.0300.18.

Stadler, F., The Ethics of Maggot Therapy, in A Complete Guide to Maggot
Therapy: Clinical Practice, Therapeutic Principles, Production, Distribution,
and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book Publishers, pp.
405-430, https://doi.org/10.11647/OBP.0300.19.

Stadler, F. Supply Chain Management for Maggot Debridement Therapy in
Compromised Healthcare Settings. 2018. Unpublished doctoral dissertation,
Griffith University, Queensland, https://doi.org/10.25904/1912/3170.


https://doi.org/10.11647/OBP.0300.15
https://doi.org/10.1111/mve.12397
https://doi.org/10.1111/mve.12397
https://doi.org/10.11647/OBP.0300.06
http://dx.doi.org/10.1007/s11999-008-0240-5
http://dx.doi.org/10.1007/s11999-008-0240-5
https://doi.org/10.11647/OBP.0300.12
https://doi.org/10.1016/j.wneu.2010.01.004
https://doi.org/10.11647/OBP.0300.16
https://doi.org/10.11647/OBP.0300.17
https://doi.org/10.11647/OBP.0300.18
https://doi.org/10.11647/OBP.0300.19
https://doi.org/10.25904/1912/3170

14

37.

38.

39.

40.

41.

42.

43.

44.

A Complete Guide to Maggot Therapy

Rafter, L., A Patient’s Perceptions of Using Larval Therapy. Wounds UK, 2010.
6(2): pp. 130-132.

Spilsbury, K., et al., Exploring Patient Perceptions of Larval Therapy as a
Potential Treatment for Venous Leg Ulceration. Health Expectations, 2008.
11(2): pp. 148-159, https://doi.org/10.1111/j.1369-7625.2008.00491 x.

Heitkamp, R.A., G.W. Peck, and B.C. Kirkup, Maggot Debridement Therapy
in Modern Army Medicine: Perceptions and Prevalence. Military Medicine,
2012.177(11): pp. 1411-1416, https:/ /doi.org/10.7205/milmed-d-12-00200.

Pajarillo, C., et al., Health Professionals’ Perceptions of Maggot Debridement
Therapy. Journal of Wound Care, 2021. 30(Sup9a): pp. VILi-VIIxi, https://
doi.org/10.12968 /jowc.2021.30.Sup9a.VIL

Humphreys, I, P. Lehane, and Y. Nigam, Could Maggot Therapy Be Taught in
Primary Schools? Journal of Biological Education, 2020: p. 1-11, https://doi.
org/10.1080/00219266.2020.1748686.

Stadler, F., et al., Maggot Menageries: High School Student Contributions to
Medicinal Maggot Production in Compromised Healthcare Settings. Citizen
Science: Theory and Practice, 2021. 6(1): p. 36, http://doi.org/10.5334/
cstp.401.

Linger, R.J., et al., Towards Next Generation Maggot Debridement Therapy:
Transgenic Lucilia sericata Larvae that Produce and Secrete a Human Growth
Factor. BMC Biotechnology, 2016. 16: p. 30, https://doi.org/10.1186/
$12896-016-0263-z.

Yakovlev, A, et al., The Possibility of Using Xenogeneic Phagocytes in Wound
Treatment. PloS ONE, 2022. 17(1): €0263256-e0263256, https://doi.org/10.
1371 /journal.pone.0263256.


https://doi.org/10.1111/j.1369-7625.2008.00491.x
https://doi.org/10.7205/milmed-d-12-00200
https://doi.org/10.12968/jowc.2021.30.Sup9a.VII
https://doi.org/10.12968/jowc.2021.30.Sup9a.VII
https://doi.org/10.1080/00219266.2020.1748686
https://doi.org/10.1080/00219266.2020.1748686
http://doi.org/10.5334/cstp.401
http://doi.org/10.5334/cstp.401
https://doi.org/10.1186/s12896-016-0263-z
https://doi.org/10.1186/s12896-016-0263-z
https://doi.org/10.1371/journal.pone.0263256
https://doi.org/10.1371/journal.pone.0263256

PART 1

CLINICAL PRACTICE






2. Living with a Chronic Wound

Rajna Ogrin and Kylie |. Elder

Any clinical intervention must be person-centered and maggot
therapyisnodifferent. Therefore, itisimportant to fully understand
and appreciate what it means for a person to live with a non-
healing wound, often for many years. Using the hypothetical but
representative case of Beverly, the authors explore the impact of
chronic wounds on the wellbeing of the person. Since wellbeing is
a multidimensional concept, the chapter examines psychological,
social, as well as spiritual and cultural wellbeing as shaped by
the lived experience of a chronic wound. There are feedback
loops and interactions between the symptoms and the persons’
physical, psychological, social, and spiritual wellbeing.

Introduction

Living with a chronic wound can have a substantial impact on an
individual’s physical, psychological, social, and spiritual wellbeing.
Financial cost can also burden people living with wounds and their
families [1]. Maggot therapy can contribute to the better management of
chronic wounds and thereby improve the wellbeing of those living with
chronic wounds. Medicinal maggots stimulate healthy new granulation
tissue in the wound bed [2-4] and reduce the microbiological burden
in wounds through their ingestion and digestion of microbes and
through the excretion and secretion of antibacterial compounds [5-8].
This supports the management of issues related to chronic wounds,
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including healing time [9], need for antibiotics 9], exudate management
and odour [10], and cost of treatment [11, 12]. Exudate is defined as
“exuded matter; especially the material composed of serum, fibrin,
and white blood cells that escapes into a superficial lesion or area of
inflammation” [13]. Chapters 8 to 10 of this book give an up-to-date
summary of how medicinal maggots achieve debridement, infection
control, and wound healing [14-16].

A shared approach to decision making, involving people living
with wounds, will encourage optimal treatment outcomes. This should
include decisions on the appropriate management of wounds and
consideration of the impact of treatment on individuals’ wellbeing [17].
This is particularly relevant for consideration and integration of an
unusual wound care treatment such as maggot therapy in the care of
people with chronic wounds. It is therefore important for stakeholders
in the maggot therapy supply chain, whether they be researchers,
producers, health insurers, or healthcare providers, to understand what
it is like for a person to live with a chronic wound. Using the fictional,
albeit entirely representative, case of Beverly who is a person on the
chronic wound journey, this chapter will describe the impact of chronic
wounds on physical, psychological, social, and spiritual wellbeing as
well as the structural aspects of health systems that impact on how
people live with chronic wounds.

Wellbeing in People Living with Chronic Wounds

Beverly. Five months ago, while working in her garden, 74-year-old Beverly
scratched her lower left leg on a branch, causing her skin to break open. She
has diabetes, diagnosed 10 years ago, hypertension, hypercholesteraemia
and arthritis in her left knee. Beverly is active in the community, volunteering
at the local charity shop twice a week. Her family live an hour’s drive away
and although she has assistance for house cleaning, she is otherwise self-
sufficient. Beverly does not drive but catches the local bus to the charity
shop. Social connectedness and staying active are most important to Beverly.
When Beverly first developed the wound, she put a clean bandage on it and
L thought it would go away.

/

Chronic wounds are simply wounds that do not proceed to heal along
the normal wound trajectory [18] which encompasses haemostasis,
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inflammation, reconstruction, and maturation [ 19]. Wounds can become
chronic for a variety of reasons: physiological, behavioural, societal, and
environmental. Chronicity of a wound can also be influenced by the
health system structure and ability to access treatment [20]. Because
of these factors, once present, chronic wounds are very difficult to heal,
and may take considerable time, or not heal at all [18].

The presence of a chronic wound significantly impacts the wellbeing
of individuals, with pain, anxiety, and disappointment being common
[21]. Those with malignant fungating wounds, in particular, feel a loss
of control over their body and their lives [22], with social implications
of malodour and other physical symptoms [23]. At first, people with
chronic wounds may accept the inconvenience of a wound. However,
as the wound duration increases, coping becomes more difficult and
withdrawal from their social environment may occur as fears of non-
healing increase [21]. Although the goal of care for most people with
wounds is healing, for malignant or non-healing wounds, managing the
physical symptoms is very important [1, 23, 24], with the aim of living
positively with the wound [25]. Palliation goals for non-healing chronic
wounds centre around preventing new wounds from developing,
preventing existing wounds from deteriorating, and symptom
management to address comfort and quality of life [26]. Therefore, the
overall wellbeing of the person living with the wound is just as important
an outcome as wound healing itself [26].

Wellbeing means that people have the physical, psychological,
social, and spiritual resources they need to meet a particular physical,
psychological, and/or social challenge [27]. The definition of wellbeing
in relation to wound management is outlined in Box 1. The first three
interrelated domains of wellbeing have been articulated by the World
Health Organization [28] as:

e Physical wellbeing: The ability to function independently
in activities such as bathing, dressing, eating, and moving
around.

o Psychological wellbeing: This implies that cognitive faculties
are intact and that the person is free from fear, anxiety, stress,
depression, or other negative emotions.

e Social wellbeing: The ability to participate in and engage with
family, society, friends, and workers.
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And spiritual wellbeing was added and defined by International
Consensus [1]:

o “Spiritual/cultural wellbeing: an ability to experience and
integrate meaning and purpose in life through connections
with one’s self and others. This is an integral part of mental,
emotional and physical health and may be associated with a
specific religion, cultural beliefs or personal values.”

Box 1. Wellbeing in relation to wound management.

As defined in Optimising wellbeing in people living with a wound. An expert
working group review [1]:

Wellbeing is a dynamic matrix of factors, including physical, social
psychological and spiritual. The concept of wellbeing is inherently
individual, will vary over time, is influenced by culture and context, and is
independent of wound type, duration or care setting. Within wound healing,
optimising an individual’s wellbeing will be the result of collaboration
and interactions between clinicians, the person living with a wound, their
families and carers, the healthcare system and industry. The ultimate goals
are to optimise wellbeing, improve or heal the wound, alleviate/manage
symptoms and ensure all parties are fully engaged in this process.

4 ™
Beverly thought that her wound would heal after a few weeks, but she has

had it for over three months and she’s so sick of it, and worried it will never
heal. The pain has limited her going out and she can only volunteer at the
charity shop for a couple of hours a week. She relies on a friend to pick
her up and drive her as she can no longer catch public transport. She finds
this distressing as she prefers to be self-reliant. Even having to wear the
bandages worries her, as it shows that something is wrong. She tries to
hide them by wearing long skirts and thick stockings, not able to wear the
normal trousers she prefers because she can't fit them over the bandages.
Sometimes the wound leaks through the bandage and starts to smell. She
has been attending the local doctor’s surgery to get some wound advice
and dressings but getting there is hard, and she still needs to change the
dressing herself.




2. Living with a Chronic Wound 21

An attempt has been made to separate the issues associated with living
with a chronic wound into physical, psychological, social, and system
domains, however, as outlined by Beverly’s case, many issues fall under
multiple domains. Further, some issues lead to the development of others
across the domains. This reinforces how challenging it is to understand
the complex impacts of chronic wounds on people’s lives. Clinicians
must consider the whole person for management to be truly person-
centred [29], and thereby more likely to support people to achieve their
goals of care. Unfortunately, the majority of existing studies focus on
quality of life when living with a wound, which emphasises deficits in
peoples’ lives, rather than a holistic, asset-based approach associated
with wellbeing [17]. We will convey the evidence related to issues
affecting the lives of people living with a chronic wound, and show how
they impact lives using our case study of Beverly.

Physical Wellbeing

4 ™
Beverly finds the open wound a bit painful and moving too much hurts.

The lack of sleep due to the itchiness and pain in her wound makes her so
tired and irritable the next day. She’s worried about taking pain medication,
as these kinds of tablets can be addictive. She covers her wound with a
dressing and bandages, but it leaks quite a lot and the bandages can't
contain it all. When the fluid sits for a time it begins to smell and hardens
the dressing, which makes the area even more painful to walk with, as well
as being very embarrassing. She has had multiple infections, and where
previously the wound was clean and red, it now has a persistent smelly
grey base and the dressings don't make much of a difference. Beverly
stopped volunteering at the charity shop as she doesn’t want to be with
people for long periods of time in case they notice the leaking or smell. She
now relies on a walking frame for mobility as the heavy bandages make
her feel as if she will fall. She is beginning to put on weight which is also
impacting on her arthritic joints. The ulcer is getting larger and her legs are
also swelling. It is hard to shower because she must keep the bandages dry

and this is very difficult.
- /

Chronic wounds can impact negatively upon the physical wellbeing of
people with wounds, with pain/irritation, wound exudate malodour
[25, 30], limitations on mobility and sleep disturbances commonly
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being raised as issues [31-33]. A poorer quality of life is correlated
to dressing change frequency, pain, wound dressing comfort, wound
symptom, bleeding, and malodour in individuals with malignant
fungating wounds [34]. The effect of each factor can vary, depending
on the wound size, depth, location and duration [35]. As shown by
Beverly’s case, these factors combine to impact on physical functioning.
Listed below are issues that have been predominantly identified in the
literature. It is important to note this list is not exhaustive, and other
issues may also occur:

Pain. Wound pain is reported to vary in type, intensity and duration,
and is described in different ways by people with chronic wounds. For
example, pain may be experienced as burning, shooting, stabbing, knife-
like, throbbing, dull, niggly, gnawing, aching, annoying, hot poker,
pins, nerve pain, sticky, or stinging [36]. For some people, pain can be
constant, spontaneous, or persistent [37], while others can have pain-
free periods interrupted by periods of sudden onset of severe pain with
no apparent trigger [36].

Wound pain may be lessened through a number of approaches;
however, it can also worsen in the presence of infection, with some
treatments, and when undertaking physical activity [36]. It is important
to note that if pain is exacerbated or triggered by physical activity, this
may also influence the ability of people with chronic wounds to be more
active [32, 36]. This, in turn, may lead to further complications that
negatively impact physical wellbeing. Pain at dressing changes has been
identified as the worst part of having a wound [38].

Finally, pain management may be inadequate in people with chronic
wounds [39, 40], with prescription rates and use of analgesia low in
people living with wounds [36]. Some individuals are reluctant to use
pain medication, concerned they will become addicted [25]. Lack of
pain management may impact on attempts at physical activity by virtue
of anticipation of the perceived pain [25]. Anxiety can also contribute
to this anticipated pain and it is therefore important that this emotion is
addressed [41].

Impaired physical mobility. Physical mobility may be impaired either
because of ulcer characteristics, the dressing, or self-imposed isolation
in response to the impact of symptoms [31]. Limited physical mobility
can restrict the ability to undertake activities of daily living including
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employment, participation in recreational activities, and social
interaction [30-32, 36].

Ulcer characteristics. Itchiness, exudate and swelling of the
leg are common in people with leg ulcers [32, 36], with itching
and pain affecting sleep, leading to increased tiredness during
the day, in turn leading to more rest, thereby reducing physical
activities [36]. In people with malignant fungating wounds
dealing with the physical symptoms of pain, exudate, odour
[25], itch, and bleeding is very challenging [23].

Dressings. Undertaking outdoor activities may be off-putting
owing to the need for dressing changes in people with chronic
wounds as they wait for healthcare professional appointments
[32]. Bandages can restrict movement in some people living
with chronic wounds [40, 42]. Depending on the dressings
used, clothing choice can be restricted, including the ability
to wear normal footwear, particularly with bandaging [36, 40,
43]. Bathing can be difficult, as people are advised to keep the
dressing dry in between dressing changes, the frequency of
which can vary from daily to once a week [40, 43, 44].

Self-imposed isolation. This is particularly evident if people
living with a wound are unable to maintain their own hygiene,
which is not uncommon, given that they are asked to keep
their dressings dry for days at a time, limiting their ability
to bathe [40]. The dressings are often cumbersome and
unsightly, and if exudate levels are high and sub-optimally
managed, people living with chronic wounds are less likely
to leave their homes [43-45]. The limitations on what clothing
and footwear may be worn may further lead to people living
with chronic wounds isolating themselves [36]. If sleep is
disturbed by the wound pain and/or itchiness, then resting
during the day may contribute to people isolating themselves
[32, 36]. Some people living with a wound reduce the amount
of activity they undertake, further limiting outside activities
because of an expressed fear of falling and traumatic injury
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which could lead to a worsening of their wound or prevent it
from healing [42].

Psychological Wellbeing

Beverly is now unable to get around much at all. During the day she has
more time to think about her wound and the pain and this makes her feel
down and makes the pain worse. Her anxiety that the wound will never
heal consumes her. The added weight gain, loss of mobility, limited hygiene
and bulky clothes combined make her feel like she is ugly, and useless as

a person.
- P /

Psychological and social wellbeing have some overlapping aspects. The
psychological includes the emotional impact wounds have on persons
living with a wound as well as on their carers and family members. These
emotions are pivotal in social wellbeing. This interconnectedness makes
it difficult to separate some aspects. For example, when wounds do not
heal in the expected timeframe, people may withdraw socially and at
the same time, experience increased feelings of fear [21]. In addition,
poor psychological health is associated with higher risk of depression,
less perceived social support, and greater social isolation [46]. While
there are many aspects of chronic wounds that lead to a deterioration in
psychosocial wellbeing, it is not all negative. Some people with wounds
can find satisfaction in their changed circumstances after accepting
their situation and adapting their expectations [36]. Further, while
depression is common, some people living with wounds remain hopeful
of a positive outcome [31].

The impact of chronic wounds on many peoples” psychological
wellbeing is significant [1, 21]. Depression, anxiety [47], low mood, and
poor quality of life are common in people living with a chronic wound
[31, 33, 34]. Further, changes in mood, acceptance, body image, and
issues with self-esteem have been identified in reviews of the literature
[36]. Body image and self-esteem are particular issues in malignant
fungating wounds [22]. Many of the problems experienced stem from
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the physical wound characteristics [23, 25, 33], as well as the treatment
regimens implemented to manage the wounds [32]. The psychological
impact of living with a chronic wound includes, but is not limited to:

Depression

Depression is a common mental condition, “characterized by sadness,
loss of interest or pleasure, feelings of guilt or low self-worth, disturbed
sleep or appetite, feelings of tiredness and poor concentration” [48]. It
is estimated that up to 30% of all people living with chronic wounds
develop depression and/or anxiety [49-51]. An international multi-
centre study about the psychological burden of skin diseases identified
people living with leg ulcers as having the highest odds ratio for
depression when compared with other skin conditions. [47]. Feelings
of depression, despair and hopelessness were associated with lack of
sleep and subsequent fatigue due to the wound [52]. Again, physical
symptoms were the main cause of sleep problems, including pain and
itching [36].

Negative Emotions

The physical aspects of chronic wounds can trigger stress and other
negative emotions. Anxiety was also associated with the fear that others
could smell the ulcer or that there would be exudate leakage [39]. Odour
and excessive exudate where leakage occurs remind people that they
have a wound, and raise feelings of disgust [53], self-loathing and low
self-esteem [23, 54]. The ongoing nature of the wound leads to feelings
of frustration because the wound appears to be “forever healing” [55]
and to concerns that the wound won't ever heal [40] or will deteriorate.

Social Wellbeing

Beverly’s family live so far away, so it is difficult for them to help and she
is now reliant on neighbours to help her shop and cook. She has also had
to accept a carer to shower her because of her poor mobility. She does not
feel that she has control over her life. The issues with her wound prevent
Beverly from participating in any social activities, and this makes her feel
very lonely.
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This component involves the ability of people to participate in and
engage with family, society, friends, and, if employed, other colleagues at
work. The ability to engage with everyday functioning can be restricted
either owing to the wound, the dressing or to a self-imposed isolation in
response to the impact of symptoms [25, 31].

In the initial stages of developing the wound, people have hope
that it will heal in a timely fashion. However, as the wound becomes
chronic, relationships with family and friends can become strained as
people need to rely on them for help with cooking and cleaning [40, 43].
Further, declining contact with others occurs when people living with
wounds lose confidence and hope [56]. They may also hide the true
impact of how the wound makes them feel, with some feeling ashamed
to talk about their wounds [57].

Self-imposed isolation is common, where people living with wounds
may avoid interaction with others because of, either the embarrassing
symptoms associated with the wound itself or the physical aspects of
the wound and the dressings (or indeed both). The embarrassment can
stem from malodour, exudate leakage [25, 58], or blood leakage [25, 37],
as well as the unsightly appearance of the dressings [59]. The dressing
factors raised previously can negatively impact on body image and
life-satisfaction, and contribute to social withdrawal [22, 36, 40, 59-61].
The combination of all of the above factors can also limit mobility,
and thereby limit the person’s ability to undertake their normal social
activities [23, 40, 58].

Spiritual/Cultural Wellbeing

Beuverly finds solace in her faith. It is hard for her to go to church, with the
pain while walking and her worry about the wound leaking, but she makes
the effort. She finds she can share her real worries about her leg with the
priest, and it gives her some release from her stress.

Spirituality may provide positive and negative contributions to the
wellbeing of people living with chronic wounds. In some individuals,
they may believe that they are responsible for their wound and consider
it a punishment for their actions from a higher being [62]. Conversely,
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spirituality may provide hope of healing, resilience, and endurance
to deal with the symptoms [63]. It is important to understand beliefs,
religious and otherwise, of individuals living with their chronic wound,
as this impacts on the management of their condition and the support
resources available to them [1]. For example, this may involve avoiding
appointments on days of religious significance or ensuring permission
is sought when using treatments that use animal products [64].
Spirituality and cultural wellbeing are less well studied, and would
benefit from more research to identify the way they influence choices
and practices related to wound management [1].

How People with Chronic Wounds Seek, Access, and
Experience Care

- N\
Beverly. The doctor referred Beverly to receive home nursing given that

her wound had not progressed and she required closer monitoring of her
blood sugar levels. Beverly was embarrassed that she needed help, but
she was finding it hard to cope with everything, including paying for all
the dressings and the doctors” appointments—everything is so expensive.
The nurse attended a full assessment and discovered that Beverly’s
peripheral vascular system was compromised, meaning she needed to wear
compression bandages to support her veins to heal. This was the first time
Beverly had been told the reason her wound was not healing. The nurses
educated Beverly on wound healing, the importance of nutrition and
keeping active. They discussed Beverly’s options with her and developed a
plan of care that considered Beverly’s goals. The nurses continued to visit
her to attend to dressings and apply the bandages. The pain and exudate
from the wound was reduced and Beverly was able to begin to socialise
once more.

J

In low-income countries, access to healthcare may also be limited due
to distance [65], and care is frequently sought from traditional healers,
and less from government facilities and private health practitioners [30].
Delays in seeking treatment are very common for a number of reasons.
People often turn to the use of traditional medicine first [65, 66] because
they strongly believe in their ability to control the disease [67], but also
due to social and financial constraints [30, 65] and fear of amputation
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[66]. Culture also impacts a person’s perception of disease and therefore
whether and from whom they seek and accept treatment [68].

Generally, in middle- to high-income countries, the General
Practitioner is the most common source of care [ 69]. Many self-treat, often
due to lack of healthcare resources, the cost involved, and dissatisfaction
with previously received medical care [70]. Self-treatment may also occur
to maintain independence, and for convenience regarding treatment
schedules—although most have sought professional healthcare input
for assessment and advice at some time [71].

