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Research justification

Preventive health care, where preventive audiology is positioned, contains strategies 
adopted and implemented for disease and disorder prevention. Hearing function can 
be negatively impacted by numerous factors, including lifestyle choices, environmental 
factors, genetic predisposition, the burden of disease and other causes. Frequently, 
hearing impairment can be prevented and its consequences significantly minimised 
by preventive measures. Such prevention commands conscientiously deliberate 
anticipatory actions that can fall under primordial, primary,  secondary or tertiary 
levels of prevention. South Africa, as a resource-constrained low- and middle-income 
country (LMIC), still has a challenge of high numbers of individuals with preventable 
hearing impairment from the cradle to the grave. Numerous strategies exist for the 
prevention of hearing impairment across all ages and in various contexts. Preventive 
Audiology: An African Perspective is an original scholarly book that introduces the 
concept of preventive audiology, with a specific focus on the African context, which 
is in line with the South African re-engineered primary health care strategy and the 
World Health Organization’s approach. The book reflects on contextually relevant 
and responsive evidence-based perspectives, grounded in an African context on 
preventive audiology, in four major ear-and-hearing burdens of disease within the 
South African context, namely, (1) early hearing detection and intervention (EHDI), 
(2) middle ear pathologies, (3) ototoxicity and (4) noise-induced hearing loss (NIHL). 
The book represents innovative research, seen from both South African and global 
perspectives. It offers new discourse and argues for a paradigm shift in how audiology 
is theorised and performed, particularly in LMIC contexts. The goal of this book is to 
motivate for a paradigm shift in how ear-and-hearing health care is approached within 
this LMIC context, while also arguing for Afrocentric best practice evidence that leads 
to next practice. For Afrocentric epistemology, which is a different narrative that is 
deliberately removed from Western epistemology, contributors who responded to the 
call for chapters and had their abstracts accepted were encouraged to allow their own 
positionality, Afrocentric views and perspectives, and their own research in the field, as 
well as context to guide their writing. The authors were also urged to supply evidence 
that will guide decision-making and planning around policy formulation, training, clinical 
care and research within the African context – without being overly prescriptive in the 
recommendations and solutions offered. All of this was done with strict adherence 
to academic writing protocols such as critical engagement with evidence, assurance 
of originality, and adherence to consistent referencing. Sufficient evidence exists 
regarding the economics and quality of life investment benefits of preventive care, 
hence the focus of this edited book as part of a series of books by Khoza-Shangase 
on African perspectives. All chapters underwent rigorous independent peer review 
by experts in the field and independent review via AOSIS. The chapters contain no 
plagiarism, and the book represents a scholarly discourse. The book’s target audience 
consists of specialists in the field of audiology.

Katijah Khoza-Shangase, Department of Audiology, Faculty of Humanities, School of 
Human and Community Development, University of the Witwatersrand, Johannesburg, 
South Africa
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1.1. Introduction
Preventive health care, where preventive audiology is located, consists of 
measures taken for disease and disability prevention. The American Speech-
Language-Hearing Association (ASHA) (1988) documented the prevention of 
communication disorders as one of the professions’ primary responsibilities, 
with the acknowledgement that ‘prevention of communication disorders 
requires some adjustment in the traditional focus of professional practice in 
speech-language pathology and audiology’. This association advances the 
argument that for the prevention of communication disorders to occur, 
increased efforts are required towards the elimination of the onset and causes 
of these disorders, as well as the promotion, development and maintenance 
of optimal communication.
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Hearing function can be influenced by various factors, including lifestyle 
choices, environmental factors, genetic predisposition, burden of disease, and 
other causes (Nieman, Reed & Lin 2018). Most often, hearing impairment can 
be prevented and its consequences minimised through preventive measures. 
Such prevention requires carefully deliberated anticipatory actions that can 
be categorised as primordial, primary, secondary or tertiary prevention. 
Numerous strategies exist for the prevention of hearing impairment across all 
ages and in various contexts. This chapter reflects on the concept of preventive 
audiology within the African context, aligned with the South African re-
engineered primary health care strategy where the book is based. Deliberations 
are also congruent with the World Health Organization’s (WHO’s) (2021) 
Hearing Screening Considerations for Implementation.

This chapter aims to deliberate on evidence-based perspectives grounded 
in an African context on preventive audiology, with a specific focus on four 
major ear and hearing burdens of disease within the South African context: (1) 
early hearing detection and intervention (EHDI), (2) middle ear pathologies, 
(3) ototoxicity, and (4) noise-induced hearing loss (NIHL). This is done with a 
clear understanding that there are other areas in audiology that also require 
inclusion in a preventive audiology book; however, because of the length limits 
of a book, they can only be addressed in a future edition. This chapter prepares 
the reader for the book’s ultimate goal, which is to motivate for a paradigm 
shift in how ear-and-hearing health care is approached within this LMIC 
context while arguing for Afrocentric best practice evidence that leads to next 
practice. Sufficient evidence exists regarding the economics and quality of life 
investment benefits of preventive care, hence the focus of this chapter and 
this edited book.

Projections calculated based on the WHO’s 2018 prevalence estimates 
indicate that in 2018, the prevalence of disabling hearing loss globally was 
high and set to increase (WHO 2018a), and these projections show that the 
numbers will increase in all regions of the world. Currently, just over 6% of the 
world’s population lives with disabling hearing loss. This translates to 
466 million persons globally, of which 432 million (93%) are adults and 
34 million (7%) are children. By 2050, the WHO estimates that the numbers 
will grow to over 900 million people with disabling hearing loss (WHO 2018a).

The distribution of disabling hearing loss across different regions of the 
world shows that the LMICs are home to the highest number of cases of 
disabling hearing loss, with high-income countries (HICs) hosting only 9.9% of 
people with disabling hearing loss. Sub-Saharan Africa, where South Africa is 
located, is home to 10.6% (49.66 million) of the global population of individuals 
with disabling hearing loss, with only East Asia (21.6%) and South Asia 
(28.2%) above it on the ranking (WHO 2018a). This high prevalence of hearing 
loss has various causes.
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Causes of hearing loss vary and include the use of particular drugs that are 
toxic to the ear, exposure to excessive noise, certain infectious diseases, chronic 
ear infections, complications at birth, ageing, and genetic causes (Nieman et al. 
2018). Most of these causes are preventable, which justifies increasing the 
focus  on preventive audiology, particularly in LMIC contexts where the 
prevalence of disabling hearing loss is reported to be high. WHO (2018a), for 
instance, reported that 60% of hearing loss in childhood is because of 
causes  that  are preventable in nature and that 1.1 billion young individuals 
between 12 and 35 years of age are at risk of NIHL because of hazardous 
noise  exposure in recreational settings, a cause that is highly preventable 
(Martin et al. 2006).

Unidentified and unaddressed hearing loss has serious consequences for 
the individuals affected, their families, and the State, from the cradle to the 
grave (Khoza-Shangase 2021). Overall, the cascading deleterious consequences 
of unidentified and unaddressed hearing impairment on a developing 
child include a significant negative impact on the language abilities and skills, 
which may result in language delays of at least 2–4 years (Yoshinaga-Itano 
2004). These consequences include social and economic ramifications in 
areas such as education, employment and integration into society (including 
family and parent–child interactions), all of which impact the individual’s 
quality of life (Maluleke, Khoza-Shangase & Kanji 2019; Moeller 2000; Olusanya 
2005; Olusanya & Newton 2007; Rossetti 2004; Yoshinaga-Itano 2004).