Access to Evidence-based Care

Assessing, diagnosing, and managing wounds are complex activities
that need to be enabled by the healthcare system and institutional
capacity. In order to be proficient, healthcare workers require significant
knowledge, skills, and expertise [72]. There are few healthcare providers
in developed countries who have this expertise, let alone in low- and
middle-income countries, which means that people with chronic
wounds have difficulties accessing quality care [69, 73, 74]

The Cost of Care

Whether in high- or low-income care settings, subsidies for costly
dressings, bandages, and footwear are often not available to people
living with a wound and their families although they are essential for
proper care, wound healing, and prevention of recurrence [20, 75]. Even
where these costs are subsidised, full out-of-pocket expenses are not
usually recouped [76], making evidence-based care unaffordable and
therefore inaccessible [20, 75]. Costs associated with chronic wound
treatment also include travel to and from and accommodation for
appointments, fees for medical and specialist reviews, loss of wages,
equipment purchases or hire, and medication to treat infections [76].
In the end, these factors can lead to significant and even catastrophic
healthcare expenditure for people living with chronic wounds.
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How People with Chronic Wounds Experience Care

As mentioned earlier, wellbeing is more than just health, and involves the
physical, psychological, social, and spiritual domains. Health is only one
part of wellbeing, yet our health system focusses almost exclusively on
the physical and poorly on psychological, social, and spiritual wellbeing,
i.e. the biomedical model [29]. Negative experiences of people seeking
care for their chronic wounds from healthcare providers is common.
There is a lack of understanding of the priorities of people living with
wounds by healthcare providers, limiting effective support [77]. People
with chronic wounds can feel that physicians do not understand how
they perceive their situation, and that there is the need for improved
communication and greater involvement in decisions about their care
[78]. Individuals may receive conflicting information [71, 78], need to
wait too long for an appointment [71], and perceive poor outcomes
from care [65, 70, 71].

The World Health Organization aspires to the biopsychosocial
model of care [79] to promote the wellbeing of community members
[80]. This approach is person-centred, with the needs of community
members driving the care that they require, which includes the physical,
psychological and social aspects of wellbeing [1, 28]. Involving people
in their care and supporting easy access to the right care with the right
person at the right time is essential to achieve optimal outcomes [81].

Summary

Chronic wounds impose all-pervasive physical, psychological, social,
and spiritual impacts on individuals, their families, and friends. These
are mostly mediated by wound symptoms such as excessive exudate
and odour, infection, pain, and lack of healing. As described earlier,
there are vicious feedback loops and interactions between the symptoms
and peoples’ physical, psychological, social, and spiritual wellbeing.
Further, there is a widespread knowledge and training deficit regarding
appropriate holistic and multidisciplinary wound care, and wounds
impose a high financial burden on individuals and society.

Health systems are generally focussed on the medical model,
meaning that they consider mostly the disease and not the person living
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with the disease. Care needs to include a biopsychosocial approach,
where effective assessment, diagnosis and management that engages
with people living with wounds and considers what is important to
them is implemented.

Maggot therapy can play an important role in the provision of such
efficacious, affordable and person-centred wound care that improves the
physical, psychological, social, and spiritual wellbeing of people living
with wounds provided it is properly integrated into the healthcare
system. How this may be achieved is discussed in Chapter 6 of this
book [82]. Maggot therapy can speed up debridement and promote
wound healing, reduce exudate and odour, and control infection, all of
which have a significant impact on the wellbeing of people with chronic
wounds. Most important, though, in the context of this discussion,
maggot therapy requires full consent and acceptance by individuals and
their families. This is difficult to achieve if people with wounds are not
involved in care decision making. To that end, Chapter 19 [83] examines
ethical considerations involved in using medicinal maggots as a wound
care therapy, including the importance of consent by the individual for
this therapy.

References

1.  International Consensus, Optimising Wellbeing in People Living with a
Wound. An Expert Working Group Review. 2012, Wounds International:
London. https:/ /www.woundsinternational.com/uploads/resources/
c3ab8a73ca934b6989ffdb0e31d2c45d.pdf.

2. Horobin, AJ., etal., Maggots and Wound Healing: An Investigation of the Effects
of Secretions from Lucilia sericata Larvae upon Interactions between Human
Dermal Fibroblasts and Extracellular Matrix Components. British Journal of
Dermatology, 2003. 148(5): pp. 923-933.

3. Sun, X, et al., Maggot Debridement Therapy Promotes Diabetic Foot Wound
Healing by Up-regulating Endothelial Cell Activity. Journal of Diabetes and
its Complications, 2016. 30(2): pp. 318-322, https://doi.org/10.1016/j.
jdiacomp.2015.11.009.

4. Wollina, U., et al., Biosurgery Supports Granulation and Debridement in
Chronic Wounds — Clinical Data and Remittance Spectroscopy Measurement.
International Journal of Dermatology, 2002. 41(10): pp. 635-639, https://
doi.org/10.1046/j.1365-4362.2002.01354.x.


https://www.woundsinternational.com/uploads/resources/c3a58a73ca934b6989ffdb0e31d2c45d.pdf
https://www.woundsinternational.com/uploads/resources/c3a58a73ca934b6989ffdb0e31d2c45d.pdf
https://doi.org/10.1016/j.jdiacomp.2015.11.009
https://doi.org/10.1016/j.jdiacomp.2015.11.009
https://doi.org/10.1046/j.1365-4362.2002.01354.x
https://doi.org/10.1046/j.1365-4362.2002.01354.x

10.

11.

12.

13.

14.

15.

16.

2. Living with a Chronic Wound 31

Bexfield, A, et al., Detection and Partial Characterisation of Two Antibacterial
Factors from the Excretions/Secretions of the Medicinal Maggot Lucilia sericata
and Their Activity against Methicillin-Resistant Staphylococcus —aureus
(MRSA). Microbes and Infection, 2004. 6(14): pp. 1297-1304, https://doi.
org/10.1016/j.micinf.2004.08.011.

Bohova, J., et al., Selective Antibiofilm Effects of Lucilia sericata Larvae
Secretions/Excretions ~ against ~ Wound  Pathogens.  Evidence-Based
Complementary and Alternative Medicine, 2014. 2014: pp. 1-9, https://
doi.org/10.1155/2014/857360.

Kruglikova, A.A. and SI. Chernysh, Antimicrobial Compounds from
the Excretions of Surgical Maggots, Lucilia sericata (Meigen) (Diptera,
Calliphoridae). Entomological Review, 2011.91(7): pp. 813-819, https://doi.
org/10.1134/50013873811070013.

Lerch, K., et al., Bacteria Ingestion by Blowfly Larvae: An in vitro Study.
Dermatology, 2003. 207(4): pp. 362-366, https://doi.org/10.1159/000074
115.

Sun X, J.K., Chen J, Wu L, Lu H, Wang A, Wang J., A Systematic Review
of Maggot Debridement Therapy for Chronically Infected Wounds and Ulcers.
International Journal of Infectious Diseases, 2014. 25: pp. 32-37, https://
doi.org/10.1016/j.ijid.2014.03.1397.

Sig, AK., O. Koru, and E. Araz, Maggot Debridement Therapy: Utility in
Chronic Wounds and a Perspective Beyond. Wound Practice & Research, 2018.
26(3): pp. 146-153.

Wilasrusmee, C., et al., Maggot Therapy for Chronic Ulcer: A Retrospective
Cohort and a Meta-analysis. Asian Journal of Surgery, 2014. 37: pp. 138-147,
https://doi.org/10.1016/j.asjsur.2013.09.005.

Gierori, M., M. Stowik-Rylska, and B. Krecisz, Effectiveness of Maggot
Debridement Therapy in Treating Chronic Wounds — Review of Current
Literature. Medical Studies/Studia Medyczne, 2018. 34(4): pp. 325-331,
https://doi.org/10.5114/ms.2018.80949.

Merriam-Webster Dictionary. 2020, www.merriam-webster.com/dictionary/
exudate.

Nigam, Y. and M.R. Wilson, Maggot Debridement, in A Complete Guide
to Maggot Therapy: Clinical Practice, Therapeutic Principles, Production,
Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book
Publishers, pp. 143-152, https://doi.org/10.11647 /OBP.0300.

Nigam, Y. and M.R. Wilson, The Antimicrobial Activity of Medicinal Maggots,
in A Complete Guide to Maggot Therapy: Clinical Practice, Therapeutic Principles,
Production, Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open
Book Publishers, pp. 153-174, https://doi.org/10.11647 /OBP.0300.09.

Nigam, Y. and M.R. Wilson, Maggot-assisted Wound Healing, in A Complete
Guide to Maggot Therapy: Clinical Practice, Therapeutic Principles, Production,


https://doi.org/10.1016/j.micinf.2004.08.011
https://doi.org/10.1016/j.micinf.2004.08.011
https://doi.org/10.1155/2014/857360
https://doi.org/10.1155/2014/857360
https://doi.org/10.1134/S0013873811070013
https://doi.org/10.1134/S0013873811070013
https://doi.org/10.1159/000074115
https://doi.org/10.1159/000074115
https://doi.org/10.1016/j.ijid.2014.03.1397
https://doi.org/10.1016/j.ijid.2014.03.1397
https://doi.org/10.1016/j.asjsur.2013.09.005
https://doi.org/10.5114/ms.2018.80949
http://www.merriam-webster.com/dictionary/exudate
http://www.merriam-webster.com/dictionary/exudate
https://doi.org/10.11647/OBP.0300
https://doi.org/10.11647/OBP.0300.09

32

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

A Complete Guide to Maggot Therapy

Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book
Publishers, pp. 175-194, https://doi.org/10.11647/OBP.0300.10.

Upton, D., A. Andrews, and P. Upton, Venous Leg Ulcers: What about
Well-being? Journal of Wound Care, 2014. 23(1): pp. 14-17, https://doi.
org/10.12968 /jowc.2014.23.1.14.

Nunan, R. and P. Martin, Clinical Challenges of Chronic Wounds: Searching for
an Optimal Animal Model to Recapitulate Their Complexity. Disease Models
and Mechanisms, 2014. 7(11): pp. 1205-1213, https://doi.org/10.1242/
dmm.016782.

Guo, S. and L.A. Dipietro, Factors Affecting Wound Healing.
Journal of Dental Research, 2010. 89(3): pp. 219-229, https://doi.
org/10.1177/0022034509359125.

Chronic Wounds Solutions Collaborating Group, Solutions to the Chronic
Wounds Problem in Australia: A Call To Action. 2018, Australian Centre for
Health Services Innovation (AusHSI): Kelvin Grove, Queensland.

Marczak, J., et al., Patient Experiences of Living with Chronic Leg Ulcers and
Making the Decision to Seek Professional Health-care. Journal of Wound Care,
2019. 28(Sup 1): pp. S18-525, https://doi.org/10.12968 /jowc.2019.28.sup1.
s18.

Probst, S., A. Arber, and S. Faithfull, Malignant Fungating Wounds — The
Meaning of Living in an Unbounded Body. European Journal of Oncology
Nursing, 2013. 17(1): pp. 38—45, https://doi.org/10.1016/j.ejon.2012.02.001.

Reynolds, H. and G. Gethin, The Psychological Effects of Malignant Fungating
Wounds. Journal of Wound Management, 2015. 15(2): pp. 29-32.

Probst, S., et al., Recommendations for the Care of Patients with Malignant
Fungating Wounds. 2015, European Oncology Nursing Society (EONS):
London.

Lo, S.-F., et al., Experiences of Living with a Malignant Fungating Wound: A
Qualitative Study. Journal of Clinical Nursing, 2008. 17(20): pp. 2699-2708,
https://doi.org/10.1111/j.1365-2702.2008.02482.x.

Nenna, M., Pressure Ulcers at End Life: An Overview for Home Care and Hospice
Clinicians. Home Healthcare Nurse, 2011. 29(6): pp. 350-365, https://doi.
org/10.1097 /nhh.0b013e3182173acl.

Dodge, R., et al., The Challenge of Defining Wellbeing. International Journal
of Wellbeing, 2012. 2(3): pp. 222-235, https://doi.org/10.5502/ijw.v2i3.4.

WHO. Constitution of the World Health Organization. [Basic works] 2006.
https://www.who.int/governance/eb/who_constitution_en.pdf.

Wade, D.T. and PW. Halligan, The Biopsychosocial Model of Illness: A Model
Whose Time Has Come. Clinical Rehabilitation, 2017. 31(8): pp. 995-1004,
https://doi.org/10.1177/0269215517709890.


https://doi.org/10.11647/OBP.0300.10
https://doi.org/10.12968/jowc.2014.23.1.14
https://doi.org/10.12968/jowc.2014.23.1.14
https://doi.org/10.1242/dmm.016782
https://doi.org/10.1242/dmm.016782
https://doi.org/10.1177/0022034509359125
https://doi.org/10.1177/0022034509359125
https://doi.org/10.12968/jowc.2019.28.sup1.s18
https://doi.org/10.12968/jowc.2019.28.sup1.s18
https://doi.org/10.1016/j.ejon.2012.02.001
https://doi.org/10.1111/j.1365-2702.2008.02482.x
https://doi.org/10.1097/nhh.0b013e3182173ac1
https://doi.org/10.1097/nhh.0b013e3182173ac1
https://doi.org/10.5502/ijw.v2i3.4
https://www.who.int/governance/eb/who_constitution_en.pdf
https://doi.org/10.1177/0269215517709890

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

2. Living with a Chronic Wound 33

Ackumey, M.M., et al., Illness Meanings and Experiences for Pre-
ulcer and Ulcer Conditions of Buruli Ulcer in the Ga-West and Ga-South
Mupnicipalities of Ghana. BMC Public Health, 2012. 12(264), https://doi.
org/10.1186/1471-2458-12-264.

Green, J., et al., The Impact of Chronic Venous Leg Ulcers: A Systematic
Review. Journal of Wound Care 2014. 23(12): pp. 601-612, https://doi.
org/10.12968 /jowc.2014.23.12.601.

Herber, O.R., W. Schnepp, and M.A. Rieger, A Systematic Review on the
Impact of Leg Ulceration on Patients’ Quality of Life. Health and Quality of
Life Outcomes, 2007. 5: 44, https://doi.org/10.1186/1477-7525-5-44.

Persoon, A., et al.,, Leg Ulcers: A Review of Their Impact on Daily Life.
Journal of Clinical Nursing, 2004. 13(3): pp. 341-354, https://doi.
org/10.1046/j.1365-2702.2003.00859.x.

Lo, S.-F,, et al., Symptom Burden and Quality of Life in Patients with Malignant
Fungating Wounds. Journal of Advanced Nursing, 2012. 68(6): pp. 1312-
1321, https://doi.org/10.1111/j.1365-2648.2011.05839.x.

European Wound Management Association, Hard to Heal Wounds: A Holistic
Approach. 2008, MEP Ltd: London.

Phillips, P, et al., A Systematic Review of Qualitative Research into People’s
Experiences of Living with Venous Leg Ulcers. Journal of Advanced Nursing,
2018. 74(3): pp. 550-563, https://doi.org/10.1111/jan.13465.

Maida, V., et al., Symptoms Associated with Malignant Wounds: A Prospective
Case Series. Journal of Pain & Symptom Management, 2009. 37(2): pp.
206-211, https://doi.org/10.1016/j.jpainsymman.2008.01.009.

Price, PE., et al., Dressing-related Pain in Patients with Chronic Wounds: An
International Patient Perspective. International Wound Journal, 2008. 5(2):
pp- 159-171, https://doi.org/10.1111/j.1742-481X.2008.00471.x.

Douglas, V., Living with a Chronic Leg Ulcer: An Insight into Patients’
Experiences and Feelings. Journal of Wound Care, 2001. 10(9): pp. 355-360,
https://doi.org/10.12968 /jowc.2001.10.9.26318.

Hareendran, A., et al, The Venous Leg Ulcer Quality of Life (VLU-
QoL) Questionnaire: Development and Psychometric Validation. Wound
Repair and Regeneration, 2007. 15(4): pp. 465-473, https://doi.
org/10.1111/j.1524-475X.2007.00253.x.

Woo, K,, et al., Assessment and Management of Persistent (Chronic) and Total
Wound Pain. International Wound Journal, 2008. 5(2): pp. 205-215, https://
doi.org/10.1111/j.1742-481X.2008.00483.x.

Brown, A., Chronic Leg Ulcers, Part 2: Do They Affect a Patient’s Social
Life? British Journal of Nursing, 2005. 14(18): pp. 986-989, https://doi.
org/10.12968 /bjon.2005.14.18.19888.


https://doi.org/10.1186/1471-2458-12-264
https://doi.org/10.1186/1471-2458-12-264
https://doi.org/10.12968/jowc.2014.23.12.601
https://doi.org/10.12968/jowc.2014.23.12.601
https://doi.org/10.1186/1477-7525-5-44
https://doi.org/10.1046/j.1365-2702.2003.00859.x
https://doi.org/10.1046/j.1365-2702.2003.00859.x
https://doi.org/10.1111/j.1365-2648.2011.05839.x
https://doi.org/10.1111/jan.13465
https://doi.org/10.1016/j.jpainsymman.2008.01.009
https://doi.org/10.1111/j.1742-481X.2008.00471.x
https://doi.org/10.12968/jowc.2001.10.9.26318
https://doi.org/10.1111/j.1524-475X.2007.00253.x
https://doi.org/10.1111/j.1524-475X.2007.00253.x
https://doi.org/10.1111/j.1742-481X.2008.00483.x
https://doi.org/10.1111/j.1742-481X.2008.00483.x
https://doi.org/10.12968/bjon.2005.14.18.19888
https://doi.org/10.12968/bjon.2005.14.18.19888

34

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

A Complete Guide to Maggot Therapy

Douglas, V., Living with a Chronic Leg Ulcer: An Insight into Patients’
Experiences and Feelings. Journal of Wound Care, 2001. 10(9): pp. 355-360.

Wellborn, J. and ].T. Moceri, The Lived Experiences of Persons With Chronic
Venous Insufficiency and Lower Extremity Ulcers. Journal of Wound Ostomy
& Continence Nursing, 2014. 41(2): pp. 122-126, https://doi.org/10.1097 /
won.0000000000000010.

Charles, H., Does Leg Ulcer Treatment Improve Patients” Quality of Life? .
Journal of Wound Care, 2004. 13(6): pp. 209-213, https://doi.org/10.12968/
jowc.2004.13.6.26670.

Moffatt, C.J., et al., Psychological Factors in Leg Ulceration: A Case—Control
Study. British Journal of Dermatology, 2009. 161(4): pp. 750-756, https://
doi.org/10.1111/§.1365-2133.2009.09211.x.

Dalgard, EJ., et al., The Psychological Burden of Skin Diseases: A Cross-
Sectional Multicenter Study among Dermatological Out-Patients in 13 European
Countries. Journal of Investigative Dermatology, 2015. 135(4): pp. 984-991,
https://doi.org/10.1038/jid.2014.530.

WHO. Depression:  Definition. 2019. http://www.euro.who.int/en/
health-topics/noncommunicable-diseases/pages/news/news/2012/10/
depression-in-europe/depression-definition.

Wachholz, PA., et al.,, Quality of Life Profile and Correlated Factors in
Chronic Leg Ulcer Patients in the Mid-west of Sdo Paulo State, Brazil. Anais
Brasileiros de Dermatologia, 2014. 89: pp. 73-81, https://doi.org/10.1590/
abd1806-4841.20142156.

Magela Salome, G., L. Blanes, and L. Masako Ferreira, Assessment of
Depressive Symptoms in People with Diabetes Mellitus and Foot Ulcers Revista
do Colegio Brasileiro de Cirurgioes, 2011. 38(5): pp. 327-333, https://doi.
org/10.1590/s0100-69912011000500008.

Renner, R. and C. Erfurt-Berge, Depression and Quality of Life in Patients with
Chronic Wounds: Ways to Measure Their Influence and Their Effect on Daily
Life. Chronic Wound Care Management and Research, 2017. 4: pp. 143-151,
https://doi.org/10.2147/CWCMR.5124917.

Hopkins, A., Disrupted Lives: Investigating Coping Strategies for Non-healing
Leg Ulcers. British Journal of Nursing, 2004. 13(9): pp. 556-563, https://doi.
org/10.12968/bjon.2004.13.9.12972.

Ousey, K. and D. Roberts, Exploring Nurses” and Patients’ Feelings of Disgust
Associated with Malodorous Wounds: A Rapid Review. Journal of Wound Care,
2016. 25(8): pp. 438—442, https://doi.org/10.12968 /jowc.2016.25.8.438.

Jones, ], etal., Impact of Exudate and Odour from Chronic Venous Leg Ulceration
Nursing Standard, 2008. 22(45): pp. 53-61 https://journals.rcni.com/
nursing-standard /impact-of-exudate-and-odour-from-chronic-venous-
leg-ulceration-ns2008.07.22.45.53.c6592.


https://doi.org/10.1097/won.0000000000000010
https://doi.org/10.1097/won.0000000000000010
https://doi.org/10.12968/jowc.2004.13.6.26670
https://doi.org/10.12968/jowc.2004.13.6.26670
https://doi.org/10.1111/j.1365-2133.2009.09211.x
https://doi.org/10.1111/j.1365-2133.2009.09211.x
https://doi.org/10.1038/jid.2014.530
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/pages/news/news/2012/10/depression-in-europe/depression-definition
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/pages/news/news/2012/10/depression-in-europe/depression-definition
http://www.euro.who.int/en/health-topics/noncommunicable-diseases/pages/news/news/2012/10/depression-in-europe/depression-definition
https://doi.org/10.1590/abd1806-4841.20142156
https://doi.org/10.1590/abd1806-4841.20142156
https://doi.org/10.1590/s0100-69912011000500008
https://doi.org/10.1590/s0100-69912011000500008
https://doi.org/10.2147/CWCMR.S124917
https://doi.org/10.12968/bjon.2004.13.9.12972
https://doi.org/10.12968/bjon.2004.13.9.12972
https://doi.org/10.12968/jowc.2016.25.8.438
https://journals.rcni.com/nursing-standard/impact-of-exudate-and-odour-from-chronic-venous-leg-ulceration-ns2008.07.22.45.53.c6592
https://journals.rcni.com/nursing-standard/impact-of-exudate-and-odour-from-chronic-venous-leg-ulceration-ns2008.07.22.45.53.c6592
https://journals.rcni.com/nursing-standard/impact-of-exudate-and-odour-from-chronic-venous-leg-ulceration-ns2008.07.22.45.53.c6592

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

2. Living with a Chronic Wound 35

Chase, S., Melloni, M., & Savage, A., A Forever Healing: The Lived Experience
of Venous Ulcer Disease. Journal of Vascular Nursing, 1997. 15(2): pp. 73-78,
https://doi.org/10.1016/s1062-0303 (97)90004-2.

Lindahl, E., A. Norberg, and A. Séderberg, The Meaning of Caring for People
with Malodorous Exuding Ulcers. Journal of Advanced Nursing, 2008. 62(2):
pp. 163-171, https://doi.org/10.1111/j.1365-2648.2007.04551..x.

Ebbeskog, B. and S.-L. Ekman, Elderly Persons’ Experiences of Living with
Venous Leg Ulcer: Living in a Dialectal Relationship between Freedom and
Imprisonment. Scandinavian Journal of Caring Sciences, 2001. 15(3): pp.
235-243, https://doi.org/10.1046/j.1471-6712.2001.00018.x.

Chase, S., R.Whittemore, N. Crosby, D. Freney, P. Howes, & T. Phillips,
Living with Chronic Venous Leg Ulcers: A Descriptive Study of Patients’
Experiences. Journal of Community Health Nursing, 2000. 17(1): pp. 1-13,
https://doi.org/10.1207 /s15327655jchn1701_01.

Bland, M., Coping with Leg Ulcers. Nursing New Zealand, 1996. 2(3): pp.
13-14.

Alexander, S., An Intense and Unforgettable Experience: The Lived Experience
of Malignant Wounds from the Perspectives of Patients, Caregivers and Nurses.
International Wound Journal, 2010. 7(6): pp. 456-465, https://doi.
org/10.1111/§.1742-481x.2010.00715.x.

Hyde, C., B. Ward, ]J. Horsfall, & G. Winder, Older Women’s Experience of
Living with Chronic Leg Ulceration. International Journal of Nursing Practice,
1999. 5(4): pp. 189-198, https://doi.org/10.1046/j.1440-172x.1999.00170.x.

Salome, G.M., V.R. Pereira, and L.M. Ferreira, Spirituality and Subjective
Wellbeing in Patients with Lower Limb Ulceration. Journal of Wound Care,
2013. 22(5): pp. 230-236.

Greenstreet, W., From Spirituality to Coping Strategy: Making Sense of Chronic
Illness. British Journal of Nursing, 2006. 15(17): pp. 938-942, https://doi.
org/10.12968 /bjon.2006.15.17.21909.

Enoch, S., H. Shaaban, and K.W. Dunn, Informed Consent Should Be Obtained
from Patients to Use Products (Skin Substitutes) and Dressings Containing
Biological Material. Journal of Medical Ethics, 2005. 31: pp. 2-6.

Ackumey, M.M,, et al., Help-Seeking for Pre-Ulcer and Ulcer Conditions of
Moycobacterium Ulcerans Disease (Buruli Ulcer) in Ghana. American Journal
of Tropical Medicine and Hygiene, 2011. 85(6): pp. 11061113, https://doi.
org/10.4269/ajtmh.2011.11-0429.

Mulder, A.A,, et al., Healthcare Seeking Behaviour for Buruli Ulcer in Benin: A
Model to Capture Therapy Choice of Patients and Healthy Community Members.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 2008.
102(9): pp. 912-920, https://doi.org/10.1016/j.trstmh.2008.05.026.


https://doi.org/10.1016/s1062-0303(97)90004-2
https://doi.org/10.1111/j.1365-2648.2007.04551.x
https://doi.org/10.1046/j.1471-6712.2001.00018.x
https://doi.org/10.1207/s15327655jchn1701_01
https://doi.org/10.1111/j.1742-481x.2010.00715.x
https://doi.org/10.1111/j.1742-481x.2010.00715.x
https://doi.org/10.1046/j.1440-172x.1999.00170.x
https://doi.org/10.12968/bjon.2006.15.17.21909
https://doi.org/10.12968/bjon.2006.15.17.21909
https://doi.org/10.4269/ajtmh.2011.11-0429
https://doi.org/10.4269/ajtmh.2011.11-0429
https://doi.org/10.1016/j.trstmh.2008.05.026

36

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

A Complete Guide to Maggot Therapy

Alferink, M., et al., Perceptions on the Effectiveness of Treatment and the
Timeline of Buruli Ulcer Influence Pre-Hospital Delay Reported by Healthy
Individuals. PLoS Neglected Tropical Diseases, 2013. 7(1): p. €2014, https://
doi.org/10.1371 /journal.pntd.0002014.

Zwi, K., et al., The Impact of Health Perceptions and Beliefs on Access to Care for
Migrants and Refugees. Journal of Cultural Diversity, 2017. 24(3): pp. 63-72.

Edwards, H., et al., Health Service Pathways for Patients with Chronic Leg
Ulcers: Identifying Effective Pathways for Facilitation of Evidence Based
Wound Care. BMC Health Services Research, 2013. 13: 86, https://doi.
org/10.1186/1472-6963-13-86.

Zulec, M.R.-P, D., Z. Puhari¢, and A. Zulec, “Wounds Home Alone”—Why
and How Venous Leg Ulcer Patients Self-Treat Their Ulcer: A Qualitative Content
Study. 2019, 16, 559. International Journal of Environmental Research and
Public Health, 2019. 16(4): 559, https://doi.org/10.3390/ijerph16040559.

Kapp, S. and N. Santamaria, How and Why Patients Self-treat Chronic
Wounds. International Wound Journal, 2017. 14(6): pp. 1269-1275, https://
doi.org/10.1111/iwj.12796.

World Union of Wound Healing Societies (WUWHS), Principles of Best
Practice: Diagnostics and Wounds. A Consensus Document. 2008, MEP Ltd.:
London.

Gray, T.A., et al., What Factors Influence Community Wound Care in the UK?
A Focus Group Study Using the Theoretical Domains Framework. BMJ Open,
2019. 9(7): e024859, https://doi.org/10.1136 /bmjopen-2018-024859.

Abbas, Z.G., Managing the Diabetic Foot in Resource-poor Settings: Challenges
and Solutions. Chronic Wound Care Management and Research, 2017. 4:
pp- 135-142, https://doi.org/10.2147 /CWCMR.S98762.

KPMG, An Economic Evaluation of Compression Therapy for Venous Leg Ulcers,
2013, AWMA, Editor, pp. 1-52.

Kapp, S. and N. Santamaria, The Financial and Quality-of-life Cost to Patients
Living with a Chronic Wound in the Community. International Wound Journal,
2017.14(6): pp. 1108-1119, https://doi.org/10.1111/iwj.12767.

Searle, A., et al., A Qualitative Approach to Understanding the Experience of
Ulceration and Healing in the Diabetic Foot: Patient and Podiatrist Perspective.
Wounds, 2005. 17(1): pp. 16-26.

Mehica, L., M.A. Gershater, and C.A. Roijer, Diabetes and Infected Foot
Ulcer: A Survey of Patients” Perceptions of Care during the Preoperative and
Postoperative Periods. European Diabetes Nursing, 2013. 10(3): pp. 91-95,
https://doi.org/10.1002/edn.235.

Engel, G., The Clinical Application of the Biopsychosocial Model. American
Journal of Psychiatry, 1980. 137(5): pp. 535-544, https://doi.org/10.1176/
ajp.137.5.535.


https://doi.org/10.1371/journal.pntd.0002014
https://doi.org/10.1371/journal.pntd.0002014
https://doi.org/10.1186/1472-6963-13-86
https://doi.org/10.1186/1472-6963-13-86
https://doi.org/10.3390/ijerph16040559
https://doi.org/10.1111/iwj.12796
https://doi.org/10.1111/iwj.12796
https://doi.org/10.1136/bmjopen-2018-024859
https://doi.org/10.2147/CWCMR.S98762
https://doi.org/10.1111/iwj.12767
https://doi.org/10.1002/edn.235
https://doi.org/10.1176/ajp.137.5.535
https://doi.org/10.1176/ajp.137.5.535

80.

81.

82.

83.

2. Living with a Chronic Wound 37

WHO. A Practical Manual for Using the International Classification of
Functioning, Disability and Health (ICF). 2013. https://www.who.int/
classifications/drafticfpracticalmanual2.pdf.

Palfreyman, S., Assessing the Impact of Venous Ulceration on Quality of Life.
Nursing Times, 2008. 104(41): pp. 34-37.

Bullen, B. and P. Chadwick, Clinical Integration of Maggot Therapy, in A
Complete Guide to Maggot Therapy: Clinical Practice, Therapeutic Principles,
Production, Distribution, and Ethics, F. Stadler (ed.). 2022, Cambridge: Open
Book Publishers, pp. 97-118, https://doi.org/10.11647 /OBP.0300.06.

Stadler, F., The Ethics of Maggot Therapy, in A Complete Guide to Maggot
Therapy: Clinical Practice, Therapeutic Principles, Production, Distribution,
and Ethics, F. Stadler (ed.). 2022, Cambridge: Open Book Publishers, pp.
405-430, https://doi.org/10.11647/OBP.0300.19.


https://www.who.int/classifications/drafticfpracticalmanual2.pdf
https://www.who.int/classifications/drafticfpracticalmanual2.pdf
https://doi.org/10.11647/OBP.0300.06
https://doi.org/10.11647/OBP.0300.19




3. Wound Aetiologies, Patient
Characteristics, and Healthcare Settings
Amenable to Maggot Therapy

Ronald A. Sherman and Frank Stadler

It is important for healthcare practitioners to understand when to
use maggot therapy. This chapter explains the general factors that
determine the choice of wound treatment and how they apply
to maggot therapy: i) the wound characteristics, ii) the patient
characteristics, iii) the environment, iv) the available resources,
and v) the specific characteristics of each available treatment
modality. Beyond the regular healthcare setting, maggot therapy
can make a significant contribution to the treatment of people
with wounds in compromised healthcare settings such as in times
of disaster and armed conflict, in underserved populations, or in
palliative care.

Introduction

There is a great need for improved wound care in both resourced and
compromised healthcare settings. Although not a panacea, maggot
therapy can meet many of these pressing wound care needs. It is
well-established that medicinal maggots have three major actions on
wounds: 1) they dissolve and dislodge dead (necrotic) tissue and debris
(debridement), 2) they kill microorganisms (“disinfection”), and 3)
they stimulate healthy tissue to grow faster, as explained in Chapters 8
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to 10 of this book [1-3]. Therefore, maggot therapy can usually assist in
treating wounds that require any of these actions. Notwithstanding this
broad spectrum of potential indications, it is important for healthcare
policy makers, regulators, and health administrators to understand
the contribution maggot therapy can make to wound care in order
to support mainstreaming of this therapy [4]. It is also important for
healthcare practitioners to understand when to use maggot therapy.

While treatment selection can seem quite complicated at times, the
following general factors should always be considered when choosing
a wound treatment: i) the wound characteristics, ii) the patient
characteristics, iii) the environment, iv) the available resources, and
v) the specific characteristics of each available treatment modality.
Examples of how these factors might affect treatment decisions can be
found in Table 3.1. Using these characteristics as a guiding framework,
this chapter explains when maggot therapy is indicated.

It should also be noted that the specific types of wounds and
situations that are appropriately treated with a particular method or
product are usually based on scientific studies, anecdotal reports,
personal experience, and regulatory approvals. Since maggot therapy is
not officially regulated in most countries, this discussion of indications
for maggot therapy is based primarily on its mechanisms of action and
on published experience.

Wounds Amenable to Maggot Therapy
Wound Characteristics

Necrosis. Most wounds on an otherwise healthy person will heal
quite well despite our choice of therapy. But when dead tissue covers
or fills that wound, then the surrounding healthy tissue cannot fill the
void. What’s more, microorganisms that live and feed on dead tissue,
or under its cover, can multiply and spread beyond these borders,
especially if they can also live in the surrounding live tissue. Even if they
cannot themselves spread beyond dead tissue, their secretions (called
“toxins”) may be harmful to the surrounding live tissue, and may cause
that tissue, too, to become inflamed and/or die, thereby extending the
wound. Although scientific proof is sparse, there is wide agreement that
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Table 3.1 Factors to consider when selecting wound treatments.

Factor Considerations
i) Wound e Infection might require specific antimicrobial
characteristics treatment; aggressive infection might require

immediate resection or at least close daily or hourly
inspection

Dead tissue and debris often require removal
(debridement) before healing can fully transpire

If the wound cannot be visualised completely,
accommodations will need to be made to ensure
that even non-visualised surfaces are cleaned and
disinfected

If vital structures (major vessels, nerves and

organs) are involved, accommodations will need to
be made to ensure that they are not damaged in the
attempt to halt the infection or remove dead tissues

ii) Patient
characteristics

Factors that affect wound healing (i.e., malnutrition,
anaemia, diabetes, peripheral vascular disease)

Factors that affect a patient’s ability to tolerate
surgery or other treatments (i.e., underlying heart,
kidney, liver disease)

Factors that affect a patient’s ability to participate
in the therapy, to the degree that will be necessary
(i.e., ability to consent; physical and mental
limitations on the ability to do dressing changes;
social support at home; financial limitations;
cultural/religious factors)

iii) Environmental
characteristics

Availability of shelter, electricity, refrigeration, clean
or sterile water, transportation

Weather/temperature extremes can impact the
access to or shelf-life of certain products (i.e.,
medicinal maggots cannot survive extreme cold or
hot temperatures unless stored and transported in
temperature-resistant containers)

Physically/structurally stable environment may be
required by certain treatments; this is threatened by
ongoing earthquake aftershocks, wildfires, flooding,
or civil unrest and conflict
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Factor Considerations
iv) Resource e Financial resources available to the individual
availability

e Availability of healthcare insurance

e Level of healthcare resource availability in the
country or region

e Physical ability to access those resources (i.e.,
transportation and accommodation to access care
only available in regional centres; availability of
treatment in the home)

e Availability of adequately trained wound care
providers

e Policies at all levels which affect the availability,
provision and financing of various treatment

modalities
v)Characteristics e Efficacy
of the ’Freatment o Safety
modality

e Cost and likelihood of reimbursement
o Acceptability to the patient and care provider
e Indications and contraindications

e Regulatory status (i.e., whether it is locally
considered to be an approved, unapproved, or
investigational modality)

a wound with necrotic tissue and debris will not easily heal until the
necrotic tissue and debris is removed [5, 6].

Maggots must compete fiercely with other scavengers for limited
resources, and many of those competing scavengers would consume
the maggots, too, if the maggots were found still on the rotting tissue.
The maggots used therapeutically are those that are well-adapted to
quickly remove (and ingest) as much of the necrotic tissue and debris as
possible, and then leave the area. Maggot therapy debrides the necrotic
wound by at least two methods: enzymatic debridement and physical
debridement [7]. The maggot’s digestive juices, rich with proteolytic
enzymes, are excreted into the wound bed and quickly dissolve dead
tissue. Meanwhile, as the maggot crawls about the wound bed, its
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microscopic spines and its modified mandibles (“mouth hooks”)
physically dislodge some of the debris, helping the digestive juices gain
access into the crevices. A more detailed discussion of the maggot’s
debridement action can be found in Chapter 8 [1].

Infection. Given that medicinal blowflies, if living in the wild, would
inhabit corpses, faeces, and other rotting organic matter, it seems logical
that the larvae would have a method for killing infectious organisms,
or else the microbes might kill the maggots. The mechanisms by which
the maggots accomplish microbial killing are covered by Nigam and
Wilson in Chapter 9 [2]. For the purpose of this discussion, let it suffice
to acknowledge that medicinal maggots kill microbes through a variety
of mechanisms including ingestion [8, 9], the secretion of antimicrobial
compounds [10-15], dissolving biofilm [12, 16-21] and altering the
local environment in ways that make it less hospitable to microbial
pathogens [22, 23]. The end result is that microbial populations are
reduced or eliminated [24-26] and clinical infections subside [27, 28].
The antimicrobial effect may even endure well beyond the life of the
maggots [29].

Wound moisture content. Wounds can vary greatly in wetness. Some
wounds are extremely dry; the necrotic tissue covering the wound being
like leather (“eschar”). Other wounds may drain serous (watery), sero-
sanguinous (bloody), or purulent (pus-filled) liquid profusely. The
same wound may switch back and forth over the course of a week. Many
dressings are suitable only for moderately dry wounds, or only for very
wet wounds. Some dressings will not adhere to a wet wound; others are
designed to absorb excess fluid tenaciously, making them superfluous
or even dangerous for use with a minimally moist wound. Medicinal
maggots have no such limitations, though the dressings used to confine
them to the wound may themselves need to be selected or modified to
meet the moisture conditions of the wound and surrounding tissue.
Dressings will be discussed in detail in Chapter 5 [30].

Absence of healing—the chronic wound. Maggot therapy has
been observed to enhance wound healing, even in apparently clean
but stagnant wounds, at least as far back as William Baer’s time [31].
Subsequent clinicians have described, in controlled studies, the rapid
proliferation of granulation tissue and hastened closing of the wound
margins in previously stagnant, non-healing wounds [32-35]. The
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mechanisms known to be involved are described by Nigam and Wilson
in Chapter 10 [3]. More and more therapists are using maggot therapy
to promote healing and closure of chronic wounds, even though the
wounds may not appear grossly necrotic nor infected. Some of the
therapists describe this indication as maintenance debridement, others
say their intent is growth-stimulation. The desired endpoint is the same:
not just a clean (debrided) wound but a clean wound that is healing.

Wounds Treated with Maggot Therapy

Pressure ulcers/injuries. Pressure alone, from lying in the same position
for a prolonged time, or in combination with shear force, can starve tissue
of oxygenated blood which leads to tissue death. Shear may exacerbate
the injury and cause mechanical damage to the compromised tissue
[36]. These injuries lead to open necrotic ulcers that often fail to heal
(Figure 3.1a). Maggot therapy is frequently used to treat pressure ulcers
or injuries, and several controlled studies demonstrate its efficacy [33,
35,37-39].

Arterial ulcers. Factors other than pressure can also prevent arterial
blood from reaching tissue. Primary arterial disease, for example (i.e.,
vasculitis, arteritis obliterans, or thromboses) can occlude arteries and
arterioles, leading to local necrosis of the skin and soft tissue. Many
anecdotal reports support the use of maggot therapy for debriding
these wounds [40-43]. However, without adequate blood flow, healing
cannot occur even in the maggot-debrided wound [40, 41]. Therefore,
the arterial flow needs to be assessed prior to maggot therapy. Even if
arterial flow cannot be restored, maggot therapy can be administered
to palliate ulcer symptoms such as exudate and odour and to prevent
infection, thereby maintaining quality of life.

Venous stasis leg ulcers. Venous disease, too, can lead to skin and
soft-tissue wounds. Venous insufficiency results in legs, for example,
with increased intravascular pressure. The result is that fluid (serum)
leaks out of the blood vessels and into the soft tissue, thereby causing
swelling, pain, itching (trauma and infection from scratching). Oxygen
cannot easily perfuse the fluid-filled (oedematous) leg, and the normal
immune mechanisms (i.e., migration of white blood cells) are similarly
impaired. In the end, skin breaks down more easily, the body does not
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fight the infections well, and healing is impaired (Figure 3.1b). Venous
ulcers are best prevented by compression and elevation of the affected
limb. However, when a person presents with a venous ulcer, then regular
debridement is necessary along with compression and elevation of the
limb. Multiple controlled and non-controlled maggot therapy studies
have described faster debridement (with or without faster healing) of
venous ulcers [38, 44-46].

Diabetic foot disease/diabetes related foot ulcers (DFUs). Diabetes
resultsinmulti-system disease. Neuropathy canlead toincreased trauma,
impaired immunity interferes with the body’s ability to fight infection,
and blood vessel disease greatly inhibits healing (Figures 3.1c, 3.1d).
DFUs require timely and expert assessment to identify the aetiology
and prompt initiation of tailored management [47]. When aetiology is
not ascertained, management will fail to address the underlying cause,
which may lead to amputation [48]. Up to 85% of amputations can
be prevented [49, 50]. Maggot therapy is often used to debride these
wounds and control emerging infections. Several controlled studies [32,
34] and case series [51] have demonstrated significant benefits.

Traumatic and post-surgical wounds. Medicinal maggots are quite
useful in debriding traumatic and infected or necrotic post-surgical
wounds (Figure 3.1e, 3.1f). In an otherwise healthy individual, these
wounds usually heal quite well after initial debridement and infection
management.

Burns. Unlike many other necrotic wounds, burns need to be
debrided acutely (Figure 3.1g). When the burn area is extensive or when
vital structures could be damaged by surgical debridement, maggot
debridement has proven to be a good alternative [10, 52-58]. Burn
wounds are often painful, and maggot therapy is not likely to be less
painful than any other manipulation of the damaged tissue. Therefore,
anaesthetics will be just as necessary during maggot debridement as
during any other form of debridement, and maybe more so.

Undermining wounds, difficult to reach or visualise. Because
medicinal maggots, by nature, crawl into nooks and crannies, they are
very appropriate for treating wounds whose boundaries may not be
easily visualised. Like miners, the larvae will crawl into the depths of
undermined tissue and sinus tracts, debriding within these areas until
they need to return to the surface for air, food (assuming that the area
no longer contains necrotic tissue or nutritious liquid), or to moult.
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Treating undermining wounds with maggot therapy can avoid having
to open a deep cavity for accurate visualisation and debridement.

Body cavities. Similar to undermined wounds and sinus tracts,
medicinal maggots have been used effectively to debride body cavities
with infected necrotic tissue, such as necrotising peritonitis or chronic
empyema [56]. If debridement is not needed in the crevices or out-of-
sight areas of these cavities, it may be possible and preferable to apply
the maggots within sealed mesh bags so that they stay contained and
can be more easily removed, as explained in Chapter 5 [30].

Bones and Joints. Bone infections (“osteomyelitis”) were a common
indication for maggot therapy during the 1930s, when many orthopaedic
surgeons used maggot therapy to perform the “fine debridement” after
the surgeon removed the grossly infected or dead bone [31, 59, 60]. We
now have procedures and antibiotics that make post-operative infections
much less common. Maggot therapy is rarely used for osteomyelitis at
all anymore; osteomyelitis is generally considered a surgical disease,
treated by removing (resecting) the dead bone and by long-term
antibiotics to prevent spread or recurrence of the infection. However,
when surgical resection and/or antibiotics are inadequate or are not an
option, maggot therapy is sometimes used to debride the bone [61-63].
Similarly, infected joints and joint prostheses are generally treated by
removing the infected hardware and draining the infection, along
with antibiotic coverage. But when the removal of hardware is risky or
impossible, maggot therapy has been used alongside the antibiotics to
eliminate the infection [64, 65].

Malignancy. Medicinal maggots dissolve necrotic tissue, but not
viable tissue. In that regard, they are not useful for killing live cancer
cells. However, when a tumour mass outstrips its blood supply and
starts to rot, maggot therapy can be a rapid and effective method for
removing the necrotic mass (Figure 3.1h). Many cancer patients were
able to return to a reasonably normal life in public only after maggot
therapy removed their foul-smelling, draining, painfully infected
tumours [66-68].
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Figure 3.1 Chronic wounds amenable to maggot therapy: a) pressure ulcer,

b) venous stasis ulcer, c&d) diabetic foot ulcers, e) burn, f) surgical wound

dehiscence, g) orthopaedic wound, h) malignancy. Photos: © Steve Thomas,
www.medetec.co.uk.
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Specific Infections

Multi-resistant bacteria. Because blowflies kill microbes through
mechanisms other than those used by typical antibiotics [2], they are
effective in killing pathogens that have developed resistance to those
antibiotics, such as methicillin-resistant Staphylococcus aureus (MRSA)
[66—68]; and multi-resistant Acinetobacter [69].

Fungal infections. Maggot secretions kill or inhibit representative
fungi in the laboratory [70, 71], though very little clinical experience
with fungi has been published [72].

Fasciitis. Several microbes, and especially mixed aerobic and
anaerobic infections, can be highly destructive to soft tissue, causing
necrosis that rapidly extends down to the deep layers of muscle and
bone. Fasciitis is a surgical emergency. Even with immediate resection
of the dead tissue, systemic broad-spectrum antibiotics and intensive
care, the mortality of these infections can still exceed 40% [73].
Frequently, repeated surgical debridement is required, ultimately
leading to destruction or resection of vital structures, and the need
for major anatomical reconstruction, if the patient survives at all.
Maggot therapy has been used successfully to debride these wounds
without unnecessarily harming the remaining viable tissue [74-77]. In
a small but prospective study, patients with Fournier’s gangrene that
were debrided only by maggots if they required more than one initial
surgical resection, not only survived their wounds without the need
for any additional surgical debridement but also avoided the need for
reconstructive surgery [78].

Tropical ulcers (Mycobacteriosis and tropical phagedenic ulcers).
The term “tropical ulcers” collectively refers to painful wounds in
typically malnourished individuals living in tropical climates. The
wounds often follow trauma, and they may be colonised, if not
caused, by Mycobacterium ulcerans (Buruli ulcer, mycobacteriosis) or
Fusobacterium and Borrelia (Phagedenic ulcers, Naga sores) [79]. These
are chronic wounds often with very poor outcomes, though antibiotics
and improved nutrition can be curative. Buruli ulcers (Mycobacterium
ulcerans wounds) often deteriorate following what appears to be
appropriate antimicrobial therapy [80]. Medicinal maggots were
used extensively in the 1930s as an adjunct to surgical resection, in
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the treatment of tuberculous osteomyelitis. It is reasonable to assume
that maggot therapy should adequately debride tropical ulcer wounds
as well, but the efficacy and safety of maggot debridement for these
wounds remain undefined.