As far as preventive causes of hearing loss such as middle ear infections 
are concerned, unidentified and unaddressed middle ear pathologies have 
significant implications for any country’s health care, over and above 
consequences for the affected individual (Sebothoma & Khoza-Shangase 
2020). The WHO (2018b) estimated that over 700 million people suffer from 
middle ear pathologies globally, with over half of this challenge in children. 
Poor or lacking early identification and ineffective treatment of these middle 
ear pathologies can lead to serious complications. These complications 
include the following: 

1. Acute otitis media developing into chronic suppurative otitis media (CSOM) 
(30 million cases), with approximately half of these infections leading 
to the development of permanent hearing loss (WHO 2018b). Kolo et al. 
(2012) also reported on an association between CSOM and sensori/neural 
hearing loss, as CSOM is a severe form of middle ear pathology that can 
cause permanent hearing loss.

2. The occurrence of middle ear pathologies has also been associated with 
auditory processing problems (Villa & Zachetta 2014).

3. Prolonged middle ear pathologies can lead to intracranial complications 
(Sharma et al. 2015) and, to some extent, present as a life-threatening 
condition (Avnstorp et al. 2016).
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These complications, as well as the medical and surgical costs related to them, 
justify a paradigm shift to a preventive approach within contexts where the 
prevalence of middle ear pathologies is high. This argument is detailed in 
Chapter 5 wherein a recommendation of a programmatic approach that is 
deemed contextually relevant, responsive and sustainable within the South 
African context is put forward.

Similarly, unidentified and unaddressed hearing loss because of ototoxicity, 
regardless of the often life-sustaining benefits of the treatments causing it, 
can have significant negative effects on patients (Guo et al. 2010; Paken et al. 
2016; Tsintis & La Mache 2004). While ototoxicity is contended to be non-life-
threatening in nature, evidence indicates that the detrimental effects of some 
drugs on the ear and hearing because of their toxic effects on the ear impact 
communication and quality of life indicators. These indicators are related to 
health as they lead to significant educational, occupational and social 
consequences for the affected individual (Govender & Paken 2015; Khoza-
Shangase 2010, 2017). The negative ototoxicity effects also have medical 
treatment adherence consequences for the patient on treatment (Khoza-
Shangase 2020), with equally significant cost implications for the State. 
In children, ototoxicity, like other forms of hearing loss in this age group, can 
affect cognitive, speech, language and social development, with consequent 
negative outcomes for academic performance and psychosocial functioning 
(Health Professions Council of South Africa [HPCSA] 2018). It is for this 
reason that Bankaitis and Schountz (1998), as well as Khoza-Shangase and 
Stirk (2016), argued that it is important for audiologists to become actively 
involved in the drug development process to facilitate early identification of 
adverse effects such as ototoxicity and vestibular toxicity. Chapter 6 delves 
into ototoxicity in more detail with specific recommendations for the African 
context.

Finally, the absence of effective hearing conservation programs (HCPs) 
that reduce or eliminate NIHL has significant implications for the individuals 
affected, their families and communities, the companies they work for, and the 
State as a whole. Besides the NIHL (Ding, Yan & Liu 2019; Moroe et al. 2018; 
Ntlhakana, Khoza-Shangase & Nelson 2020a), chronic exposure to noise is 
also linked to various other negative effects on the affected individual, such as 
impaired cognitive performance, sleep disturbance and onset of conditions 
such cardiovascular diseases and hypertension (Dale et al. 2015), over and 
above annoyance (Lusk et al. 2016). Lusk et al. (2016), in support of Yongbing 
and Martin (2013), stressed that hazardous noise exposure must be treated as 
a priority and costly public health concern, particularly in LMICs, further 
arguing that noise is a public health hazard with a considerable effect on the 
nation’s well-being and economic health. For the company and the State, the 
legal costs and the compensation costs linked to ONIHL are significant 
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(Thorne et al. 2008). Sufficient global evidence exists to indicate that NIHL is 
100% predictable and preventable if effective HCPs are implemented and if all 
stakeholders are collaborative in their prevention processes, as well as being 
fully committed to the process of implementing effective preventive measures 
timeously (Le et al. 2017; Metidieri et al. 2013; Moroe 2020; Moroe et al. 2018; 
Ntlhakana, Nelson & Khoza-Shangase 2020b). Chapters 11 and 12 carefully and 
comprehensively deliberate on NIHL globally, with specific recommendations 
for LMIC contexts such as South Africa.