The wounds commonly seen in patients living with leprosy (caused
by Mycobacterium leprae) are generally caused by trauma; the leprosy
bacterium is not necessarily within the wound [81]. These wounds
should also respond to maggot therapy, if needed, just like any other
traumatic wound.

Protozoans. Medicinal maggots have demonstrated anti-leishmania
activity in vitro and in animal models [82-85], though no human studies
have been reported. The endemic trepanematoses (i.e., yaws, pinta,
and bejel) can also cause problematic soft-tissue wounds, but penicillin
and several other readily available antibiotics are generally curative.
No experience treating these lesions with maggot therapy has been
published to date.

Population and Patient Characteristics
Population Characteristics

Disaster and conflict casualties. During a disaster or military conflict,
the number of victims often overwhelms the capacity of first responders.
This is the perfect opportunity to recruit fly larvae to assist in wound
care [86]. Often there are insufficient facilities or hospital beds, and
unreliable electricity and water supplies. Again, maggot therapy is well-
suited to these trying circumstances because the larvae require none
of those amenities. However, the supply chains for getting medicinal
maggots to compromised healthcare settings are hitherto non-existent.
Because maggots are highly perishable and cannot be stored for more
than a day or two, attention needs to be paid to their production close to
the point of care in disasters and conflict, or to reliable logistics solutions
that ensure timely and safe delivery of medicinal maggots [87, 88].
Rural, tropical, and medically underserved populations. People
living in sparsely populated or medically underserved regions have all
the same problems as described above, but often in different proportions.
Wounds as a result of infectious and parasitic diseases, burns, and
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traumatic injury are common, as are increasingly wounds related to
cancer, diabetes and cardiovascular disease. Again, maggot therapy is a
great resource when there is a severe shortage of medical staff and other
healthcare resources, provided that reliable supply chains exist to make
maggot therapy accessible to these communities.

End of life and palliative care residents. Death is a part of life
whether in a rural part of the world or in a big city. Most people become
ill or reach an older age before dying. With aging and chronic illness,
organs (including skin) begin to fail. Skin failure is a common pre-
terminal occurrence [89]. As already noted, maggot therapy is a simple
and effective means of treating necrotic, infected, or chronic wounds in
the ill or frail person [90]. Maggot therapy can quickly provide surgical-
quality wound care, at home or in long-term/residential care, at a
fraction of the cost of a surgeon, and be cost-effective when compared
to existing advanced dressings that deliver only limited wound bed
improvement.

Characteristics of Persons with Wounds

Age and gender. Many treatment modalities are not available to persons
with wounds depending on their particular age, gender, or both. For
example, certain antibiotics and other pharmaceuticals should not
be used in children or in child-bearing women, or even in women of
a particular (“child-bearing”) age. Often this is the result of real or
theoretical complications that have been observed in humans or in
animal models. Other times it is simply because the studies supporting
safety and efficacy were performed in populations that excluded these
high-risk individuals. Maggot therapy does not need to be withheld
from anyone on the basis of gender or age [31, 91].

Frailty. Whether due to age or underlying medical illnesses, some
people are unable to endure the physical or mental stress of aggressive
medical interventions such as surgery, anaesthesia, or even frequent
phlebotomy (needles). Even if their cardiopulmonary status is stable,
an underlying problem such as hypertension, obesity, emphysema or
sub-optimally managed diabetes may make surgery and/or anaesthesia
excessively risky [92]. These conditions are not contraindications to
maggot therapy, because maggot therapy does not require general
anaesthesia, and does not put any additional physical stress on the body.
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Prognosis. Non-healing wounds are often seen in people when
they are dying. When managing wounds that cannot heal, including in
people who are dying, the focus of holistic management is to optimise
quality of life and to maintain optimal dignity. Maggot therapy can be
of particular benefit if wounds are infected, foul-smelling, draining,
painful, in need of much care and attention. Maggot therapy controls
the infection, debrides the necrotic tissue, and thereby diminishes or
eliminates the drainage, odour and pain of a necrotic wound or terminal
ulcer. Maggot therapy can provide comfort in these ways, without
adding additional stress to a patient in their last days of life [77].

Need for other medical interventions. Maggot therapy can be
used safely and effectively even in people receiving other drugs
and treatments. Medicinal maggots and their debridement efficacy
appear to be unaffected by antibiotics [93, 94] and most other drugs in
pharmacologic doses, and various medical and life support interventions
[56, 95-97]. In fact, maggots have proven to be safe and effective in
patients receiving anticoagulants or intensive care that made surgical
debridement unsafe [56, 98]. Unpublished anecdotal reports suggest
that medicinal maggots may not survive on animals receiving systemic
or topical insecticides, such as ivermectin or flea and tick treatments. No
work has been published concerning the impact of cancer chemotherapy
on medicinal maggots.

Environmental Characteristics

One of the most favourable aspects of maggot therapy is its flexibility
regarding the care setting. Patients can be treated as in-patients, as
outpatients, in the community, in field hospital situations, and even
in the most austere healthcare settings that lack any medical resources
[31, 86, 99]. This is because the application of, and treatment with,
medicinal maggot dressings does not require energy or sophisticated
equipment. Maggots are also well-adapted to unhygienic environments
and therefore will perform their therapeutic action equally well in the
modern hospital environment, the battlefield, and the disaster zone.
The lack of stable shelter is not an impediment to using maggot therapy
[86, 99]. Maggot therapy will still be effective, even if exposed to the
elements, as long as the maggots receive enough air and the wounds
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are well-drained to prevent suffocation and drowning. Extreme climatic
conditions should not be a deterrent either. In general, if the weather
is tolerable to the patient, it will be tolerated by medicinal maggots
[100, 101]. Wound temperatures encountered by medicinal maggots
will depend on the body region, general condition of the patient and
the environmental temperature, but will in most instances not be lower
than 30°C or exceed 40°C, which is a temperature range that promotes
high activity and rapid growth in medicinal maggots [100, 102] and
lies well below the lethal temperature threshold of around 47°C [103].
Environmental temperature is only a concern during transport of young
medicinal maggots that are deprived of food until they reach the point
of care and patient. To slow down metabolic activity and maintain
optimal health, medicinal maggots should be kept at 6 to 25°C and be
applied to the wound within 48 hours of dispatch [87]. In other words,
most limitations imposed on healthcare provision by the environment,
facilities, or equipment will have little to no impact on the work of the
maggots.

Resources

Social resources. Social support systems are occasionally called into
play to help with medical issues. In some parts of the world, patients are
discharged to home while still recovering. Friends and family may need
to assist in the care of their loved ones at home or in the hospital. Maggot
therapy is simple enough that dressings can be applied, maintained,
and/or removed by the patient or the patient’s caregivers [104].

Financial resources. Without financial resources, the purchase of
specialised medical supplies can seem like an insurmountable problem.
Fortunately, medicinal maggots are not very costly to produce (except
when regulatory agencies are involved). Many labs provide free or
subsidised larvae to patients with limited finances. Some therapists
procure larvae themselves when a commercial product is unavailable
[99, 105]. Even when financial resources are sparse, maggot therapy
remains a viable and cost-effective solution for wound care.

Moreover, the use and application of medicinal maggots requires no
electricity, no batteries, no running or sterile water, and no refrigeration
[86,99]. Maggot dressings can be made from materials readily available
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at any facility that is modestly prepared to manage wounds (e.g. gauze
and tape). While specialised or maggot-specific dressing supplies can
simplify the application of maggot therapy, such amenities are not
required. Please refer to Chapter 5 [30] for a discussion of dressing
options.

Summary

While maggot therapy isnota panacea and will not resolve the underlying
causes, particularly of chronic wounds, it is appropriate for the treatment
of a wide variety of infected, necrotic, non-healing skin and soft-tissue
wounds. Maggot therapy may also be used for acute wounds in need
of urgent debridement, and non-necrotic wounds that simply will not
close. In all of these situations, maggot therapy has proven to be very
effective and relatively safe, at a low or reasonable cost. Maggot therapy
can make a significant contribution to the treatment of people with
wounds in disasters and armed conflict, in underserved populations,
and in palliative care. With respect to patient characteristics, maggot
therapy is also highly accommodating as it can be used to treat people
of all ages, genders and levels of frailty. Indeed, it should be a treatment
of choice for debridement and wound maintenance where people are
unfit to endure general anaesthesia or are at their end of life. Moreover,
medicinal maggots can be deployed in both high- and low-resource care
settings irrespective of healthcare infrastructure and hygiene levels as
they do not require any special facilities, resources, or highly-skilled
personnel. Table 3.2 provides a summary of the ideal wound dressing
characteristics, and how maggot therapy compares favourably to that
ideal.

Table 3.2 The degree to which maggot therapy compares with the ideal
wound dressing.

The ideal wound dressing ***** | How maggot therapy compares

Effective for many wound types ooRAE

Safe for healthy wound tissue bk

Can be applied by non-healthcare
professionals

HRKAK
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The ideal wound dressing ***** | How maggot therapy compares

Can be applied with minimal N

training
Low environmental impact ek
Low cost o

Safe for healthy surrounding

AN

tissue

Low maintenance ok
Simple to discard e
Patient/cultural acceptability o

Healthcare provider acceptability |*

Easy availability /convenience *
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4. Indications, Contraindications,
Interactions, and Side-effects of
Maggot Therapy

Ronald A. Sherman

Maggot therapy is not regulated in most countries, but in
those countries in which it is regulated, indications authorised
by regulating bodies are the law of the land. Irrespective of
particular jurisdictional limitations, this chapter describes when
maggot therapy can be used, when it can’t be used, potential
adverse events, and when treatment can proceed with caution.
The chapter also examines how medicinal maggots interact with
concomitant treatments such as systemic antibiotics, anaesthetics
and narcotics, or hyperbaric oxygen therapy. Evidence and expert
advice suggest that maggot therapy is a safe and widely applicable
wound care modality with few side-effects, most of which can be
avoided or successfully managed.

Introduction

The terms “indications” and “contraindications” are short-hand for:
when should maggot therapy be used and when should it not be used?
When deciding whether or not a medical product should be used, it is
critical to keep in mind who is issuing the recommendations. For the
purposes of the following discussion, two groups of authorities will be
referenced: regulators and experts. Maggot therapy is not regulated in
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most countries, but in those countries in which it is regulated (primarily
North America, much of Europe, and several countries in the Middle
East and Asia), indications authorised by regulating bodies are the law
of the land. Indications issued by regulatory agencies tend to be more
restrictive, and the use of maggot therapy for anything other than what
is specifically authorised is considered “off-label”. Off-label use of a
product by a licensed care provider is not illegal, but it does put one
at legal or professional risk if it is not in keeping with standard-of-care
practice by one’s peers and licensing boards. In countries where maggot
therapy is not formally regulated, therapists are free to follow the advice
of experts. In this chapter, indications recommended by experts but not
approved by regulatory agencies will be clearly identified.

Indications for Maggot Therapy

As described in Chapters 8 to 10, medicinal maggots have been found
to debride wounds, kill microbes, and stimulate wound healing [1-3].
Therefore, many experts around the world use maggot therapy for any
or all of those purposes. In those countries where maggot therapy is
regulated by health ministries, maggot therapy is approved only for
wound debridement. Specific examples will follow.

Debridement

Wound debridement is the removal of dead (necrotic) tissue and debris
from the wound. Sharp debridement with scalpels removes dead tissue
mechanically, by cutting it out. Enzymatic debriding ointments remove
the dead tissue by enzymatically dissolving it [4]. Necrotic tissue can
also be removed by blasting it with a jet of water (hydrosurgery) [5] or
with pulses of ultrasound [6]. Autolytic debridement involves dressings
which potentiate the body’s own mechanisms (mostly enzymatic) to
dissolve and discharge the dead tissue [7]. Maggot therapy rids the
body of necrotic tissue and debris by both mechanical pathways (the
physical action of the maggots’ cuticular spines and mouth hooks) and
enzymatic pathways (liquefaction of the necrotic tissue by the maggots’
secreted and excreted digestive enzymes).

In the U.S., where medicinal maggots are regulated by the Food and
Drug Administration (FDA), cleared indications are for “debridement of
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non-healing necrotic skin and soft-tissue wounds such as pressure ulcers,
neuropathic foot ulcers, chronic leg ulcers, or non-healing traumatic or
post-operative wounds.” These indications broadly cover a variety of
necrotic and non-healing wounds, such as those described in Chapter
3 [8]. FDA-cleared indications noticeably exclude the debridement of
“hard tissue” (bone) as well as the use of maggots for anything other
than debridement. Yet, many experts will sometimes resort to maggot
therapy when certain modalities fail to achieve adequate disinfection or
wound healing, whether or not debridement is also a major goal.

Disinfection

Microbial infection is a common feature of chronic wounds. If notalready
infected, most non-healing wounds will eventually become infected by
invading bacteria or fungi. After all, necrotic tissue, by definition, has no
circulation and no defence against microbial invaders, and it provides
a moist, nutrient-rich substrate for microbial growth. As has been
discussed in Chapter 9 [2], medicinal maggots kill a wide variety of
microbes through ingestion and through the secretion of antimicrobial
compounds, which is why maggot therapy is commonly used to debride
infected necrotic wounds, and to treat chronic wounds whose primary
problem is non-gangrenous infection. Chronically infected wounds are
typically characterised by drainage, pain, and bad odour. When treated
with maggot therapy, all three of these characteristics substantially
decrease or resolve.

Examples of infectious complications that are not easily treated with
antibiotics include wounds populated by multi-resistant organisms
or biofilm. There are now multiple laboratory studies of maggots’
antimicrobial activity, but relatively few controlled clinical studies. Still,
a few controlled studies and several case series demonstrate clinically
relevant antimicrobial effects of maggot therapy [9-18].

Growth Stimulation

For nearly 100 years, maggot therapy has been observed to enhance
wound healing, even in apparently clean but stagnant wounds.
Clinicians and researchers have described the rapid proliferation of
granulation tissue and hastened closing of the wound margins in



66 A Complete Guide to Maggot Therapy

previously stagnant, non-healing wounds [19-23]. The mechanisms by
which growth stimulation and wound healing are enhanced by maggot
therapy are described in Chapter 10 [3]. As a result, some therapists
consider non-healing wounds—even those without necrotic tissue or
obvious infection—to be appropriate candidates for maggot therapy.

Additional Situations

Maggot therapy is also useful for situations that may not fit neatly into
the specific categories of debridement, disinfection and wound healing.
Maggot therapy may be used for two or three of these indications
simultaneously, and it may be used for non-healing wounds with
no obvious infection or gangrene. Often therapists turn to maggot
therapy only after conventional therapy has failed or is unavailable.
In published studies of patients who failed conventional wound care
and were scheduled for amputation but given a trial of maggot therapy
instead, at least 50% of those patients healed their wounds and avoided
amputation [24]. This has led many therapists to believe that a non-
emergency amputation due to a non-healing wound may itself be an
appropriate indication for a trial of maggot therapy. Of course, outcomes
are even better when wounds are treated with maggot therapy before
they progress to the point (and the underlying circulatory status has
regressed to the point) that they are earmarked for amputation.
Maggot therapy is useful in treating wounds that are undermined,
difficult to visualise, or connected to inner-body cavities [22]. Ordinarily,
such wounds might be opened widely (“surgically filleted”) to view
them completely before cleaning them out. When that is not feasible
without significant damage to nearby vital structures, some therapists
apply medicinal maggots to the wound entrance so that they will
explore the entire inner cavity, looking for and dissolving infected,
necrotic tissue. Since medicinal maggots are obligate air breathers and
since their natural instinct is to leave the host when satiated or when
there is nothing more to eat, they can be considered self-extracting.
Maggot therapy is also indicated for patients who would benefit from
surgical debridement but are too frail [22]. Even patients at the end of
life or with wounds unlikely to heal can benefit from maggot therapy,
if they are suffering from chronic wounds that are painful, draining,
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malodorous, or require resource-intense treatments [25]. Since maggot
therapy can be applied by non-professionals and outside of medical
facilities, many patients with non-healing wounds who lack access to
such resources are appropriate candidates for maggot therapy [26-28].

Contraindications and Relative Contraindications for
Maggot Therapy

There are relatively few absolute contraindications for maggot therapy.
One soft-tissue wound to which they must not be applied is a corneal
ulcer, because the maggots’ cuticle and mouth hooks are likely to scratch
and damage the corneal surface. Maggots are obligate air breathers,
so they cannot be placed within a closed cavity, such as an abscess.
However, if that abscess is opened and allowed to drain, the maggots
could be placed on the surface of the drained abscess, if desired. Maggot
therapy is generally contraindicated for sterile cavities, but most sterile
cavities should have no reason to undergo maggot debridement.

The anatomy and location of the wound can affect dressing selection,
but generally is not itself a contraindication, except as described above.
For example, a toe or anterior foot wound cannot easily be covered
with a sheet of net fabric to confine the maggots because affixing it to
the surrounding tissue would result in multiple wrinkles and tunnels
through which the maggots might escape. In this case, a stocking-like
dressing might be used instead, and affixed proximally to the foot or
ankle. Similarly, a wound very near to an orifice might be of concern
if the maggots posed a danger to that particular orifice (mouth or
tracheostomy, for example). Again, this may be a contraindication to a
dressing that requires a sizeable border to adhere to the periphery of the
wound, but need not be a contraindication to maggot therapy in general,
because a different dressing could be used: maggots contained within a
bag [29].

Rapidly advancing, life- or limb-threatening infections are not
appropriate for maggot therapy. In these cases, the standard of care
is surgical resection and broad-spectrum antibiotics. Maggot therapy
is not appropriate, even in combination with first-line surgical and
medical therapy, if it will interfere with the critical close and frequent
observation of the wound. Once stabilised, maggot therapy may be
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appropriate to debride the necrotic tissue without harming nearby vital
structures [22, 30-34].

Maggot therapy is generally reserved for skin and soft-tissue wounds;
maggot secretions do not dissolve tendons, fascia or bone efficiently.
That said, when surgical resection is not feasible because of patient
frailty, or lack of surgical expertise in compromised healthcare settings,
maggot debridement of wounds that include necrotic harder tissues can
be quite useful [22, 35-37].

Because maggots are aerobic creatures, they are susceptible to
drowning and suffocation. Maggot dressings must be highly permeable
to air, and allow the efflux of purulent drainage. Medicinal maggots
must not be covered by occlusive dressings (i.e., “semi-permeable”
transparent membranes, hydrocolloid and hydrogel pads, etc.) or
else they will die. They may also suffocate if applied to wounds along
with ointments (petroleum jelly, zinc oxide, silver sulfadiazine, triple
antibiotic ointments, etc.), if the oily substance covers the maggots’
breathing holes (spiracles).

Interactions between Maggot Therapy and Other
Treatment Modalities

The viability and debridement capacity of medicinal maggots have
been tested under a wide variety of conditions. Under controlled
laboratory conditions, medicinal maggots fed increasing concentrations
of antibiotics were found not to be affected by pharmacologic doses of
any of the tested antimicrobials [23, 38]. Insecticides, however, can be
lethal and should not be used during or within two half-lives prior to
application of medicinal maggots. Hyperbaric oxygen therapy (HBOT)
has been shown to be lethal to very young larvae, but not to older larvae
[39]. Therefore, for patients receiving HBOT, maggot therapy should be
administered during the non-diving days or else the larvae should be
late-second or early-third instars before the patient re-enters the HBO
chamber. As discussed in more detail elsewhere in this chapter, bleeding
can sometimes occur with maggot therapy. Blood thinning medication
puts those patients at increased risk for more significant blood loss
(haemorrhage).
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Some drugs—especially drugs of abuse—may be present in the
blood or tissue without the awareness of the therapist and maybe even
without the complete awareness of the patient. Maggot growth and
survival has been assessed in the presence of a variety of narcotics and
anaesthetics [40-42]. While most of these will have some effect on the
larvae, they are generally not lethal in the doses tested, and medical
maggots should still do their job.

Most other contraindications are really “relative contraindications”.
In other words, the benefits of maggot therapy must be weighed
against the risks (which we call “adverse events”). Those risks may be
greater in some patients than in others... so great as to be considered
a contraindication to maggot therapy. We will discuss such relative
contraindications within the context of the underlying adverse effects.

Warnings and Adverse Events Associated with
Maggot Therapy

All things considered, there are relatively few serious complications
associated with maggot therapy (Table 4.1), and they are certainly not
as serious nor as numerous as those that can result from the wounds
themselves, in the absence of maggot therapy. The best way to avoid
these adverse events is to understand the patient and their medical
history, understand the nature of maggot therapy, and to read all package
inserts carefully before using the products. In this way, adverse events
can often be avoided or their risks minimised. For example, by reading
the package insert it might be discovered that one of the ingredients
is something to which the patient may be allergic. This could be a
contraindication to therapy. But if the therapist identifies the problem
in advance, a special preparation can probably be made to avoid that
ingredient, thereby eliminating the contraindication.

The most common adverse event associated with medicinal maggots
is wound pain. Discomfort or pain has been reported in anywhere from
5-30% of patients already experiencing wound pain [ 21, 43—-47]. Maggot-
associated pain or discomfort usually does not manifest until about 24
hours into the therapy, but then increases as the larvae grow larger.
Patients that are at risk of experiencing pain can easily be identified (and
prepared) in advance, because they are the patients with painful wounds
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Table 4.1 Adverse events and contributing factors (after Sherman [43]).

infection; inadequate
maggot dosage;
inadequate disinfection
of larvae.

Adverse Event or Contributing Causes Treatment
Complication
Pain Pre-existing wound Liberal analgaesics;
pain; large larvae. remove the larvae for
immediate pain relief.
Infection Pre-existing wound Suppress Pseudomonas

aeruginosa with topical
antiseptics prior to
maggot therapy;
concurrent antibiotics;
check adequacy of larval
disinfection.

Hepatic encephalopathy
or other mental status
changes

Underlying hepatic
insufficiency; high
maggot burden; sepsis.

Check for bacteraemia,
serum ammonia; remove
maggots.

Excessive bleeding

Coagulopathy; necrosis
involving major vessel.

Remove maggots; find
and stop source of

bleeding.
Hypersensitivity Allergy to medicinal Check beforehand;
reaction (local or maggots (i.e., their remove immediately and
systemic) media) or the dressings. |treat reaction.

Tissue invasion

Inappropriate species.

Remove maggots; check
species.

who already receive analgaesics during dressing changes or maybe
even constantly. Patients should be given liberal access to analgaesics
during maggot therapy and offered the opportunity for early removal of
dressings upon their request. If systemic analgaesics no longer control
the pain, remove the maggot dressing to achieve immediate relief. With
these two provisions, patients often cope much better with therapy-
related pain and are more satisfied with their experience, even if they
do have pain (personal experience).

Patients may be allergic to fly larvae, their media, or the accompanying
dressing components. Patients allergic to the maggots or dressing
materials may manifest contact dermatitis or more serious immunologic
reactions. Patients known to be allergic to media ingredients should
not be treated with those constituents; alternatives usually can be
substituted. When in doubt, communicate with the manufacturer.
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Pseudomonas aeruginosa and some other hardy gram-negative
organisms appear to be more resistant to maggot therapy than other
microbes [48]. Situations have been reported in which a P. aeruginosa
infection has actually spread through the wound during maggot
therapy. Some experts believe this may occur as a result of maggot-
induced killing of the other microbes, leaving the P. aeruginosa to grow
without competition. When treating wounds with P. aeruginosa infection
or colonisation, it is recommended that topical anti-pseudomonal
antiseptics (i.e., acetic acid, sodium hypochlorite, etc.) be applied for
a day or two before maggot debridement, to decrease the P. aeruginosa
population. Also, a greater density of maggots in the wound is more
effective in killing P. aeruginosa [48]. Therefore, a high dose of maggots
(10+ larvae/cm?) should be applied when treating wounds suspected
of harbouring this organism.

Mild bleeding is common during maggot debridement, and it is
common that the wound drainage is blood-tinged. However, patients
with coagulopathy (inability to form blood clots and halt bleeding) are
at risk of more substantial bleeding. Maggot therapy in such individuals
should only be performed under close supervision [22, 49]. Maggot
debridement of, or around, necrotic blood vessels may also lead to life-
threatening blood loss if and when those vessels dissolve under the
influence of maggot excretions and secretions [50]. If maggot therapy
is attempted for wounds with uncertain vascular integrity, the patient
must receive close and continuous observation for bleeding, infection,
or thrombosis.

Large maggot burdens in blowfly-infested sheep (>60,000 maggots
per animal) are associated with serious complications (“blowfly
strike”), including elevated serum ammonia levels (presumably due to
the large protein breakdown in the wound) and encephalopathy. Similar
complications in humans were predicted [43] but not seen until 20,000
larvae were applied (against verbal and written advice) to wounds in
a patient with underlying alcoholic hepatic insufficiency [51]. Maggot
loads over 6,000 should probably be avoided, even in otherwise healthy
individuals. Too many maggots in a tight dressing, especially in a patient
with insensate wounds, may exert pressure sufficient to compromise
circulation and cause further pressure-related necrosis [43].

Patients with fever or changes in mental status should be evaluated
for spread of infection (i.e., cellulitis, bacteraemia, sepsis) or hepatic
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encephalopathy (check for elevated serum ammonia level). Maggot
dressings may need to be removed immediately, even if just to facilitate
wound inspection. Patients with infected wounds—especially those with
deep or extensive wounds, and those at increased risk of bacteraemia,
should receive systemic antibiotic coverage during maggot therapy to
prevent sepsis or cellulitis.

The use of maggots that have not been disinfected or were
inadequately disinfected has also been found to pose a risk of local and
systemic infection [52]. Larvae supplied in a single, primary packaging
container are intended for single-use only [53]; they are not to be multi-
dosed nor saved for retreatment of the same patient. Firstly, opening
and retrieving maggots may contaminate the internal environment and
content of the primary packaging container, and secondly, the remaining
maggots will have deteriorated beyond therapeutic effectiveness by the
time the patient requires a follow-up treatment (usually 48-72 hours
later). Medicinal maggots should not be used on more than one patient,
nor be allowed to wander away from their host patient. Once they have
been applied to a patient, they are contaminated with the patient’s
wound flora, and must be discarded as infectious (“biohazardous”)
medical waste.

Summary

Maggot therapy is indicated for the debridement of a wide variety of
chronic wounds. Many experts also recommend medicinal maggots for
controlling wound infections and the promotion of healthy granulation
tissue and reepithelialisation in non-healing wounds. Please refer to
Chapter 15, where Takac and colleagues present examples of successfully
treated patients with before-and-after images [54]. Adverse events are
very uncommon, with the exception of increased pain in patients with
painful wounds. However, a variety of precautions should be taken
when treating patients at risk of bleeding, infection, or the complications
of liver disease. Patients with inadequate blood flow may never heal
their wounds, even if completely debrided by maggot therapy; but we
do not yet know how much blood flow is too little because even patients
with so little blood flow that they are scheduled for amputation often
heal with a trial of maggot therapy.
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5. Medicinal Maggot Application and
Maggot Therapy Dressing Technology

Ronald A. Sherman

Maggot therapy dressings are intended to keep maggots on
the wound during treatment. Some therapists make their own
dressings, others use commercially produced dressings, and
many use both, depending on their patients” wounds. There are
two basic designs for maggot dressings. Maggot confinement
dressings confine the maggots to the wound bed and allow
them complete access to the wound, while maggot containment
dressings totally contain the maggots within a net bag that
facilitates easy handling but does not allow full access to the
wound. This chapter describes the basic principles and goals of
the ideal maggot dressing, and provides examples of how that
ideal dressing can be achieved.

Introduction

The first question most people ask about maggot therapy is: “How
do you get the maggots off?” In fact, removing the maggots is not
difficult because the species employed for maggot therapy are “self-
extracting”—their instinctive behaviour is to leave the host as soon as
they are satiated or as soon as there is no more nutritious food (necrotic
tissue or exudates) left in the wound. Since some of the maggots will
become satiated earlier than others, the real problem is how to keep
the maggots corralled in one spot until the therapist is ready to remove
them all. The solution is the maggot therapy dressing.

There is no one single correct or best maggot dressing. Several
techniques exist, each with their advantages and disadvantages. Several
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different commercial dressings are available, but many therapists
fashion their own dressings at the bedside. This chapter will describe
the basic principles or goals of the ideal maggot dressing, and then
provide examples of how that ideal dressing can be achieved.

Maggot Therapy Dressings—Past and Present

The minimal requirements for a maggot dressing are that it be of a porous
fabric that allows air to enter and fluid to drain out. This is to prevent
the maggots from suffocating or drowning. Also, the dressing should be
constructed in such a way that it keeps the maggots from wandering off
the wound. Ideally, the dressing should also be comfortable, affordable,
and simple to apply, maintain, and remove.

When maggot therapy was commonly used for osteomyelitis and
pus-forming wounds in the 1930s, dressings were frequently constructed
out of metal screens and/or cloth. Loose-knit gauze does not make an
effective barrier because the larvae can easily escape through the large
spaces between the woven fibres. The dressing was usually kept in place
with an adhesive tape (plaster) and sometimes foam padding was
placed between the skin and the maggot dressing [1]. Some dressings
were even made to be re-used for repeat applications of maggots to the
same wound, with a port to put the young maggots in and take the
satiated maggots out.

During the 1990s renaissance of maggot therapy, there was a push to
construct maggot dressings from materials readily available on a medical
ward [2]. Additionally, many of the patients now receiving therapy are
old and frail and have thin sensitive skin prone to tearing. Therefore,
efforts were made to identify materials less traumatic to the peri-wound
skin, which led to the use of hydrocolloid pads as foundations to which
the maggot dressings were then affixed [3]. This and related dressing
designs are still commonly used today. Because these dressings confine
the maggots to the wound but still provide them with free access to the
wound bed and all of its nooks and crannies, they are sometimes called
“free-range” or “confined” maggot dressings (Figures 5.1A and 5.1B).

By 2000, Wilhelm Fleischmann developed and patented the concept
of containing the maggots within a net bag, which could then be placed
over the wound bed without the need for strong tapes or adhesives
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[4]. Contained or bagged maggots (also sometimes called “tea-bag
maggots”) imbibe the liquefied necrotic tissue and wound exudates that
enter the net bag, but the maggots cannot leave the bag (Figure 5.1C).
Differences between these two dressing designs are described in Tables
5.1and 5.2.

Figure 5.1 Three types of maggot dressings. A) Polyester net fabric was glued to
a hydrocolloid pad, the centre of which was cut out to match the wound margins
before placing maggot-impregnated gauze over the wound bed. B) Here, a strip
of hydrocolloid was placed all around the anterior foot, just proximal to the
non-healing toe amputation stump wound. After placing maggot-impregnated
gauze over the wound, a nylon stocking (net) was pulled over the anterior foot
and glued over the hydrocolloid strip. After covering the adhesive border with
water-resistant tape, the excess nylon stocking will be cut off. Many therapists
now use only water-resistant tape, not liquid adhesive, to hold the net in place.
(Pictures by R.A. Sherman, courtesy of the BioTherapeutics, Education &
Research Foundation). C) Maggots are contained within a netted bag. Photos by
R. Sherman, Monarch Labs, CC BY.

Table 5.1 Characteristics of confinement and containment dressings.

Characteristic Confinement Dressing | Containment Dressing
Efficacy Able to access and Valuable for wounds near
more efficiently eyes, mouth, or other

debride undermined |sensitive sites where it is

areas, sinus tracks, and |imperative to avoid escapes
other crevices
Debridement Fast, 48-72 hours Slower, 96 hours (4 days)

Efficiency/Dressing
wear-time
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Characteristic

Confinement Dressing | Containment Dressing

Wound pain

[5-8].

Most analyses are in patients with confinement
dressings; pain occurring in 5%-30%. In the few
comparative reports, there has been no significant
difference in the frequency or severity of pain
between confinement and containment dressings

Escaping maggots

Inexperienced therapists report more escapes from

confinement dressings. Experienced therapists
report no more escapes from confinement dressings
than from containment dressings [7].

Aesthetics

Less acceptable

More acceptable

Cost

Maggots are less
costly to produce, but
additional dressing
supplies may add cost

Contained maggots are
more costly to produce,
but few other dressings are
required beyond a gauze
wrap

Table 5.2 Advantages and disadvantages associated with maggot
confinement dressings compared to containment dressings.

Confined Maggots

Contained Maggots

Advantages

e Maggots have direct
contact with the entire
wound bed, including
undermined areas, sinus
tracts, etc. As a result,
they are more efficient

o Less expensive (less
costly to produce)

e Therapist does not
touch maggots directly;
more aesthetically
acceptable to patients
and therapists

e Faster application

e Do not need peri-wound
skin to support the
dressing
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Confined Maggots Contained Maggots
Disadvantages o Therapist may need to e Maggots have limited
see or touch the maggots direct contact with the
(gloved, of course); less necrotic tissue; cannot
aesthetically pleasing directly access all areas

of the wound bed. As

e Requires a “cage-
9 8 a result, they are less

dressing” to secure the .

efficient

maggots on the wound

e More expensive (more
labour-intensive to

produce)

e Need at least 1em
peri-wound skin to
support (adhere) the
cage-dressing

Applying Maggot Dressings

The method of dressing application depends on several factors, including
the type and location of the wound, the type of dressings to be used (i.e.,
confinement or containment dressings), and the availability of supplies.
Here are descriptions of some common dressing methods, followed by
increasingly more complex methods, each intended to address a typical
problem or complication.

In its simplest iteration, the maggot dressing might be constructed
with a simple breathable or net fabric covering a maggot-laden wound
(Figures 5.2, 5.3 and 5.4). The net can be affixed to the peri-wound skin
with water-resistant tape. When available, a polyester net fabric is very
durable, and provides a known pore size, which is optimally 100 um-160
um: small enough that the larvae cannot escape, but large enough to
allow the thick, purulent drainage to drain easily. A fixed-weave fabric
prevents these pores from expanding. Other fabrics with similar pore
sizes are often described as having a mesh size of approximately 80 to
140. If using a stretchable fabric, the pore size may need to be within
the smaller range to prevent the maggots from squeezing through and
escaping. If such fabrics are not available, one could use appropriate
items of clothing such as a T-shirt, blouse, or shirt (Figure 5.4). But
beware: if the pores are too small, the thick purulent drainage that
accumulates during therapy may not be able to exit through the fabric.
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This could lead to a fluid build-up and drowning of the maggots, or it
could block the pores, which in turn would suffocate the maggots.

The optimal dose of maggots is considered to be 5-10 per cm? (the
upper range is used for wounds with more necrotic or infected tissue).
Medicinal larvae are supplied in primary packaging containers, with
or without gauze [9]. Larvae in tubes can be rinsed out with sterile
saline or clean water and poured onto a piece of gauze or directly onto
the polyester net fabric, which is then inverted and placed over the
wound. When using maggot-impregnated gauze, it is not necessary to
count individual larvae if the gauze is labelled with the concentration
of maggots. Simply apply to the wound bed the amount of gauze that
contains the approximate number of maggots needed.

Since the maggots will liquefy the necrotic tissue, one should expect
a fair amount of wound drainage. To prevent that drainage from settling
on healthy tissue as it flows out of the wound and through the net, the
net should be covered with an absorptive material such as cotton gauze.
The absorptive gauze should not be too thick or else it could obstruct
airflow to the maggots. Wet gauze is not permeable to oxygen, so the
absorptive dressings should be changed when soiled. This dressing
design is sometimes called a “two-layer” maggot dressing: the “cage
layer” on the bottom, and the “absorptive layer” on top.

In order to minimise the risk of peri-wound skin becoming macerated
by the drainage, the peri-wound skin can be coated with a skin protectant
(liquid, fast-drying). Some therapists coat the peri-wound skin with
zinc oxide, being careful to avoid applying it in areas where the adhesive
will need to stick to the skin.

Patients with skin integrity problems (i.e., elderly or malnourished
patients) may develop skin tears when removing strongly adhered tape
(less tacky tapes do not hold the maggot cage layer securely enough to
prevent maggots from escaping). Therefore, many therapists do not tape
the net directly to the skin. Rather, they first place strips of hydrocolloid,
hydrogel, or tissue-friendly tape on the skin, and then tape or glue the
net to those strips. Alternatively, a hole is cut in a hydrocolloid pad such
that the pad now surrounds the wound and completely covers the skin
around the wound, such that the larvae are not able to crawl out of the
wound and onto the normally innervated skin (Figure 5.1A). This will
prevent the itching, tickling, or pain that sometimes occurs when no
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such barrier blocks the maggots from accessing healthy skin. Though
pre-manufactured maggot therapy confinement dressings can be
purchased commercially, they are relatively simple and often less costly
to construct at the bedside with locally available materials [2] (see also
Figures 5.2, 5.3 and 5.4). While this system works well for flat wounds,
the flat fabric does not conform well to circumferential leg wounds or
stump and foot wounds. For such three-dimensionally challenging
dressings, alternative net fabrics such as net bags (performing a sock
or glove function) or nylon stockings (Figure 5.1B) may be used [3],
or even clothing items (Figure 5.4). In rare instances, non-permeable
dressings may be used [10, 11] as long as a source of fresh oxygen can
be passively or actively circulated through the dressing.

Since maggots within a containment bag (bagged maggots) do not
require additional confinement, they are faster and simpler to apply.
The bags of maggots are simply laid over the wound bed and then held
in place with gauze wrap or taped gauze pads. The larvae still require
plenty of air, and an absorptive dressing layer will need to be changed
daily and whenever soiled. In addition, it is recommended that the larvae
be provided with water or saline to prevent dehydration, especially
during the first day or two. This hydration can be provided by spraying
the bags of larvae during the dressing or re-dressing procedure, or by
covering them with moist gauze instead of dry gauze [12].

Figure 5.2 How to make a free-range maggot dressing at the bedside using
adhesive glue. 1) Place a hydrocolloid pad over the peri-wound skin, with a hole
cut out to correspond precisely to the wound perimeter. Alternatively, tape or
another simple adhesive could be used to surround the wound. 2) Apply liquid
adhesive to the surface of the hydrocolloid pad. 3) As the liquid adhesive sets
and becomes tacky, place maggot-impregnated gauze over the wound bed. To
prevent escape, apply the net over the wound and hydrocolloid pad immediately
thereafter. Apply a second layer of adhesive over the hydrocolloid and net, such
that the first and second layers of glue bond through the pores in the net. A layer
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of water-resistant tape may then be applied over the still sticky hydrocolloid-glue-
net-glue “sandwich”, but not on the skin (not shown). 4) Finally, after securing
the medicinal maggots within their “cage”, place a layer of absorbent gauze on
top to collect the wound drainage (liquefied necrotic tissue and wound exudates).
Change the outer gauze dressing whenever it becomes soiled with drainage
(about every 8 hours) so that fluid does not leak onto the patient’s skin, and
air can continue to reach the maggots through mostly dry gauze. Photos by R.
Sherman, BioTherapeutics, Education & Research Foundation, CC BY.

Figure 5.3 Application guidance for a confinement dressing without adhesive
glue. 1) Clean the wound and peri-wound area with potable water or saline.
2) Cut hydrocolloid sheets into 2-3 cm-wide strips, perpendicular to the two
pieces of plastic film covering the adhesive side of the hydrocolloid. 3) Place
hydrocolloid strips around the wound and as close to the wound edge as possible.
4) Cut fine-mesh medical nylon or polyester netting to size. 5) Attach one side of
the netting to the hydrocolloid border and flip it out of the way. 6) Apply zinc
créme to protect the skin that is not covered by the hydrocolloid. 7) Apply loose
medicinal maggots. If the maggots are supplied without a gauze pad, then use
some water or saline to wash them out of their primary packaging onto a gauze
pad which you apply directly to the wound. 8) Close the netting and secure it on
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the hydrocolloid strips using water-proof adhesive strips. Alternatively, you can
use fast-curing glue to attach the netting to the hydrocolloid. 9) Place a moistened
gauze pad on top of the netting. 10) Secure the gauze pad loosely with a bandage.
11) Place dry absorbing gauze pads on the bandage above the wound to absorb
any exudate during treatment. Secure them loosely with another bandage. 12) The
wound and dressing must be off-loaded during treatment to protect the medicinal
maggots. Replace the outer dressings daily or when heavily soiled with exudate.
13) Removal of dressings and maggots is best done over a large, plastic waste bag
to easily capture fast-moving maggots, dressing materials and water/saline you
may use to rinse the wound. 14) Wash, wipe, suck or pick maggots off the wound.
The most convenient method is determined by the wound morphology, the body
region and experience of the clinician. Clean the wound and surrounding skin
carefully. 15-16) If the wound is free of necrotic tissue, continue regular wound
care, or else repeat maggot therapy. Courtesy MedMagLabs and Creating Hope in
Conflict: A Humanitarian Grand Challenge, CC BY.

Figure 5.4 Application guidance for a standard confinement dressing in low-
resource healthcare settings. 1) Clean the wound and peri-wound area with
potable water. You may boil some water for 20 minutes and let it cool before use. 2)
Apply loose medicinal maggots. If the maggots are supplied without a gauze pad,
you can use some water or saline to wash them out of their primary packaging
onto a gauze pad which you apply directly to the wound. Place some larger
moistened gauze pads on top of the wound. 4) Secure the gauze pads loosely
with a bandage. 5) Use the legs or sleeves of suitable clothing items to confine the
maggots on the wound. Make sure the clothing is finely woven to keep maggots
in. 6) Cut the leg or sleeve section to size. 7) Tape the fabric tube at the upper and
lower end to the leg, making sure there are no gaps for maggots to escape. 8) Place
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dry absorbing gauze pads on the confinement fabric above the wound to absorb
any exudate during treatment and secure them loosely with another bandage. The
wound and dressing must be off-loaded during treatment to protect the medicinal
maggots. Replace the outer dressing daily or when heavily soiled with exudate.
9) Removal of dressings and maggots is best done over a large, plastic waste bag
to easily capture fast-moving maggots, dressing materials, and water/saline that
you may use to rinse the wound. 10) Wash, wipe, or pick maggots off the wound.
The most convenient method is determined by the wound morphology, the body
region and experience of the clinician. 11) Clean the wound and surrounding
skin carefully. 12) If the wound is free of necrotic tissue, continue regular wound
care, or else repeat maggot therapy. Courtesy MedMagLabs and Creating Hope in
Conflict: A Humanitarian Grand Challenge, CC BY.

Dressing Changes, Maintenance & Repair

Guidance for optimal dressing maintenance should always be sought
in the package insert. In general, the goal of maintenance is to ensure
that the maggots are healthy, active, and contained or confined to the
wound. To that end, many authorities recommend dressing inspection
at least once daily, though that inspection need not be done by a health
professional as long as the observer knows what s/he is looking for.

If there is a lot of drainage or soiling of the outer absorbent gauze
dressing, it should be changed in order to optimise aeration of the
maggot dressing and minimise the accumulation or spread of fluids
and microorganisms. It is not uncommon for wound exudate to increase
during maggot therapy and require 2-6 changes or more per day of
the outer gauze dressings. If there is a lot of drainage, the fresh gauze
dressings may be reapplied dry. If there was not a lot of drainage—say
only one or two dressing changes are required per day—the fresh outer
gauze should be moist, in order to keep the maggots hydrated. The outer
gauze dressing should be changed at least once daily.

When the outer absorbent dressing is changed, also inspect the
netted dressings for signs of loosening. Loosened borders can allow the
maggots to escape on their own. Reinforce the dressing with extra tape,
or extend the border with transparent membrane dressing (such as
negative pressure dressing waste). If a hole in the dressing is discovered
and maggots are not seen—especially in a dressing over 48 hours old—
assume that the maggots have escaped. Open the net dressings to check.
If maggots are found, and if they appear not to be satiated (not full size),
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then the dressing can be repaired with tape or a new net, and left for
another day or two longer.

At the time of the dressing change, check on the status of the maggots.
If the dressing is only 24 hours old or less, the larvae may not be visible
if they are feeding down on the wound bed. If the dressing is 48 hours
old, however, then it should be possible to see movement (undulations)
of the maggot dressings, if not the maggots themselves. If no movement
or live maggots are visible between 48 and 72 hours, the maggots may
have escaped or they may be dead. Look for a break in the netting and
repair it, as described in detail, above. If the maggots are found to be
dead, take down the dressing and dispose of the maggots, as described
in the next section. Leaving non-viable maggots in place serves no
benefit and may even increase risks. For example, wound infection may
worsen under a dressing of dead maggots. If the dressing is opened and
the larvae are found to be alive and healthy, then the dressing can be
re-mounted, if desired.

Dressing Duration and Removal

Free-range (confined) maggots mature more quickly than bagged
(contained) maggots. Over 50% of free-range maggots will likely be
satiated and ready to leave the wound by 48 hours. At that point, they
will be near the surface and margins of the maggot dressing, looking for
a way out. Many therapists remove the dressings at that point, because
leaving them in place for longer increases the risk of pain and escapes.
Once satiated, the larvae will spend their time attempting to escape from
under the dressings until they are finally removed. In patients without
wound pain, some therapists chose to leave the maggot dressings in
place for up to 72 hours so that the remaining maggots will provide
additional debridement. After 72 hours, all of the free-range maggots
should have matured, and will be at the surface trying to escape.

When it is time to remove free-range maggots, remember that the
larvae are already lined up at the edges of the dressing, ready and
eager to crawl far away. Therefore, have all needed materials at the
bedside, including wet gauze to wipe up the larvae, and a receptacle for
discarding the larvae. Place a barrier (rubbish bag, incontinence pad,
etc.) under the work area (wound) in order to catch maggots that may
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fall off. Remove the outer absorbent gauze and then gently peel back the
netted dressing as though it were a banana peel. Meanwhile, wipe the
wound with a water- or saline-moistened gauze pad, closely following
the peeled net dressing, sandwiching the maggots between the wet pad
and the dressing that is being removed. Then drop the dressing and
sandwiched maggots into a biohazardous waste bin. If there are any
maggots left behind, they can be removed with the aid of another wet
gauze pad, a swab or water irrigation. If the remaining maggots are
small and appear to be still working to remove more necrotic tissue,
then it would be reasonable to replace a gauze pad over the wound and
allow the last few maggots to continue working for another day. The
gauze dressing can be removed the following day, by which time the last
remaining maggots should be satiated and ready to leave the wound.
Thoroughly rinse the wound with sterile water or saline once all of the
maggots are removed.

Contained maggots grow more slowly, and typically are not satiated
until about 96 hours. Since they are contained, the risk of escape is very
low; but the risk of pain still increases with the duration of therapy
[5]. There is no benefit to leaving the maggots in place longer than the
time that they are feeding, since they will stop secreting their digestive
enzymes when they are satiated. Contained maggots are easy to remove
because they are not running loose. Simply unwrap the outer absorbent
gauze wraps and then remove each sachet of bagged maggots, placing
them in a biohazard bag. Thoroughly rinse the wound with sterile water
or saline.