The presented negative effects of hearing loss make it justifiable that 
considerable attention should be directed towards ramping up efforts aimed 
at prevention, in the form of early identification and intervention, in all contexts, 
but more so in resource-constrained contexts like Africa. This is because 
unaddressed hearing loss has been reported to pose an annual global cost of 
US$750 billion (WHO 2018a). The WHO (2018a, 2021), therefore, strongly 
argued that interventions to prevent, identify and address hearing loss early 
are worthwhile and can bring significant financial benefits. The fact that 
implementing preventive health care for young children is known to offer the 
greatest likelihood of bettering health and changing a child’s course of life 
(Alexander, Brijnath & Mazza 2015). The fact that the prevalence of disabling 
hearing loss increases with age to affect the economically active more also 
adds to the urgency of dealing with this burden of hearing loss. Generally, the 
prevalence of disabling hearing loss has been reported to be 1.7% in children, 
equal to or greater than 7.6% in adults aged 15 years and older, precipitously 
rising to almost one in three in adults over the age of 65 years (WHO 2018a). 
This prevalence rate warrants careful deliberations around paradigm shifting 
audiology efforts toward preventive audiology. 

1.2. Preventive audiology argued
Preventive audiology consists of measures taken for the prevention of hearing 
loss and its negative consequences. The numerous documented factors that 
affect hearing function mostly affect LMICs because of the absence of regular 
health care monitoring systems or competent management (Zaman & Al 
Mamun 2017). Most often, hearing impairment can be prevented or its 
consequences minimised by preventive measures, which require carefully 
deliberated anticipatory actions. South Africa, as a resource-constrained 
LMIC, still has a challenge of high numbers of individuals with preventable 
hearing impairment across their lifespans and needs to identify a portfolio of 
risk factors for preventive audiology to achieve positive ear and hearing 
outcomes for the nation, without preventive efforts becoming costly for the 
State. It is, therefore, important to carefully plan all preventive initiatives so 
that they can achieve the goals for which they are intended.
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Sá et al. (2016, p. 1) argued that technological advancements, the rising 
number of available preventive health care measures and the ‘cultural belief 
that more is always better and some disease-mongering strategies’ have all 
had negative effects on preventive care. Thus, the probability of preventive 
care producing more harm than good is rousing great concern (Gérvas, 
Starfield & Heath 2008; Martins et al. 2013; Moynihan, Doust & Henry 2012; 
Sackett 2002). The same might apply within the African context, so preventive 
health care initiatives need to be adopted cautiously, with careful planning 
that bears in mind the South African context. Supported by Getz, Sigurdsson 
and Hetlevik (2003), Martins et al. (2013) and Moynihan et al. (2012), Sá et al. 
(2016) asserted that excessive and unnecessary implementation of preventive 
measures, e.g., recommendation of medical tests, holds significant economic 
and ethical implications in contemporary clinical practice, hence the 
importance of identifying a portfolio of major risk factors for hearing loss 
within the South African context and targeting these in preventive audiology 
initiatives. Woolf and Stange (2006) argued that because limited resources 
make it impracticable to provide all health care services to everyone, it is 
important for countries to implement judicious methods for establishing 
priorities. This position is why adopting an approach that allows for targeting 
of major risk factors and ordering the relative magnitude of effective preventive 
services bears critical implications for all stakeholders, including the patients, 
clinicians, policymakers and the general public. Resource constraints in LMICs 
require these stakeholders to collaborate as a community to maximally benefit 
from the limited resources they have for the public good, in this case, of 
preventing hearing impairment.

Numerous strategies exist for the prevention of diseases and disorders, 
including hearing impairment, across all ages and in various contexts. The 
WHO (2020) provided an operational definition of disease prevention and 
health promotion that is useful when planning preventive audiology initiatives 
in any context. This organisation defines prevention as ‘population-based 
and individual-based interventions for primary and secondary (early 
detection) prevention, aiming to minimise the burden of diseases and 
associated risk factors’, the very goal of preventive audiology as presented in 
this book. Although not a major focus of this book and not-withstanding the 
understanding of the natural history of hearing impairment from exposure to 
causal agents through its development to final consequences (Association of 
Faculties of Medicine of Canada – AFMC 2013), prevention begins as early as 
what is described as primordial prevention (AFMC 2013). It further continues 
up to quaternary prevention where efforts are aimed at preventing injury or 
damage caused by preventive measures, such as the utilisation of medical 
interventions whose efficacy has not been established, while ensuring ethical 
practice (Pandve 2014).
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Primordial prevention has been described as initiatives aimed at changing and 
addressing health determinants of a population and averting the development 
of factors (behavioural, social, environmental and economic) documented to 
escalate the future risk of diseases and disorders (AFMC 2013). Unlike in 
primary prevention, this level of prevention addresses the health determinants 
at the systemic level rather than at the personal level. Examples of preventive 
strategies at primordial prevention include preventive clinical services such as 
vaccination or post-exposure prophylaxis provision for individuals exposed to 
communicable diseases and general immunisation of individuals in all age 
groups (WHO 2020). In preventive audiology, primordial prevention would 
include preventive initiatives such as:

 • advocating prenatal care for conditions known as risk factors for permanent 
childhood sensorineural hearing loss such as maternal rubella and 
toxoplasmosis (Fitzgibbons, Beswick & Driscoll 2021; Kanji & Khoza-
Shangase 2021)

 • childhood immunisation against infections that are risk factors for hearing 
impairment

 • ‘buying quiet’ in mines and other places known to present high risk for 
NIHL (Khoza-Shangase, Lecheko & Ntlhakana 2020)

 • removing or replacing all ototoxic medications from treatment regimens 
where feasible, including advocacy for the audiologists getting involved in 
the drug development processes before ototoxic drugs get approved for 
human consumption (Khoza-Shangase 2017). 

The author believes that LMICs should have this level of prevention as a 
significant focus and cornerstone of their preventive models, where future 
possible disorders and disabilities are prioritised before the disorders present 
themselves, as depicted in Figure 1.1. Furthermore, the author proposes that 
addressing the burden of disease prevention by improving ‘social determinants 
of health’ is another major primordial prevention strategy that LMICs should 
prioritise for disease and disability prevention. Khoza-Shangase (2021) argued 
that health challenges and the social determinants of health in the South 
African context perform an important role in the success or failure of any early 
intervention programme, where the definition of social determinants of health 
has been stated as ‘the circumstances in which people are born, grow up, live, 
work and age, and the systems put in place to deal with illness are enhanced’ 
(Commission on the Social Determinants of Health [CSDH] 2008, p. 2). 
Addressing social determinants of health at this primordial prevention level 
can then be followed by primary, secondary and tertiary prevention 
programmes.
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Through risk reduction, primary prevention aims to prevent the onset of a 
specific disease or disorder. This prevention is achieved by altering actions or 
disease-causing exposures or by growing resistance to the consequences of 
exposure to the disease agent (AFMC 2013). WHO (2020) stated that primary 
prevention refers to activities intended to circumvent the appearance of a 
disease or disorder. In preventive audiology, such activities may include 
actions to enhance ear-and-hearing health care through transforming the 
influence of social and economic determinants of health as done in EHDI 
initiatives that are part of the first 1 000 days programmes where nutrition is 
part of the intervention; the dissemination of knowledge on medical health 

Source: Illustrated by M.R. Shangase, published with permission from M.R. Shangase. 
Key: EHDI, early hearing detection and intervention; NIHL, noise-induced hearing loss; HCP, hearing conservation programmes.

FIGURE 1.1: Preventive audiology levels with examples in target areas of South Africa.
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and behavioural risks in prenatal clinics, immunisation clinics, developmental 
clinics, schools, HIV/AIDS clinics and HCPs; and in conjunction with consultation 
and methods to reduce manifestations at the personal and community levels.