When the dressings are opened, if the larvae are found to be
dead—or not found at all—pay close attention to the wound bed and
the condition of the dressings, for they can reveal what went wrong.
If few or no maggots are found and there was a breach in the netted
dressing layer, then the maggots likely escaped. If there was no breach
in the maggot dressing, look for evidence of dead maggots—either dead
bodies or remnants of their mouth hooks (little black dots scattered
among the wound bed). If either is found, it is highly likely that most
or all of the maggots died all at about the same time, by drowning or
suffocation. Crushing is also a possibility, but does not commonly kill
all the maggots at the same time.
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If very few or no maggot bodies are found—and, again, assuming that
no maggots escaped—then the maggots may have died slowly, over the
course of 24 hours or more. The causes for this may be more difficult to
pinpoint. Again, the first place to start the investigation is with a careful
examination of the dressing materials to ensure that the maggots did not
suffocate or escape. A clean wound suggests that starvation may have
played a role, and this is not an uncommon occurrence when maggots
are placed on a relatively clean wound for the purpose of maintenance
debridement or growth promotion [13]. The live maggots can survive
on the decomposing bodies of the dead ones, but soon some of the
survivors may, themselves, starve and die. Starvation is not likely to
cause maggots to die unless they are very young. Older maggots, when
starved, can survive, but they do not grow as quickly or as large. Hostile
environmental factors (chemical or physical) are sometimes invoked to
explain mass loss of larvae. A few drugs and wound treatments may
be harmful to the maggots [13]. Specific bacterial or viral microbes
within the wound might be a cause. This has not been demonstrated
clinically, but there is laboratory evidence that certain microbes—at
least Pseudomonas aeruginosa—can produce maggot-lethal virulence
factors [14]. Another possible cause is that the maggots may have been
unhealthy to begin with: too old, too starved, exposed to temperature
extremes, or contaminated. If poor maggot quality is suspected, look
for supporting evidence such as other maggots in the same batch with
similar problems.

Often, a definitive cause for widespread maggot death cannot be
found. Fortunately, mass maggot death is a rare event when dressings
are properly applied, and under these circumstances, a repeat course of
therapy will usually proceed without any problem. Some therapists and
researchers have speculated that mass maggot death may be due to the
host’s immunological response. While allergic reactions are known to
exist in animals, such reactions should repeat themselves in a maggot-
immune wound. As it happens, the rare instance of massive maggot
death even more rarely repeats itself in the same patient, except when
one of the causes listed above goes uncorrected.



92 A Complete Guide to Maggot Therapy

Reapplication or Follow-up Treatment?

Once the maggots have been removed and the wound rinsed, it is time
to determine the next course of action. If necrotic tissue still remains,
it is usually desirable to reapply another course of maggot therapy.
A subsequent course of maggots may be applied straight away (a
useful strategy for out-patients, in order to minimise the number and
inconvenience of visits to the clinic), or the maggots may be re-applied
according to the schedule that best fits the therapist and/or the maggot
lab (for example, every “maggot therapy day” on Monday and Thursday,
or once weekly). Keep in mind that the sooner the wound is completely
debrided, the better the chances for attaining total debridement and,
ultimately, wound-healing. Still, sometimes a patient can benefit from
a break for a day or two, especially when anxiety or discomfort causes
sleepless nights.

It is difficult to define an “average” number of maggot treatments
needed to completely debride a wound because the number of treatments
ishighly dependent on the wound itself. The thicker or deeper the necrotic
tissue and the drier that tissue, the greater number of treatments will be
required; the greater the number of healthy maggots that are placed
on the wound at one time, the fewer will be the number of treatments
required. Most wounds can be completely debrided with one or two
applications of maggots; some may require four or more applications.
One of the most effective ways to hasten the debridement (decrease the
number of treatment cycles required) is to remove as much dry necrotic
tissue (eschar) as possible before applying the maggots. This can be
done with a scalpel, just prior to application of the maggot dressing, or
it can be achieved by softening the existing dry tissue with an autolytic
dressing technique overnight (occlusive dressing, hydrocolloid, etc.).
This process should be fast and simple, done on the day of or the day
before applying the maggots. Spending more effort and time than
necessary for a very crude thinning or softening of the necrotic tissue is
a waste of time and effort, once the decision has already been made that
maggot therapy is the best course of action. The maggots will debride
the tissue themselves, dry or not, within a few days.

If the wound bed is now well-debrided, it is time to begin the
treatment of choice to effect wound closure. Depending on the therapist,
patient and resources, treatment choices can vary widely, and are beyond
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the scope of this chapter. The important thing to note is that there is
no need to delay definitive medical or surgical wound closure after
maggot therapy. Maggot therapy does not increase the risk of infection
or dehiscence, even if wound closure follows immediately [15]. If a
decision about the method of closure cannot be made straight away, it is
fine to apply a tissue-supportive dressing (i.e., saline-moistened gauze,
non-toxic ointments, honey, hydrogels, etc.) until the definitive decision
can be made.

Summary

Maggot therapy dressings are intended to keep the maggots on the
wound until most are satiated and have stopped feeding. Some therapists
make their own dressings; others use commercially produced dressings.
Many therapists use both, depending on their patients” wounds. All
maggot dressings have at least the following characteristics in common:
they prevent the maggots from escaping, they allow adequate amounts
of oxygenated air to reach the maggots, and they facilitate the drainage of
accumulating liquids (liquefied necrotic tissue and exudates). There are
two basic designs for maggot dressings: maggot confinement dressings,
which confine the maggots to the wound bed but allow them complete
access to the wound; and maggot containment dressings, which totally
contain the maggots within a net bag that facilitates easy handling
but prevents the maggots from direct contact with all the nooks and
crannies of the wound. Each has its advantages and disadvantages.
Therapists should use the type of dressing that best meets their needs
and their patients” wounds. Once maggot debridement is complete, the
appropriate and definitive medical or surgical treatment for closing the
wound may begin.
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6. Clinical Integration of
Maggot Therapy

Benjamin L. Bullen, Ronald A. Sherman, Paul |.
Chadwick and Frank Stadler

The integration of maggot therapy into clinical practice is not
a trivial undertaking as it has to overcome social, regulatory,
clinical, organisational, financial, and supply-chain-technical
barriers. For example, rejection of the therapy by patients due
to the “Yuk’ factor is frequently raised as a reason why maggot
therapy will not be feasible. Likewise, logistics problems often
hamper reliable supply. This chapter identifies these barriers and
shows that in some instances they may be more assumed than
real, as is the case with the “Yuk’ factor, and that there are tangible
solutions for the implementation of maggot therapy programmes,
such as supply-chain innovations or socially-minded business
models that prioritise patients over profits. In addition, there is
a growing body of information and training resources available
from medicinal maggot producers, practitioner organisations,
and biotherapy advocates that supports the establishment of
maggot therapy programmes.

Introduction

This chapter describes a range of factors relevant to the adoption and
integration of maggot therapy into clinical practice. Readers of this book
are, perhaps, less averse to considering maggot therapy, however there
is a well-recognised “Yuk’ factor associated with maggots [1-5]. Distaste
for flies or maggots may inhibit healthcare professionals from offering
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this therapy as many assume, or claim, that their patients will not accept
this therapeutic option.

There are also specific logistical considerations associated with
maggot therapy, such as availability, rapid transport of this highly
perishable product, temperature and humidity control during transport
and storage, clinician training, patient and family-member education,
infection control, and waste management, just to mention a few. These
and other potential barriers to adoption are considered throughout
this chapter, with an emphasis on providing pragmatic solutions and
exploring further avenues for implementation.

Fly maggots have been used in wound management ‘from antiquity,’
as colonisation of the wound by wild maggots (myiasis) was welcome,
or maggots were applied to the wound on purpose [6]. Indeed, Mayan
tribes in Central America, the Ngemba Aboriginal tribe in Australia and
the Hill Peoples of Burma were some of the earliest adopters of maggot
therapy [7-9]. Apart from medicinal maggots, there are other examples
of invertebrate species that have been used in wound management
including ant-heads, bees and honey, leeches, and cobweb [10-12].
While suturing of wounds with ant-heads and cobwebs may have
fallen out of common usage, leeches, medical-grade honey, and maggot
therapy continue to be employed today.

Despite myiasis of war wounds being considered fortuitous by
several military surgeons on far-flung battlefields [8, 13, 14], Western
medicine did not see the intentional introduction of larvae until the
American orthopaedic surgeon, William Baer (1872-1931), began his
landmark studies in the early twentieth century. Baer publicly reported
his successful management of chronic osteomyelitis with L. sericata at
a conference in 1929 [15]. A posthumous publication followed two
years later [16], detailing maggot therapy in over a hundred children
with complex wounds and osteomyelitis. While clinical results were
favourable, secondary infection with Clostridium tetani and Clostridium
perfringens led Baer to further introduce sterilisation procedures [16].
Although the origins of maggot therapy are very much non-sterile,
today, medicinal maggots are of high quality and disinfected prior to
treatment.
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Institutional and Professional Considerations

The establishment of maggot therapy services is commonly frustrated
by a lack of support within the wound care team or from administrators
[17]. The Biotherapeutics, Education and Research (BTER) Foundation [18,
19] produce a wealth of resources to support the adoption of maggot
therapy, including template documents to support the development
of policies and procedures (https://www.bterfoundation.org/
policies-procedures-templates).

Wound care is delivered very differently depending on each country’s
systems of care, healthcare-provider blend, and clinical settings. For
these reasons, the introduction of any new treatment is challenging.
Sherman and colleagues [17] identified potential professional
boundaries, including insistence that maggot therapy be applied by
medical professionals and/or within the in-patient setting. These
authors pragmatically recommended compliance and compromise with
such requirements in the first instance, with review after successful
roll-out.

The NHS Five Year Forward View [20] and the NHS Long-Term Plan [21]
that followed both highlighted the need to use innovations to improve
healthcare delivery within the prevailing financial constraints. Whilst
the NHS is often seen as a world leader in developing technologies,
it has also been criticised for the slow implementation, dissemination
and subsequent day-to-day use of innovative technologies. Adoption
timescales must also be shortened from an estimated seventeen years
for new technologies to be adopted at scale by the NHS [22]. Reasons
offered include organisational inertia, local custom and practice. The
slow uptake of new therapies poses a significant challenge in the West
but in resource-limited settings, adoption of new therapies may take
even longer [23]. Patent protection and prohibitive pricing further
contribute to a lack of adoption of new therapies in both high- and low-
resource settings. Maggot therapy is not a novel therapy and has a long
and outstanding safety record and the wealth of supportive evidence
should be highlighted when discussing the adoption of maggot therapy
and overcoming the “not in my backyard” mentality that may prevent lead
clinicians and administrators from initiating this therapeutic modality
[17, p. 29].


https://www.bterfoundation.org/policies-procedures-templates
https://www.bterfoundation.org/policies-procedures-templates

100 A Complete Guide to Maggot Therapy

Increased harmonisation and adoption of regulatory approaches
between jurisdictions may reduce issues associated with views of
maggot therapy as a mew therapy.” The proof required for new
innovations to be adopted into routine clinical use far outweighs the
proof required for established practices. New innovations often require
conclusive, randomised, controlled studies or meta-analysis evidence
before adoption. Whilst at first glance this may appear laudable, the
opposite is true of more established clinical routines or innovations.
Established clinical practices often have low evidence of efficacy and are
instead taken on trust [24].

Regulatory Considerations, Cost and Reimbursement

The cost of maggot therapy treatment and therefore its demand and
availability in a particular location is closely linked to the regulatory
status of the therapy and whether health insurers subsidise it. It is
important for pioneers of maggot therapy in new jurisdictions to
consider this interplay of design production and care systems that
maximise availability and minimise cost to the patient.

Regulators classify medicinal maggots differently around the
world. The Federal Drug Administration (FDA) in the US categorises
them as a medical device, “for debriding non-healing necrotic skin and
soft tissue wounds, including pressure ulcers, venous stasis ulcers,
neuropathic foot ulcers and non-healing traumatic or post-surgical
wounds” [25]. Other countries typically regulate medicinal maggots
as a drug [26]. Consequently, there is a lack of harmonisation across
jurisdictions, which can slow global uptake and implementation of
maggot therapy.

How Healthcare Is Paid for

There are four main models that are important to discuss here because
they have a significant impact on the integration and delivery of maggot
therapy in any particular healthcare setting. These are the Beveridge
model, the Bismarck model, the National Health Insurance model, and
the Out-of-Pocket model [27]. The Beveridge model was first described
in The Beveridge Report: Social Insurance and Allied Services, paving the



6. Clinical Integration of Maggot Therapy 101

way for the development of the ‘Welfare State’ [28]. This had the core
principle of the state being responsible for health and social support. Key
amongst these recommendations was the initial outline of the National
Health Service (NHS). This model provides universal healthcare for
all citizens, free at the point of use, and is financed by the government
through tax payments. This model is currently found in Great Britain,
Spain and New Zealand. The Bismarck model is a non-profit based
insurance system where deductions are made from employees’ payroll
in conjunction with contributions from employers [29]. It must include
all citizens and is found in countries such as Germany, Japan and
Switzerland. The National Health Insurance model is a combination of
the Beveridge and Bismarck models. Funding comes from a government-
run insurance programme that all citizens fund through a premium or a
tax but delivery is through private companies [27]. This model is found
in Canada, for example [30]. In the United States of America (USA),
Medicare is a government-financed programme, funded through
taxation. Medicare is a type of National Health Insurance programme
but with age and situation restrictions, unlike the Australian Medicare
system. Uptake of private healthcare cover is higher in Australia and
the USA than the UK. In the USA, particularly, many individuals also
fall into a fourth, Out-of-Pocket model, or payment-on-receiving-care
model. This model is found in much of the world [27]. In other words,
you pay for care as you receive it. It is used in countries that economically
and organisationally cannot provide any kind of national healthcare
system. In these countries, those that can pay for healthcare can access
it and those who cannot afford it remain sick or die. Examples can be
found in Africa and South America but self-payment is also applicable
for many individuals living in the USA.

Affordability of wound care to the patient is a significant determinant
of maggot therapy programme success. For example, in the UK maggot
therapy is reimbursed and therefore in demand, which means there is
an incentive for a commercial producer to supply medicinal maggots. In
Slovakia, by contrast, EU approval for maggot therapy applies but the
health insurance system does not reimburse the treatment, thus making
the therapy less affordable to patients, in turn making medicinal maggot
supply commercially unviable. In other words, the Out-of-Pocket model
makes it most difficult to provide maggot therapy services, especially
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if the producers of medicinal maggots seek to maximise profit. Within
the wound care context, the National Institute for Health and Care
Excellence [31] states that, in the absence of any robust clinical evidence
to guide choice, prescribers should routinely choose the dressing with
the “lowest acquisition cost” appropriate for the given circumstances.
Maggot therapy is certainly more expensive than dry or paraffin gauze
bandages, mainstays in low-resource settings. However, compared to
other advanced wound therapies, medicinal maggots can be supplied
at a very low cost, provided supply chains are efficient and business
models do not prioritise profit.

Another consequence of high out-of-pocket costs is that the therapy
is seen as a ‘last ditch’ or ‘last resort’ [32, 33]. For example, in the United
Kingdom larvae are now available on prescription which is due to
effective lobbying by the producer and sympathetic clinicians. Courtenay
[32, p. 178] conducted telephone interviews with nurses experienced in
maggot therapy in the UK. One nurse said, “in the majority of cases,
larval therapy was used when all other forms of wound treatment had
failed” and another nurse respondent typified this approach by stating
“we tend to have tried everything else before the maggots, they are the
last-ditch attempt”, and yet another said that “originally, maggots were
last-ditch. They can be first-line treatment now”.

To summarise, in jurisdictions where maggot therapy is approved
and subsidised or paid for through national insurance schemes, maggot
therapy has become a frequently used wound care modality. Effective
lobbying by producers and clinicians who champion the therapy to
secure health insurance coverage is therefore a critical part of the
introduction of a maggot therapy programme in a new jurisdiction. In
places where medicinal maggots are not subsidised, producers must
adopt highly efficient business processes or socially-minded business
models to make medicinal maggots affordable while still ensuring
business viability.

Case Study: Negative Pressure Wound Therapy

There are many differing models of resourcing healthcare and the
confounding issues of differing classification of maggot therapy
have also led to a multitude of different options and complications
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for reimbursement. This too has contributed significantly to a lack of
standardisation of usage. Compare this toanother wound care technology,
developed ata similar time, Negative Pressure Wound Therapy (NPWT).
Initially, NPWT was dominated by the Vacuum Assisted Closure (VAC)
model developed by Kinetics Concepts Incorporated (KCI Medical) for
many years. The consistency of one company lobbying and developing
the technology led to it becoming embedded as established practice.
As a result, they developed standardised guidance and subsequent
evidence. This helped establish the practice of NPWT internationally.
It is, of course, easier to supply and sell a NPWT device to the global
market. While the original VAC units were quite bulky and expensive to
hire, recent competitor systems have a simpler pump (PICO) or spring
mechanism (SNAP) to apply negative pressure and much smaller
dressings and portable containers, respectively, for exudate collection
and disposal [34].

In comparison, “there are few commercial producers of medicinal
maggots around the world and production is mostly small in scale” [35,
p. 2]. The largest commercial producers are Monarch Labs in the USA
and BioMonde in Wales, Belgium, and Germany [6, 36, 37]. Monarch Labs
and BioMonde have established their products and services beyond a
niche category, with maggot therapy now a widely-used and accepted
therapy in these markets.

Logistics and Distribution

Availability of Local Medicinal Fly Species

Logistics and distribution are, perhaps, the greatest factors for the
failure to embed maggot therapy into regular clinical practice, especially
in low- and middle-income countries (LMIC) with poor logistics
infrastructures. It begins with the availability of suitable species in any
particular geographic location. The most commonly used medicinal fly
species are L. sericata and Lucilia cuprina [38], though a wide variety
of blowfly species have been used effectively in the past [39]. Safety
and efficacy are best documented for L. sericata, but in regions of the
world where that species is not native, most authorities believe it is best
to use a local species for maggot therapy, if possible. This is because
despite best efforts, medicinal flies will escape from the lab and from the
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patient’s wound, at some time. From an environmental and regulatory
standpoint, it will therefore be much better to use a fly that is native to
the area. That is why new blowfly species continue to be investigated.
Please refer to Chapter 11 of this book for a detailed discussion of
alternative medicinal fly species and the process of bioprospecting
and research required for regulatory approval and clinical use [40],
and Chapter 13 for guidance on how to collect, identify, and establish
laboratory colonies of appropriate species [41].

Distribution Logistics

It is not unusual for physicians and surgeons to order advanced wound
therapies in ahead of time. Surgical procedures and certainly sharp
debridement can usually be performed at the time of assessment,
however. Medicinal maggots need to be ordered 24 (or more) hours
ahead of intended treatment, depending on the sophistication of
production. As medicinal maggots are perishable and need to be
delivered quickly, ideally within the space of 24 to 48 hours from dispatch
at 6-25°C [42], the need for temperature control is shared with other
advanced wound therapies. Cooling of topical haemoglobin and skin
substitutes may require refrigeration, while some graft products, such
as xenografts, must be frozen [43—45]. In the case of medicinal maggots,
temperature control to within the preferred range during transit and
prior to application may be achieved with cool packs [46]. Any transport
interruptions jeopardise the health and efficacy of medicinal maggots
even if cool-chain packaging is used. This is a problem when servicing
rural and remote locations but is particularly limiting in disaster- and
war-torn environments where demand for maggot therapy mightbe high
but logistics infrastructure is disrupted or destroyed [47]. Furthermore,
a consensus group on the treatment of diabetic ulcers agreed that
maggot therapy requires two or three applications to achieve effective
debridement, necessitating timely reordering for continuation of the
therapy [48]. As a result, a shelf-life of 24-48 hours significantly limits
the ability for sufficient quantities to be ordered in advance for such
repeat treatment. Seamless reordering and supply over long distances
is also more difficult and has limited the ability of any one company to
service a large geographic area from a central location.
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The perishable nature of larvae raises similar logistical issues to
those reported for vaccines and blood products [49, 50]. Cool-chain
distribution via couriers remains the most popular method of delivering
larvae from production facilities to clinicians. It may or may not include
commercial airfreight over long distances. Distribution via military
cargo planes and helicopters [51], though physically very demanding
on the maggots, has been shown to be feasible, as well as transport via
Unmanned Aerial Vehicles (drones) for humanitarian relief missions
[52,53]. For maggot therapy in rural, remote, or compromised healthcare
settings, supply chain and logistics innovations are under development
that either speed up delivery or locate production at the point of care as
described in Chapters 17 and 18 of this book [53, 54].

Treatment Logistics

The application of medicinal maggots and the construction of dressings
that keep medicinal maggots in place is highly adaptable to the healthcare
setting. Chapter 5 explains the basics of maggot therapy dressings,
including the use of ordinary tightly-woven clothing fabrics for maggot
dressings, these days a plentiful resource even in compromised
healthcare settings [55]. After maggot therapy has been commenced,
daily outer dressing changes are necessary to check the viability of
the larvae, maintain a moist environment, and facilitate aeration of
the wound so that maggots do not suffocate beneath exudate-soaked
bandages. Given that a course of maggot therapy takes no longer than
2—4 days, this temporarily increased care burden compares favourably
with collagenase, for example, which typically requires ongoing
application for months on end.

There may also be additional disposal challenges, particularly in
the community setting. After treatment, larvae are usually double-
bagged along with soiled dressing materials and disposed of as clinical
waste. Stadler [35, p. 5] has explained that clinical safety and infection
control are primary considerations rather than “humane treatment of
medicinal flies [...] largely because invertebrate animals have not been
included in research ethics guidelines, and there has been little research
regarding their pain perception, analgesia, anaesthesia and euthanasia.”
For a detailed discussion of the ethics of maggot therapy, please refer
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to Chapter 19 [56]. In the community setting, if clinicians are unable
to collect and return waste to a hospital with clinical waste disposal,
the carefully bagged treatment waste can also be disposed of via the
municipal waste stream.

Patient and Practitioner Factors

Perception and Acceptance

Maggot therapy punches above its weight in terms of synonyms that have
been devised for the sake of social marketing, motivated by the “Yuk’
factor [3-5], which is a “perceived squeamishness and disgust of maggots”
[2]. Among a group of UK Open University students, maggots were
ranked as the sixth greatest anxiety-inducing animal, behind snakes,
wasps, rats, cockroaches and spiders [57]. From a list of 35 animals,
maggots were the most disliked, reported among 46% of respondents
[57]. Hence the use of terms like ‘biosurgery’ and ‘larval therapy’ for
this modality instead of the ‘M’ word. However, fly larvae are maggots
and, at the end of the day, that is the most readily understood term.
Besides, when it comes to the time patients need to be informed about
the therapy, there is no avoiding the fact that biosurgery or larval
therapy involves fly maggots. Therefore, in terms of health literacy and
informed consent, ‘maggot therapy’ and ‘maggot debridement therapy’
are certainly more transparent monikers and have been used in clinical
practice and the literature alike [35]. Besides, the “Yuk’ factor is probably
far more prominent among healthcare professionals. Qualitative
research, conducted by Courtenay [32], found the “Yuk’ factor alive
and well among nurses in the UK, with some expressing concerns
about escaping larvae. This is why the term ‘larval therapy’ continues
to be used, mainly by the UK and European producer BioMonde, and
by researchers from this region. However, phenomenological research
by Steenvoorde [4] suggests that the “Yuk’ factor may be tempered
among adults when prescribed by a trusted medical professional.
Steenvoorde’s survey captured the attitudes of 37 individuals receiving
maggot therapy, none of whom reported negative pre-conceptions and,
having received it, 94% would recommend it to others. This finding is
particularly pertinent as it would appear our patients are less averse
to this therapeutic option than, perhaps, many healthcare professionals
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might expect. Recently, Humphreys and colleagues [2] considered
the opinions of Welsh schoolteachers concerning the introduction of
maggot therapy into primary education to combat the development of
fear of larvae. The authors concluded that introducing maggot therapy
as a concept earlier in life may reduce the “Yuk’ factor seen among older
adults. In the end, the decision as to whether or not maggot therapy
should be initiated should consider wound, patient, and healthcare-
setting characteristics as discussed in Chapters 3 and 4 [58, 59] and the
consent of the patient after factual and unbiased information has been
given [56].

For a patient to be able to give informed consent to maggot therapy, all
potential risks and the potential expectations and benefits for assessment
and treatment must be disclosed, as this will vary for individual patients
with differing wounds and medical conditions. Patient and carer guides
should also be provided, which patients may wish to share and discuss
with members of their family or caregivers. Chapter 19 provides a first-
pass discussion of the ethical dimensions of maggot therapy [56].

Clinical Considerations

A full patient assessment must be undertaken prior to initiating maggot
therapy, including a full and thorough medical history, comprising i)
current medications, ii) known allergies to medications, insects, and
products used in the production of medicinal maggots, iii) an assessment
of the wound type, underlying diseases, and wound processes, and iv)
inspection of the wound bed.

Patients may not be able to accept maggot therapy due to allergies
to certain maggot diets or diet-related religious beliefs and customs.
Fortunately, there is flexibility in the way medicinal maggots can be
produced. Maggots may be fed with meat from a variety of animals
other than pork or beef, or even with meat-free diets, thus allowing
producers and therapists to tailor maggot therapy to the cultural and
religious preferences of the patient [60]. For patients with diabetic
ulcers, glycaemic control should be addressed, as must the specific
challenges associated with offloading a neuropathic wound on the
sole (plantar surface) of the foot or posterior to the heel. Following a
complete neurovascular assessment, activity levels and concordance
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with offloading modalities should be addressed. If pressure cannot be
sufficiently relieved from the wound site, larvae may be crushed by
unrestrained compressive forces when standing, walking or in bed, in
the case of posterior heel ulceration. A range of offloading modalities are
available to reduce direct pressure over the wound site and may include,
but are not limited to, customisable, apertured, semi-compressed
(‘Chiropody’) felt. The presence and degree of arterial disease must
also be considered, and disease-specific national and international
guidance should be followed. Examples include National Institute for
Health and Care Excellence Guidance in England and Wales [61] and
the International Working Group on the Diabetic Foot Guidance [62].
For ischaemic or neuroischaemic foot ulceration, the level and extent of
arterial disease should be determined. There is also a need to consider
whether critical limb ischaemia is present and to determine if there is a
requirement for reconstruction, such as angioplasty or bypass [63, 64].
Venous ulcer assessment also necessitates a thorough investigation for
any co-existing arterial disease, before initiation of compression therapy
[65]. Pressure ulcers should be staged [66] and further requirements for
surgery explored. Pilonidal sinuses, traumatic wounds and necrotising
fasciitis may also be suitable for post-surgical maggot therapy, as are
post-surgical wounds that are slow to heal or those complicated by
MRSA infection [67].

Wound assessment prior to the application of maggot debridement
therapy should be carried out by a qualified healthcare practitioner,
according to local policy. Application and evaluation, however, may
be undertaken by a competent, trained healthcare worker. A freely
available position paper by the BioTherapeutics Education and Research
Foundation [68] describes the competencies desirable in a clinician
treating patients with maggot therapy. It should inform on the training
required of new maggot therapy practitioners. In the UK, free training is
available via BioMonde’s ‘Larval Academy’ and accredited by The Royal
College of Nursing and approved by The Royal College of Podiatry
[69]. The BioTherapeutics, Education & Research (BTER) Foundation in
the USA and The Mexican Wound Care Association also offer informative
and helpful education and training resources on their websites and
through publications to support maggot therapy in these settings [19,
70]. However, even where trained clinicians are in short supply, it has
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been shown that lay providers in low-resource environments with only
basic instructions can support and perform maggot therapy [71].

Organisational Considerations

When introducing maggot therapy, procedures for prescription,
ordering, application and monitoring must be established and key care
structures must be in place to support adoption of this modality.

Prescription and ordering. The process for prescribing and ordering
larvae in the UK has been described in detail in an ‘All Wales Guidance
for the Use of Larval Debridement Therapy’ document [72]. Prescription
and ordering processes and procedures differ between NHS community
and hospital settings. An FP10 prescription order, from a registered
prescriber or doctor, must be raised if maggot therapy is initiated in the
community setting. Hospital orders, in contrast, are typically included
on the patient’s prescription sheet. Community or hospital pharmacists
then contact the company directly to request the appropriate number and
size of maggot containment bags required. Ordering before 2 p.m. will
typically permit next-day delivery, from Monday to Saturday. Different
countries with different healthcare systems have varying medical goods
ordering and procurement practices and medicinal maggot producers
need to tailor their production, supply, and sales practices accordingly
[73].

Interdisciplinary care and communication. Communication
between acute and community services is paramount to ensuring
smooth transition of care, both following discharge from hospital or
when initiating or continuing collaborative care, guided by acute wound
services. Before prescribing and ordering larvae, acute providers must
ensure that suitably trained professionals are able to monitor wound
progress, maintain optimal moisture conditions and change secondary
dressings between pre-scheduled acute service reviews. Daily inspection
is typical and should be supported by both written information sheets
and verbal handover between healthcare professionals. As part of
consent documentation, written information sheets should also
be provided to patients and lay carers, to explain maggot therapy
and address frequently asked questions. Photographs taken before
maggot therapy may further assist in ongoing wound monitoring and
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community colleagues could be invited to attend the initial larvae
application appointment to observe the process and discuss individual
requirements. Reapplication of larvae may be performed following
assessment by acute expert clinicians. For plantar foot wounds, there is
a further imperative to ensure that adequate offloading is maintained
through the course of therapy. While larvae may withstand some direct
pressure, without appropriate offloading strategies they may simply be
crushed and lose viability [48]. Offloading may be achieved with local
application of semi-compressed felt, in combination with deflective
orthoses and offloading devices or footwear.

Summary

Maggot therapy is highly efficacious in eradicating offending bacterial
species, removing tenacious biofilms and slough, and improving
outcomes for people with wounds. Administration of the therapy and
application of maggot dressings is relatively simple and can even be
performed by lay carers provided basic guidance is provided. However,
successful implementation of maggot therapy programmes in any
jurisdiction depends on whether maggot therapy is affordable to the
patient. Affordability may be achieved via health insurance subsidies
or low-cost production and supply. It is easier for producers to make a
profit from medicinal maggots where treatment is subsidised. Affordable
supply elsewhere must resort to socially-minded, for-purpose business
models and/or low-cost production.

Because medicinal maggots are perishable goods and have a
short shelf-life, it has been difficult to supply them on a reliable basis
in places with poor logistics infrastructure. However, it is clear now
that these supply-chain barriers can be overcome with innovative
technologies and flexible supply-chain architectures as explained at
length in this book [41, 53, 54, 74-76].

Rejection of maggot therapy by patients is another often-cited barrier
to its wider use. However, there is good reason to believe that patients
with chronic debilitating wounds have few reservations and are more
than willing to give maggot therapy a try. Rather than assuming a
patient’s aversion, clinicians should base their decision as to whether to
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use medicinal maggots on actual patient preferences, medical suitability,

local wound factors, and cost considerations.
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7. The Natural History of Medicinal Flies

Michelle L. Harvey

When flies are used for therapeutic purposes to treat wounds
(maggot therapy), they may be referred to as medicinal flies.
Species that have been used for maggot therapy or which are
likely candidates for maggot therapy generally belong to the
family Calliphoridae, commonly known as blowflies. These flies
have ecological relationships, life-history patterns, physiologies,
and nutritional requirements that help them exploit cadavers as
well as living bodies. The same adaptations can also be harnessed
to treat non-healing necrotic wounds. This chapter first introduces
the general features of dipteran diversity, morphology, and
biology before a closer examination of the family Calliphoridae.

Introduction

The insect order Diptera is taxonomically and biologically diverse, with
in excess of 160,000 described species across 150 families, including a few
thousand with medical and veterinary significance [1]. The immense
success of the Diptera is evident from their diversity, abundance and
virtual omnipresence across habitats, and is a product of highly variable
morphology, behaviour, and reproductive biology. Many fly species
are closely associated with human activities and settlements. The most
thoroughly studied dipteran species comprise those with detrimental
effects on society, whether for their biting habits, disease transmission,
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or pure nuisance value. A key family recognised for their medical
significance is the Calliphoridae or blowflies.

When flies are used for therapeutic purposes to treat wounds
(maggot therapy), they may be referred to as medicinal flies. Chapter
11 explains the research process leading to the establishment of a
new medicinal fly species [2]. Species that have been used for maggot
therapy or which are likely candidates for maggot therapy generally
belong to the Calliphoridae, with the exception of Wohlfahrtia nuba
(Sarcophagidae) [3] and Musca domestica (Muscidae). The latter species
was successfully used by Chinese physicians to treat a catastrophic hot-
crush injury [4]. Blowflies have ecological relationships, life-history
patterns, physiologies, and nutritional requirements that help them
exploit cadavers as well as living bodies. The same adaptations can also
be harnessed to treat non-healing necrotic wounds.

This chapter will first introduce the general features of dipteran
diversity, morphology, and biology before a closer examination of the
family Calliphoridae.

Life Histories

Broadly divided into two suborders, the lower Diptera and the
Brachycera, the order Diptera is highly diverse in morphology,
biology, and behaviour. Diverse feeding strategies and optimal
microenvironments enable dipterans to invade a large range of
habitats. Their holometabolous life history further contributes to their
taxonomic and numerical abundance. Holometabolous insects exhibit a
complete metamorphosis, a strategy that sees larvae and adults occupy
often disparate habitats with differing feeding preferences, allowing
immatures and adults to avoid competition for a single food substrate
[5]. Metamorphosis from larva to adult generally takes place within
an immobile pupa, with often complete remodelling of external and
internal morphological structures, including digestive and reproductive
systems.
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Morphology
Morphology of the Diptera

Morphology in the Diptera is highly variable and reflective of the
diversity of taxa present in the order [6-8]. The Diptera includes such
divergent taxa as fruit flies, mosquitoes, blowflies, sand flies, bee flies,
crane flies and midges, and their individual life histories, habitats,
feeding and reproductive specialisations necessitate adaptation of
morphology to adequately support their respective biology.

Dipteran adults are nearly all characterised by a single pair
of functional, mesothoracic forewings and modified, club-like,
metathoracic hindwings known as halteres, used largely for balancing
and stabilisation [6], but some may be apterous (wingless). Their
mobile head bears large compound eyes equipped for strong sight in
active flight, and mouthparts often modified into a proboscis or sucking
structure and directed ventrally beneath the insect [1]. Mouthpart
organisation may be highly modified in taxa equipped for biting and/or
blood feeding, with adaptation for rasping, sawing, tearing and injection
of mouthparts into the skin all observed in blood feeders. Antennae may
be variable and exhibit sexual dimorphism (variation between the sexes)
[6]. Legs always bear five tarsomeres and adult genitalia may differ
greatly between taxa, which allows differentiation between species.

Larvae are apodous (lacking true legs), but prolegs may be present
[6]. The larval form may be variously modified for aquatic habitats in
some families (e.g. Culicidae, Simuliidae). Head morphology varies from
a sclerotised head capsule in some taxa through to acephaly (no head
capsule) and an internal skeleton in others. Larvae lack true articulated
mandibles (adecticous), and may metamorphose in a cocoon with
appendages glued to the body wall (obtect pupa) or without forming
a cocoon and with free appendages (exarate pupa) [1]. A sub-group of
the exarate pupae are coarctate, meaning the pupa is contained within
the hardened cuticle of the last larval instar and thus retains physical
characteristics of the last larval form. This includes the Calliphoridae or
blowflies, the subject of this chapter.
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Suborder Morphology

The lower Diptera tend to be more delicate, including the mosquitoes,
crane flies and midges, with long, slender antennae, and some taxa with
aquatic larvae. Larvae of the lower Diptera are usually eucephalic (with
a complete head capsule) [6]. The Brachycera are recognised as having
more robust adult flies, with shorter, aristate antennae. A characteristic
of the cyclorrhaphan flies (a grouping within the Brachycera and focus
of this chapter) is the presence of a ptilinum. This is an eversible,
bladder-like structure situated between the eyes of the adult [6], used
to rupture the pupal casing and allow the emergence of the adult.
Following eclosion of the adult, the ptilinum is retracted but evidence
of its former presence and purpose is retained in the form of the ptilinal
fissure. The bulk of the medically significant Diptera are found within
the Brachycera (Table 7.1). The focus of the remainder of this chapter
will be the family Calliphoridae.

Morphology of the Calliphoridae

Calliphorid adults vary greatly in size and colouration, and this
diversity is reflected numerically with close to 1,500 described species
[9]. Adults are often shiny with metallic colouring or dusted with a
luminescent sheen referred to as pollinosity or pruinosity [10], which
is best observed in bright sunlight. Three-segmented horned antennae,
with a plumose arista and well developed calypters (lobes at the rear
of the forewings) are additional classifying features. Within the family,
key distinguishing taxonomic features include wing venation and
chaetotaxy (bristle arrangement) [10, 11]. Features such as colouration
and size of an individual should be treated cautiously when identifying
a species. Individuals of the same species may be larger or smaller or
look different in other ways because of geographical separation and
adaptation to local conditions, or perhaps because their larvae had
greater or lesser access to food.

Eggs are cylindrical in shape with rounded ends, and are pale
white or yellow-coloured. The chorion (“shell”) bears a median groove
referred to as the plastron, which serves as the respiratory surface of
the organism, and is also the point of weakness from which first-instar
larvae emerge at hatching [5].
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Larvae have a pointed anterior end and a blunt posterior end (Figures
7.1 and 7.2). They are apodous and lack a head capsule, instead housing
an internal cephalopharyngeal skeleton that may be visible through their
relatively translucent integument. Larvae lack mandibulate mouthparts
but the mouth hooks are visibly extended from the head, and are used
to loosen and separate food particles and for crawling. The structure
of the cephalopharyngeal skeleton and associated sclerites may be of
taxonomic value [5, 10]. In terrestrial insects, oxygen exchange occurs
using breathing structures called spiracles, and these are borne in two
places on calliphorid larvae. A pair of anterior spiracles can be found
on the second segment, and a pair of posterior spiracles on the twelfth
segment. The anterior spiracles are absent, or at least non-functional,
in first-instar larvae [10]. The posterior spiracles are taxonomically
important, and their structure may be used to distinguish between the
three instars. The first-instars bear simple spiracles with a single simple
hole, while the second- and third-instars bear two or three pairs of
spiracular slits respectively (Figure 7.1) [7, 10]. The spiracular structure
is considerably more reliable for distinguishing the relative development
of a larva than the use of larval length, width or weight. The integument
is ornamented with spines or scales that circle the insect in bands, and
may be used taxonomically. Between each larval instar, a moult occurs,
enabling larvae to shed their constrictive integument and continue to
feed and increase in size in the next stage.

Figure 7.1 Posterior spiracles of third-instar calliphorid larva, showing three pairs
of spiracular slits. Photo by M. Harvey, CC BY-NC.
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Pupae of calliphorid flies are coarctate, which means that they are
retained within the last larval cuticle. At the end of the third-instar
phase, this cuticle sclerotises (hardens) and becomes a dark brown
colour (Figure 7.2), providing a tough, hydrophobic casing called
the puparium. Within the puparium, the larva undergoes extensive
remodelling of tissues and organ systems in order to transform into an
adult fly (metamorphosis). During this stage, taxonomically important
features of the larva are retained on the outside of the puparium [10],
and the mouth hooks do not fuse with the puparium.

Figure 7.2 Larvae, pupae and adult calliphorid flies. Photos by M. Harvey, CC
BY-NC.

Life-cycle and Developmental Traits of
Calliphorid Flies

Adults: Attraction and Oviposition Behaviour

Calliphorid females lay eggs in batches of varying size on a nutritionally
attractive substrate; frequently a microbially dense, moist surface suitable
as a food source for offspring. Individual species have geographical
ranges that reflect their species’ biology, generally governed by
availability of potential food sources, ambient temperature range, and
humidity. When seeking a suitable surface upon which to lay, females
are attracted to matter in a particular state of decay, and other factors
such as indoor/outdoor/direct sunlight and the presence of fleece/hair
on the body surface of the host may also be relevant [5]. How attractive
a food source is may also be dependent on microbial contamination of
that food. Volatile (easily evaporating) compounds taken from substrate
colonised by non-sterile larvae are highly attractive to Lucilia cuprina,
compared to volatiles from substrate infested with microbe-free larvae
[12].
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The femaleslocate asuitablelarval food source using highly developed
chemoreceptors located on their antennae [5]. These receptors enable
the flies to detect a food source from a considerable distance—some
studies have indicated attraction of gravid (ready to deposit offspring)
females from up to 63km away [13], demonstrating their ability to locate
an ephemeral resource with high efficiency. Individual species may
exhibit preference for substrate in a particular state of decay, as reflected
by its odour, thus the condition of the substrate will determine which
species is likely to colonise it. Dry substrate generally lacks appeal [5].

Females may also be attracted to a suitable substrate by pheromones
from females of the same species, resulting in an accumulation of eggs in
a single spot. Thus, the attraction of a single female to a suitable site may
result in large aggregations of eggs [14]. As eggs are laid on top of each
other, they protect each other from drying out [5]. The number of eggs
laid by a female is thought to vary for different resources depending
on the level of competition anticipated and other environmental factors,
with the obvious goal being to maximize offspring fitness [15]. It has
further been shown that female flies may be attracted by interkingdom
bacterial swarming which signals the presence of a suitable food source.
For example, swarming Proteus mirabilis attract female greenbottle
blowflies (Lucilia sericata) [16].

Not all calliphorid fly species lay eggs. Indeed, there is a bewildering
variety of reproductive strategies. While some (oviparous) species
lay eggs directly on the food source in batches up to several hundred
per fly [17], other species, particularly those found in more extreme
climates, may be larviparous and deposit live larvae or ovoviviparous
and deposit live larvae ensheathed in a chorion that hatch almost
immediately on deposition. Such species exhibit lower batch sizes
due to increased maternal investment, but egg desiccation is avoided
and larvae can immediately commence feeding. This allows species
to capitalise quickly on the presence of an ephemeral and high-value
resource, thus providing a competitive edge to their offspring as they
commence development ahead of egg-laying species [18, 19]. Oviparous
females have been shown to lay approximately 150-180 eggs per
oviposition event, with larviparous species producing approximately 50
offspring per event [5, 20, 21]. Some species exhibit both larviparous
and oviparous reproduction. [17,20]. In a study of Calliphora dubia, 70%
of females laid only live larvae, 14% laid eggs and larvae concurrently,
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and 16% laid only eggs, with all eggs nonviable due to the females being
too immature [17]. Mackerras [20] also reported that Calliphora augur
eggs were produced before females were ready to larviposit and the
eggs were consequently not viable. Furthermore, ovoviviparous females
have the ability to resorb larvae when no suitable laying site is present
[17]. To make matters even more complicated, oviparous females can
lay live “precocious” larvae that develop within the oviduct and are
consequently many hours older than all other offspring [5, 22].

Female flies must consume protein-rich food soon after their emergence
as an adult. This is referred to as anautogeny [5]. Without such provision,
their ovaries do not mature to produce fertile eggs but males are fertile
regardless of diet [20]. It costs a lot of energy to fly and therefore adults
must consume copious amounts of sugary food in the form of nectar,
which makes them important pollinators of crops [23, 24].

Larval Development

Larvae digest food externally by secreting enzymes and bacteria that
breakdown and liquefy the food source which is then ingested [5]. This
is critical given the simplicity of their mouthparts and modification
of their digestive system into a straight-forward, tube-like structure.
Ammonia is their primary excretory product. Larvae push deep into
flesh, necrotic tissue or other substrate while their back ends remain
exposed. This allows them to breathe through the posterior spiracles
while feeding in liquid anoxic substrates. For larvae to be able to grow,
they need to periodically shed their cuticle, which does not expand along
with the growing larva. Food sources harbouring bacteria and yeasts will
support larval growth more effectively than sterile substrate [25], but
it is also well-established that larvae produce antimicrobial substances
that inhibit growth of microbes. It is thus likely that suppression of
bacterial growth may be selective against particular species, regulating
the overall density of microbes.

Pupal Metamorphosis

Larvae empty their gut at the cessation of feeding in the third instar [5],
and this most likely occurs by digestion of consumed substrate which
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Figure 7.3 Calliphora stygia adult flies and their larvae (maggots) feeding on
carrion. Photo by Ash Powell CC BY-NC-ND.

further adds to energy stores that have been accumulated for the long-
lasting quiescent pupal phase that follows. Larvae burrow into soil or
under objects where they develop the hardened cuticle (puparium)
that protects the metamorphosing insect within (pupa). Pupae breathe
through respiratory horns on the fifth segment of the puparium. During
metamorphosis, complete remodelling of internal systems occurs, as well
as development of external appendages and the segmented body plan
(tagmosis). The adult fly emerges using the expansion and contraction
of the ptilinum between the eyes, a haemolymph-filled sac that pulsates
to break the operculum, a lid-like structure, from the anterior end of the
puparium [5]. Over an approximately 24-hour period the newly eclosed
fly unfurls its wings, develops pigmentation, and prepares for flight.

Environmental Factors Affecting Calliphorid
Fly Behaviour

Because flies are poikilothermic organisms (having varying body
temperatures), the activity level, oviposition behaviour, and the
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developmental rate of immatures are fundamentally dependent on
ambient temperatures. Thus, development of immatures proceeds
when the ambient temperature is within species-specific temperature
thresholds. For L. sericatalarvae the optimal temperature for development
is 33°C. [20], which corresponds closely to the surface temperature of a
human or livestock wound which they frequently colonise. It is common
for calliphorid fly larvae to form large aggregations counting many
thousands of individuals. This massing generates heat and increases
the ambient temperatures that larvae experience, which are sometimes
upwards of 50°C. Larvae survive exposure to such potentially lethal
temperatures by cycling from the centre to the periphery of aggregations
[5, 26]. The exothermic nature of larval masses is a critical issue when
estimating the age of larvae in forensic investigations, and when
predicting the growth of individuals in research or clinical studies, or
laboratory-rearing contexts. Pupal development is also temperature
dependent, but the effect of aggregations is not relevant in this stage.

The lower temperature threshold for development is of considerable
relevance, because below this temperature, development largely ceases.
Adult flies of some species are known to overwinter with the ability
to become active on warm winter days—the cold-adapted Calliphora
vicina and Calliphora stygia are two examples [20]. Immature flies may
suspend their development under unfavourable climatic conditions
(diapause) either as larvae, pre-pupae, or pupae [20, 21], only to
resume development when triggered by changes in daylength and/
or temperature that promise more favourable conditions. Larvae have
been observed to successfully feed at both high and low temperature
extremes, but may not pupate successfully [27].

Furthermore, ambient temperature affects oviposition behaviour,
thus affecting the “colonisation interval” for a suitable substrate. Suitable
food sources for colonisation are highly ephemeral, necessitating rapid
colonisation by blowflies. This may be highly variable and dependent
on humidity, rainfall, wind, light, sun exposure and, fundamentally,
temperature [5, 28]. Adults are generally active during daylight hours,
although warm evenings have been reported to promote adult activity
[29, 30]. When days are mild then flies tend to show a unimodal activity
pattern, getting more active as the morning progresses and temperature
rises and slowing down again in the afternoon hours when it gets cooler.
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When days are very hot, a bimodal activity pattern is not uncommon
with flies being most active in the morning and afternoon [5]. Having
said that, optimal temperatures for adult flight are highly species-
dependent and generally dictate species distributions and population
density in a given location [31], but the optimal air temperature range
for species colonising decomposing remains is considered to lie between
10 and 30°C [5, 29, 31]. For the cold-tolerant Calliphora vicina, egg-laying
was shown to occur between 10 and 35°C, while the more temperate L.
sericata was shown to lay eggs between 16 and 40°C [32]. Furthermore,
adult flight and oviposition behaviours appear to be innately regulated
in many species by circadian rhythms. Environmental and climatic
conditions aside, reproduction in flies is fundamentally determined
by the location and availability of suitable food for the development
of offspring. Through the ages, human activity has supplied flies
with plentiful organic waste to breed in. For calliphorid flies this has
developed into a close (synanthropic) relationship with humans and
their settlements.