Secondary prevention is the level of early detection of the disease or 
disorder when this prevention advances the likelihood of positive health 
outcomes (WHO 2020). Procedures to detect and arrest the progression of a 
disorder before it presents clinically and progresses to levels that lead to 
deleterious consequences for the sufferer are employed at this level (AFMC 
2013). In audiology, this level of prevention (a significant focus of this book) 
comprises initiatives such as evidence-based screening programmes for the 
early detection of hearing impairment and ear disease:

 • newborn hearing screening [NHS]
 • school hearing screening
 • community hearing screening
 • ototoxicity monitoring
 • ONIHL screening and monitoring.

Furthermore, this level can include activities for the prevention of severe 
hearing loss (e.g. middle ear pathology identification and management), 
preventive drug therapies, and other efficacious interventions when 
administered or implemented at an early stage of the disease or disorder (e.g. 
use of otoprotective agents in ototoxicity and use of personal protection 
devices in ONIHL). Because secondary prevention refers to the use of 
measures that may lead to earlier diagnosis and treatment of health conditions, 
advocacy for mandating such measures (e.g. government mandating of 
universal NHS) is critical for both initial implementation and sustainability of 
the programmes. Furthermore, ensuring that sensitive, valid and reliable 
assessment/screening measures are used in programmes, such as NHS (Kanji 
& Khoza-Shangase 2018) and HCPs (Moroe et al. 2020; Ntlhakana et al. 2020a, 
2020b, 2022); ototoxicity monitoring programmes; use of sensitive measures 
such as distortion product otoacoustic emissions (DPOAEs); middle ear 
pathology measures such as video otoscopy and Wideband Absorbance 
Immittance (Sebothoma & Khoza-Shangase 2018; Sebothoma et al. 2021), is 
important.

The AFMC (2013) stated that once the disease or disorder has presented 
itself and treatment provided at the acute phase, tertiary prevention seeks to 
lessen the impact or the negative consequences of the disease or disorder on 
the affected individual’s function, long life and quality of life. Therefore, 
tertiary prevention is defined as strategies adopted to reduce or minimise the 
complications linked with disability from health outcomes (Stucki et al. 2007). 
In preventive audiology, this includes aural rehabilitative programmes with 
the fitting of amplification, which, in this book, have been argued to be best 
presented within a contextually relevant and responsive model of care. 
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For example, EHDI that is caregiver or family-centred, middle ear pathology 
prevention programmes that adopt a programmatic approach, HCPs that are 
collaborative and have the audiologist at the centre of the team, and 
ototoxicity monitoring programmes that are collaborative, multidisciplinary 
and standardised. Khoza-Shangase and Kanji (2021) argued that, within the 
African context, such interventions must be culturally and linguistically 
sensitive and relevant to the context.

Implementation of preventive health care at the different levels requires 
strategic planning around resources, including human resources. WHO (2020) 
highlighted that whereas primary prevention initiatives may be implemented 
autonomously from capacity building in other health care services, secondary 
prevention in the form of screening and early detection does require significant 
training of paraprofessionals if demand versus capacity is a contextual 
challenge. This position arises because secondary prevention becomes of 
limited value if the identified disease and disorder cannot receive intervention 
from other parts of the health care system, which can also be considered 
unethical (Delatycki 2012; Shickle & Chadwick 1994). Wilson and Jungner 
(1968) argued that the ability to offer treatment for an identified disease or 
disorder during prevention initiatives is the most important criterion that 
primary prevention measures should fulfil. These authors asserted that ‘in 
adhering to the principle of avoiding harm to the patient at all costs 
(the  primum  non nocere of Hippocrates), treatment must be the first aim’ 
(Wilson  & Jungner 1968, p. 27). Therefore, within prevention audiology, 
volunteers, nurses, audiometricians, teachers’ assistants and other middle-
level worker cadres can be trained to conduct hearing screening, middle ear 
pathology screening and ototoxicity monitoring in primary prevention via a 
task-shifting combined with tele-audiology ear-and-hearing health care 
delivery model. However, for individuals whose screening result indicates refer 
findings, diagnostic testing and evaluation from audiologists and 
otorhinolaryngologists must be in place at the secondary prevention level. 
Chapters 2, 3, 4 and 5 will elaborate on this comprehensively.