Calliphorid Interactions with Humans and
Domesticated Animals

The requirement for high protein substrate for larval development
makes the association of calliphorids with humans and associated
animals a natural interaction. Attracted to rubbish and decomposing
matter, blowflies have naturally become nuisances when they occur
in high abundance. Well-adapted to life associated with humans and
our domesticated animals, blowflies are easily spread through human
transport within vehicles [5] which helps in the expansion of their
natural ranges.

Since calliphorid species will readily feed on a range of proteinaceous,
microbially-rich food sources, they are easily maintained taxa for
laboratory-rearing, which facilitates research into their biology. A large
amount of this research has been in the field of forensic entomology. It
has been established that the arrival of species is predictable and can
be correlated to particular decomposition stages. This information can
be combined with previously established developmental characteristics
of the fly species to calculate the postmortem interval, which is the
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time that has passed since death occurred. Forensic investigators use
ambient temperatures to calculate how long it would have taken for
the blowfly species that were found on or near the cadaver to develop
to the stage at which they were collected. This, combined with the
particular colonisation speed for each species, permits fairly accurate
determination of the time a person died. In this way, humans have
exploited the attraction of flies to protein-rich and microbially-dense
environments to provide information in legal investigations.

While often recognised for their role as important nutrient recyclers
of dead matter, blowfly larvae may also colonise living organisms
(myiasis). Living tissues may be infested by larvae which may be painful
and result in the death of the host [5]. Among the cyclorrhaphan flies
there are both facultative and obligate parasites of animals. Facultative
parasites are species that develop in carrion but will occasionally become
parasites in living tissue, while obligate parasites must inhabit a living
animal to successfully develop. Obligate parasites include species such
as Chrysomya bezziana, the Old World screwworm fly, which requires
living flesh for larval development. Most blowfly species are facultative
parasites, recognised for their role in forensic science as colonisers of
human carrion. The ability to exploit living tissue when it is accessible is
a highly successful adaptation [19]. Levot et al. (1979) cite rapid growth
through short feeding periods, effective digestive enzymes, few larval
instars, and the early colonisation of lucrative decomposing remains
as reasons for the immense success of cyclorrhaphan larvae, and the
calliphorids are no exception.

Key species recognised as inhabiting carrion include members of the
genera Phormia, Protophormia, Cordylobia, Calliphora, Lucilia, Chrysomya
and Cochliomyia, and many of these species are also recognised for
their role as facultative parasites of living animals. This easy shift likely
reflects the microbially rich nature of the food source in both situations.
Mackerras & Mackerras [33] indicate that carrion is more attractive to
facultative parasites than the flesh of living animals.

Primary colonising larvae secrete proteolytic enzymes including
collagenases that externally digest the cutaneous tissue through
liquefaction, and larvae gradually invade the subcutaneous tissues,
causing shock and septicaemia in hosts [34]. Although L. sericata and
L. cuprina are most often responsible for flystrike (myiasis in sheep and
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other domestic animals), Chrysomya rufifacies, C. stygia, and C. augur were
all recorded to also cause myiasis in sheep [20]. In one study, Calliphora
augur and sister species C. dubia were recorded to be present in 15% of
single species strikes on sheep and in 35% of 1088 strikes in total [35].

Lucilia—Friend or Foe?

Lucilia sericata and L. cuprina are sister species with interesting
behavioural inconsistencies, as well as geographically-based differences
that make them of significant interest to entomologists. Lucilia cuprina
was thought to have originated in the Oriental or Afrotropical regions,
while L. sericata was endemic to the Palearctic [36], but they have spread
considerably with movement of humans and livestock. They are now
both cosmopolitan blowfly species and both are recognised for their
role in the colonisation of carrion, although L. sericata more so than L.
cuprina. However, this affinity to carrion does not prevent these species
from switching to living animals when the opportunity arises.

In Australia, L. sericata is mainly an urban species attracted to refuse.
It has limited relevance with regard to flystrike, and was considered by
Waterhouse and Paramonov [37] to be “economically unimportant”.
Their experiments showed that L. sericata displayed limited oviposition
on sheep as compared to L. cuprina [37]. However, in Britain, L.
sericata readily laid eggs on live sheep in field experiments [38], and
is recognised as the main myiasis-causing blowfly species in sheep in
the United Kingdom. Lucilia cuprina is known as the Australian Sheep
Blowfly, and is attracted to livestock and generally found in rural areas
[37], where it is the primary agent of flystrike. Females lay eggs in the
soiled fleece of the animals [5] and larvae feed on the animals’ flesh.
Affected livestock may suffer from a large burden of larvae and initial
infestation by L. cuprina is often followed by secondary blowfly species.
Severe infestations may result in the animal dying and the economic loss
to Australian farmers from fly strike is estimated to be in the vicinity of
$280 million per annum [39].

Interestingly, L. cuprina females are readily attracted to sheep with
clean fleece, but will not lay unless the fleece is soiled with faeces or
urine [5]. Fleece-rot results from bacterial infections of Pseudomonas
aeruginosa proliferation in moist fleece, causing a green colouration and
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subsequently becoming highly attractive to female L. cuprina [40, 41].
Thus, it is the bacterial presence that attracts female flies to the area, as
seen with the attraction of L. sericata to swarming P. mirabilis on carrion
[16]

While myiasis is well-documented to be of detriment in the case of
flystrike, there is also a beneficial application of myiasis. Maggot therapy
involves the deliberate application of larvae to non-healing human
wounds in an effort to debride necrotic tissue, flush the wound with
antimicrobial compounds, and stimulate the growth of new tissue [42—
44). Lucilia sericata is commonly the species utilised for this purpose, but
L. cuprina has been applied both accidentally [45] and deliberately [46],
yielding similar results to its sister species. Thus, the interchangeability
of the two species is again established.

Genetic studies have supported the separate species status of both L.
cuprina and L. sericata, in spite of strong similarities in morphology and
ecology [47]. Hawaiian flies morphologically identified as L. cuprina,
however, have been shown to possess L. sericata-type mitochondrial
DNA sequences across the COI and COII regions of mitochondrial
DNA, which are maternally inherited [48]. According to Stevens and
Wall [48] this may suggest a hybridisation event that has become fixed
in L. cuprina within Hawaii by lineage sorting. Although hybrids of the
two species have been produced in the laboratory but were not highly
fertile [37], there have been no reports of true hybrids in the field.

There are two subspecies of L. cuprina. Lucilia cuprina dorsalis is
the subspecies dominant throughout sub-Saharan Africa and the
Australasian regions [37, 49]. The second subspecies, L. cuprina cuprina
has been shown to readily interbreed with L. c. dorsalis in the wild,
indicating that despite their varying morphology and behaviour,
they taxonomically comprise a single species [49]. This said, varying
behaviour and biology between the subspecies may be highly important
in the consideration of use of L. cuprina in maggot therapy, but this has
not been considered yet given the focus on L. sericata. Future studies
investigating the use of L. cuprina in maggot therapy will need to
consider possible differences in efficacy and risk.
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Summary

The Diptera is a highly diverse insect order but it is the family
Calliphoridae (blowflies) that has been the focus of this chapter because
many calliphorid species are of great medical and veterinary importance.
Calliphorid flies utilise a variety of food sources both as adults and
during larval development. Adult blowflies seek the nectar and pollen
of flowering plants and are consequently important pollinators. They
also visit dung, carrion, and living animals to feed. This means they
can potentially spread germs. Generally, calliphorid flies prefer to
breed in dead and decomposing organic matter, including carrion, but
living animals are also utilised as a food source for larvae. Myiasis, the
colonisation of living animals and humans by fly larvae, may be the
only way a species of blowfly reproduces, but other species are more
flexible and able to utilise both carrion and living animals depending on
availability and resource competition.

While blowflies are a nuisance to people and responsible for
disease in humans and livestock, many species are also of significant
benefit to people beyond their widely-recognised ecosystem services
(decomposition, pollination, and food for other animals). Some
species that colonise wounds such as L. sericata have a benign and even
beneficial impact on wound healing. It is this therapeutic benefit that
has led people for thousands of years to use fly larvae (maggots) for
the treatment of infected and chronic wounds. Chapters 3 to 6 provide
guidance on clinical aspects of maggot therapy and its integration into
the healthcare setting [50-53]. In forensic science, it is the knowledge of
female colonisation and oviposition habits and species developmental
rates that allows law-enforcement to estimate the time of death in
coronial or murder inquests.
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8. Maggot Debridement

Yamni Nigam and Michael R. Wilson

For non-healing wounds to progress past the inflammatory stage,
it is vital that necrotic tissue is quickly and effectively removed,
a treatment that is known as debridement. Maggot therapy is the
treatment of wounds with living fly larvae (maggots) to remove
necrotic tissue. In recent years, much progress has been made
in understanding the therapeutic principles of maggot-assisted
debridement. This chapter describes the physiological and
biochemical principles underpinning the extraordinary ability of
medicinal maggots to precisely debride highly necrotic wounds
in a matter of days without the need for surgical intervention.

Introduction

Non-healing wounds containing necrotic tissue can be attributed to a
variety of factors including chronic disease, vascular insufficiencies,
advanced age, neurological defects, nutritional deficiencies, or local
factors such as infection, pressure, and oedema [1]. In these wounds,
the normal healing process stalls, typically in a chronic state of
inflammation, causing a cascade of abnormal tissue responses which
can generate and amplify a hostile microenvironment inside the wound.
This results in accumulation of cellular debris on the wound surface
and damage to surrounding tissue, leading to infection and necrosis [2,
3]. To aid the process of wound healing and allow it to progress past
the inflammatory stage, it is vital that this necrotic tissue is quickly and
effectively removed, a treatment that is known as debridement [4, 5].
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Maggot therapy is the treatment of wounds with living fly larvae
(maggots) in need of debridement. The ability of Lucilia sericata and
other fly species to debride is attributed to their necrophagous nature.
This is to say that their primary source of nutrition in the wild is dead
and rotting tissue [6]. The larvae of L. sericata consume the necrotic
tissue, and it is their voracious appetite for this material that makes
them so effective in this process (Figure 8.1).

Figure 8.1 Maggot therapy with free-range larvae (Photos by Parizad et al. 2021,
https://doi.org/10.1016/j.ijscr.2021.105931 [7], CC BY-NC.

Efficacy of Maggot Therapy for Wound Debridement

Since its resurgence in the USA and UK in the 1990s, a number of clinical
studies have been conducted to compare the efficacy of larval therapy
to conventional treatment methods in debriding chronic wounds. A
systematic review of the clinical studies of larval therapy incorporated
twelve comparative studies, including six randomised controlled trials,
from the years 2000-2014 [8]. Based on the analysis of these twelve
studies, the authors concluded that larval therapy was both more
effective and more efficient in the debridement of chronic ulcers when
compared with conventional treatments. They also associated larval
therapy with other benefits, including quicker healing rate of chronic
wounds, a shortened time to healing in ulcers, a longer antibiotic-free
time period, decreased amputation risk, and similar antibiotic usage
compared with conventional therapies [8]. A subsequent review of
clinical studies of maggot therapy from 2000-2015 corroborated the
positive debridement results, showing a significantly higher rate of
successful debridement compared with conventional treatments and a
significantly faster time for wounds to heal [9].
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The Feeding Process and Maggot Enzymatic Action

In the wild, carrion is a nutritive but ephemeral resource, and there is
intense competition among arthropods to acquire these resources before
they are depleted. Therefore, like many other species of Calliphoridae,
L. sericata larvae have adapted some particularly effective mechanisms
to satisfy their nutritional requirements and ensure rapid development
[10-12]. Chapter 7 of this book explains the natural history of calliphorid
flies, including their feeding strategies [6]. The primary feeding
mechanism of larvae is extracorporeal digestion, a process that was first
demonstrated in the 1930s [13]. The food is digested externally by larval
excretions/secretions which contain a potent mixture of proteolytic
enzymes, deoxyribonuclease, ammonia, and antimicrobial substances.
The movement of the larvae over the food then facilitates the penetration
of these secretions into the necrotic tissue, causing it to break down and
liquefy into a nutrient-rich fluid that the larvae subsequently ingest [14,
15]. This method of feeding is particularly well-suited to individuals
feeding together in large populations such as those seen in blowfly larvae
as it enables them to share and combine the enzymatic secretions they
release, allowing them to feed more efficiently [16, 17]. Additionally,
the secretions produced by maggots work to increase pH in the wound
environment, making it more conducive to the action of the proteolytic
enzymes [15,18, 19]. Itis also believed that the secretions help to irrigate
bacteria from the wound environment [20] as discussed in more detail
in Chapter 9 [21]. These initial debridement and disinfection processes
are vital for wound healing to proceed [22].

As well as the enzymatic action, it is also thought that debridement
in larval therapy is aided by the physical action of the larvae themselves.
Each larva possesses a set of mouth hooks which they use to scrape
and tear at the surface tissue, and it is thought that the most significant
function of this action is to facilitate the penetration of their secretions
into the tissue, thereby making it easier to break down [23, 24]. The
mouth hooks are also used for locomotion as they help to pull the body
forward when maggots crawl [25]. Additionally, larvae seek out areas
containing necrotic tissue and thus ensure that debridement activity is
focussed on the areas of greatest need [26].
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Identification of Maggot Enzymes in Debridement

The enzymes that are contained in larval secretions are key to wound
debridement. Therefore, identifying those enzymes responsible
would be very helpful in further understanding the action of larvae
in the chronic wound. Initial work looked at characterising the types
of enzymes at work. Using class specific substrates and inhibitors,
Chambers and Woodrow [15] identified three classes of proteolytic
enzymes at work in the process of larval debridement: serine proteases,
aspartyl proteases, and metalloproteases. Of these enzymes, the most
significant activity was attributed to serine proteases of two different
sub-classes, trypsin-like and chymotrypsin-like. Larvae also provide the
optimal conditions for the serine and metalloproteases to act within the
wound, secreting ammonia to increase the pH in the wound bed and
thus allowing activation of trypsin-like proteases (which have a role
in cell proliferation, cytokine secretion and ultimately wound healing)
and chymotrypsin-like proteases that degrade the extracellular matrix
components laminin, fibronectin and collagen types I and III [15].

Serine proteases were also subsequently identified in larval secretions
in a separate study, indicating the role of these enzymes in wound
debridement [27]. A recent, novel investigation using a physical model
corroborated this idea. The work involved the incorporation of trypsin
inhibitors in the feed of larvae so that enzymes that were produced by
the larvae were inhibited. The result of this was a significant decrease
in consumption rates and a severe stunting of larval growth [28]. This
work confirmed that larvae did indeed utilise trypsin proteases for
extracorporeal digestions and subsequent consumption of dead tissue.
Trypsin inhibitors have also been successfully incorporated into the
diets of other insect species, which has resulted in similarly detrimental
effects on both feeding and development [29-32]. This means that the
use of serine proteases in digestion is not unique to L. sericata.

There has also been work to identify the individual enzymes at work.
It had been demonstrated that a chymotrypsin-like serine protease was
able to degrade extracellular matrix components in wounds and aid
fibroblast migration through this action. The three major components
in extracellular matrix that were degraded by this chymotrypsin
were fibronectin, laminin and collagen [15]. This chymotrypsin was
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subsequently identified and characterised from L. sericata larvae and a
recombinant form (named “chymotrypsin I”) was shown to be effective
in degrading venous leg wound eschar ex vivo [33-35]. Utilising various
techniques including 2D gel electrophoresis and the monitoring of the
release of 7-amino-4-methyl coumarin from the chymotrypsin substrate,
it was concluded that the active recombinant chymotrypsin I degraded
the wound eschar more efficiently than commercially available
chymotrypsin from bovine and human sources [35].

Additionally, chymotrypsin I was found not to be restrained by
endogenous inhibitors that were found in high concentrations within
wound slough («-1-antichymotrypsin and &-1-antitrypsin), indicating a
means by which the activity of the enzyme is able to survive within the
wound and contribute to debridement [36]. The protease is, however,
inhibited by a-2-macroglobulin which is significant because it is a
macromolecule found in blood plasma which in turn is abundant in
healthy and blood-perfused tissue. It is hypothesised that the specificity
of L. sericata larvae for digesting only necrotic tissue may be explained
by this inhibitory effect of x-2-macroglobulin [37].

Larval secretions have also been found to contain deoxyribonuclease,
capable of degrading genomic and extracellular bacterial DNA, as well
as DNA from wound slough, indicating a potential to aid in wound
debridement and inhibition of the growth of bacteria and biofilm [14].
In another study, a complementary DNA library was constructed from
the salivary glands of medicinal larvae and five full-length and several
incomplete complimentary DNAs encoding for serine proteases were
identified [38]. Further work to characterise the active enzymes in
larval secretions resulted in the identification of a chymotrypsin-like
serine protease known as “Jonah_” which was found to digest certain
extracellular matrix components normally present in the chronic wound
environment [39]. However, this enzyme was found not to digest certain
other components, suggesting that it is a complex mix of enzymes in
larval secretions that facilitate debridement. This was confirmed in
another study where a comprehensive analysis of the proteolyticenzymes
released from larval tissues—including the salivary glands, crop, and
gut—identified hundreds of clusters representing five classes of enzyme:
aspartic, cysteine, threonine, serine, and metallopeptidases [40]. Serine
peptidases represented the largest group of peptidases identified from
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L. sericata, and in addition to the previously characterised proteases,
dozens more were identified with roles in digestion, immunity, blood
coagulation, and others whose roles are still unclear [40].

The significance of uncovering the therapeutically active substances
in larval secretions lies not only in gaining a greater understanding of
how larval therapy works, but also in aiding the possible development
of new treatments. Whilst the efficacy of larval therapy is well proven,
its widespread adoption is limited by practical problems associated with
using live organisms. These include a short shelf-life, the need for an
advanced logistics network to allow for express delivery, and the need
for extra training to ensure that dressings are applied and maintained
correctly [33]. By uncovering the active components of larvae secretions,
it is envisioned that these molecules could be synthesised and then
delivered by a suitable device or mechanism without having to use live
larvae.

Summary

Maggot therapy is made possible by the extraordinary life-history
characteristics of medicinal flies, and by the feeding behaviour and
physiology of their larvae. Adapted to the exploitation of ephemeral
cadavers, they have evolved the capacity to rapidly consume decaying
flesh and complete their larval growth in just a few days. A cocktail
of digestive enzymes is secreted to dissolve only necrotic tissue before
the nutrient-rich liquid digest is consumed. When such flies colonise
the wound of a living human or animal (myiasis) and conditions are
conducive, then their gentle, selective, and highly efficient feeding
behaviour brings about rapid debridement of the wound.

This therapeutic benefit of myiasis has been recognised since ancient
times and adopted by tribal healers and later by modern medicine.
In recent years, much progress has been made in understanding the
therapeutic principles of maggot-assisted debridement. The digestive
secretions of course play a critical role. Now the race is on to isolate
and synthetically produce therapeutic compounds for wound care drug
development. However, the use of pharmaceuticals derived from maggot
products may have limitations. For example, the use of individual
products for debridement will likely preclude the other benefits
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associated with treatment using live larvae such as disinfection and
wound healing, and may therefore limit the effectiveness of the treatment.
Additionally, considering that secretions consist of a complex mixture of
enzymes [40], one can argue that the efficacy of maggot therapy relies
on this complex mix of substances that are produced by the live larvae
and then deposited into the wound. In other words, the substitution of
this mix of substances for a single, cost-effective pharmaceutical, or even
a combination of pharmaceuticals, may not be possible. How medicinal
maggots control infection and bring about wound healing is discussed
in Chapters 9 and 10 of this book [21, 41]. There has been some success
in producing recombinant forms of maggot-derived digestive enzymes
and incorporating them into a delivery device [33, 35, 39], but more
work is needed to determine which enzymes are effective, how their
efficacy compares against live larvae, and how they can be produced
reliably at a large scale for a reasonable cost.
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9. The Antimicrobial Activity of
Medicinal Maggots

Yamni Nigam and Michael R. Wilson

Bacterial infection of wounds is a serious and growing issue and
contributes to a delay in wound healing. Whilst debridement
is often the primary motivation for the clinical use of maggot
therapy, there is accumulating evidence that the therapy
has other therapeutic properties. In particular, larvae have a
significant antibacterial effect on the wound surface through
the antimicrobial action of their excretions and secretions and
the disruption of microbial biofilms that are common in chronic
wounds. This chapter describes the principles and mechanisms
that allow medicinal maggots to successfully shape and control
the microbial environment of the chronic wound.

Introduction

Bacterial infection of wounds is a serious and growing issue and
contributes to a delay in wound healing. Progression of healing is said
to be dependent on both bacterial count and microbial species present
[1], so disinfection of the wound-site is vital to enable the wound to
heal. Whilst debridement is often the primary motivation for the clinical
use of maggot therapy, there is accumulating evidence that the therapy
has other therapeutic properties. In particular, larvae have a significant
antibacterial effect on the wound surface, not only through the removal
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of infected tissue, but also through the antimicrobial action of their
excretions and secretions. When the American military surgeon William
S. Baer encountered seriously wounded soldiers colonised by wild
maggots during WW1, he observed the remarkably good condition the
men were in and the absence of sepsis [2]. He considered the action of
maggots to be that of scavengers sucking up bacteria and consuming
dead tissue. He also noted the presence of excretions and secretions in
the wound and believed that “some biological reaction” was responsible
for helping the wound to heal, though the nature of this biochemical
substance was something that he was not able to uncover.

In their natural environment, blowfly larvae exploit decaying carrion,
which is a microbe-rich food source. Thus, it is intrinsic to their survival
that they adapt to this environment and evolve strategies to cope with
and control microbes [3]. It was this ability to control infection that
motivated William S. Baer to eventually pioneer maggot therapy in
his own peace-time clinical practice for the treatment of patients with
osteomyelitis [2]. This chapter explains how medicinal maggots control
wound infection.

Historical Investigations into the Antimicrobial
Activity of Maggots

Ithad long been suspected thatlarvae possessed an antimicrobial quality.
In the 1920s it was theorised that larvae were capable of destroying
bacteria taken into their gut after the “remarkable sterility” of the gut
contents of certain fly species was noted [4]. This was later expanded on
by Robinson and Norwood [5, 6], who found that bacteria were destroyed
as they passed through the digestive system of medicinal maggots. As
well as examining the destruction of bacteria in the gut, early studies
also investigated the antimicrobial properties of larval excretions and
secretions. Examining these “elimination products”, Simmons [7, 8]
demonstrated the presence of a potent antibacterial entity within the
biological material. He also found that the use of non-disinfected larvae
(compared to the use of the same material from disinfected organisms)
increased the potency of the antibacterial activity, with a 5- to 10-minute
incubation sufficient to prevent the growth of Staphylococcus aureus
[7, 8]. Further research also determined the presence of a heat-stable
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antibacterial agent which could be partially purified using paper
chromatography [9].

Resurgent Interest in Antibacterial Bioactivity from
Maggots

More recently, there has been particular interest in understanding
and identifying the therapeutic antimicrobial properties of maggot
excretions and secretions, the main drive of this being the use of larvae
as a source of novel antibiotics and anti-infectives, especially with the
rise of drug-resistant forms of pathogenic bacteria such as methicillin-
resi