Within the South African context, task-shifting and tele-audiology can also 
form part of health promotion, which WHO (2020) defined as ‘the process of 
empowering people to increase control over their health and its determinants 
through health literacy efforts and multi-sectoral action to increase healthy 
behaviours’. This health promotion process is specific to ear-and-hearing 
health care, which encompasses community-level initiatives or activities for 
populations at increased risk of hearing impairment because of the identified 
portfolio of risks. Such activities would include activities such as various media 
awareness campaigns on calendar days such as Deaf Awareness Month and 
World Hearing Day, along with others. In these ear-and-hearing health care 
promotion initiatives, behavioural risk factors such as excessive noise 
exposure and unsafe ear care, as well as all known risks of hearing impairment, 
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are addressed, with the importance and value of early detection and 
intervention across the lifespan highlighted. 

WHO (2020) highlighted the importance of distinguishing between 
prevention and promotion, even though these share many goals. Prevention 
services are characterised as predominantly focused within the health care 
sector, while promotion services rely on intersectoral initiatives and or are 
focused on the social determinants of health. This distinction is also applicable to 
preventive audiology within the South African context. Intersectoral policies 
and health services interventions to address ear-and-hearing health care; and 
strategies to promote ear-and-hearing health care, including through education 
and awareness programmes and increased access to ear-and-hearing health 
care and communication rehabilitation services are critical aspects of this 
process. Chapter 4 illustrates this well within the South African context.

This edited book deliberately reviews locally relevant evidence to ground 
the perspectives presented in an African context to explore preventive 
audiology within Africa in selected high burdens of ear and hearing disorders 
within the South African context. The approach adopted allows for an 
argument of a paradigm shift in how ear-and-hearing health care is approached 
within this LMIC context.

Chapter 2 strongly argues for increased attention to the implementation of 
alternative and complimentary service delivery models such as tele-audiology 
and task-shifting within the African context to resolve challenges regarding 
demand versus capacity, as far as audiology personnel and the South African 
population with risk factors for and with hearing impairment are concerned. 
This chapter’s motivation for a paradigm shift in how ear-and-hearing health 
care is provided within the African context is also supported by the proliferation 
of emerging technologies to deliver clinical services. The authors argue that 
taking advantage of these telehealth-supporting technologies will be useful in 
(1) assisting in providing specialised expertise not otherwise available; (2) 
enhancing clinicians’ productivity; and (3) improving access to quality services 
in a cost-effective manner – while utilising paraprofessionals during task-
shifting. Having considered other contextual challenges within the African 
context, this chapter offers clear guidelines for increasing access to preventive 
audiology services while adhering to HPCSA regulated minimum standards 
and ethical standards.

This chapter explores tele-audiology as one of the strategies that the 
authors believe is imperative towards upscaling preventive audiology within 
the African resource-constrained context, with an understanding that other 
models exist and are possible. The authors of this chapter offer a proposal of 
how this model of service delivery would work with the use of three big areas 
of functioning in audiology within the South African context: EHDI, ONIHL and 
ototoxicity monitoring and management. The authors suggest that this 
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service delivery model must take careful cognisance of policy and regulations 
challenges with strict adherence to ethics, human rights and medical law. In 
addition, contextually relevant research must be conducted for any new 
assessment or intervention strategy to ensure a context-relevant evidence base.

Chapter 3 narrows the focus of tele-audiology to the education sector with 
the author recommending a PRIME sustainability model for tele-audiology 
within the South African education sector, following a comprehensive review 
of identified challenges and barriers to the use of this health care service 
delivery model. The barriers and challenges include (1) adoption and 
sustainability challenges, (2) comprehensive service delivery difficulties, 
(3)  guidelines and policy formulation challenges and (4) education and 
training of health care professionals and ongoing quality improvement. These 
barriers pose a threat to the adoptability and sustainability of tele-audiology 
services within the education sector, and careful consideration of these 
barriers is important for the maximum benefit to be obtained. The PRIME 
sustainability model presented in this chapter argues to facilitate the growth 
and maturity of tele-audiology within the African school context and consists 
of processes including the (1) development, revision and ongoing reviewing of 
protocols and guidelines; (2) maintaining and evaluation of test reliability and 
validity, (3) integration and coordination of resources; (4) accessing platforms 
and funding by key role players so that there is a collaborative response 
to  tele-audiology services within this context; and (5) management and 
evaluation of programmes and services for quality assurance.

Chapter 4 further deliberates on the health care service delivery models for 
preventive audiology by delving into more detail on preventive audiology in 
rural communities in South Africa. Guided by the WHO’s (2020) estimates of 
disabling hearing loss, this chapter advances an argument for action to prevent 
hearing loss, especially in the rural areas of LMICs such as South Africa. The 
chapter carefully outlines strategies for hearing loss prevention and deliberates 
on challenges rural communities face in accessing ear-and-hearing health care 
services. It contextualises the current status of hearing health services in rural 
South Africa and proposes an audiology service delivery model that will 
improve access to affordable, cost-effective, quality hearing health care 
services in these rural areas. Based on identified health care challenges within 
rural South Africa, specifically concerning the availability, accessibility and 
affordability of services, this chapter offers solutions and recommendations 
for implementing a community-based service model for preventive audiology. 
The author of this chapter concludes that the community-based service model 
that is suggested can only be achieved by offering services that (1) are person-
centred in their approach, (2) are responsive to patients’ needs, (3) are 
adaptable to changing hearing health care needs, (4) are accountable, and 
(5) are collaborative.
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The aforementioned principles around efficient service delivery models 
permeate the rest of this book’s chapters. Chapter 5 takes the challenge 
of prevention of middle ear pathologies further, as these pathologies are 
persistently high in African countries because of multiple risk factors that are 
predominant in these regions (DeAntonio et al. 2016; Sebothoma & Khoza-
Shangase 2018; Tshifularo et al. 2013; Vajpayee, Negi & Kurapati 2013). While 
middle ear pathologies can be cured if identified early, the prolongation of 
these pathologies within the middle ear cavity can increase their severity, 
cause permanent hearing loss, and penetrate and damage other adjacent 
auditory organs (Minovi & Dazert 2014). Consequently, costly specialised 
services that are predominantly offered by otorhinolaryngologists may be 
required to deal with the sequelae. However, the extreme shortage of 
otorhinolaryngologists and the high levels of poverty in South Africa may 
restrict access to these services. Therefore, preventive measures become 
crucial. Although the chapter focuses specifically on the prevention of middle 
ear pathologies, which have been reported to be increasing in prevalence in 
LMICs, the recommendation of a programmatic approach to the delivery of 
preventive initiatives can be applied more widely in preventive audiology. 

The authors of this chapter argue that one of the key reasons why 
traditional models of service delivery do not yield positive preventive 
outcomes within the South African context is that these models of service 
delivery function in ‘silos’ within limited resources contexts, outside of 
contextually conceived health care programmes that are burden-of-disease 
and priority-list driven. This chapter, therefore, suggests the alignment of 
preventive audiology initiatives to the SADoH’s programmatic health care 
approach, which is located within the re-engineered primary health care 
model. This chapter correctly argues that this programmatic approach may 
provide an alternative way to prevent middle ear pathologies (and general 
ear and hearing impairments) by enabling a wider coverage of cases which 
would not ordinarily be seen under traditional approaches, including those 
at a greater risk of developing these pathologies and impairments. This 
chapter also recommends that existing programmes should incorporate 
current technologies (such as asynchronous tele-audiology) and sensitive 
measures to increase access and coverage within an ear-and-hearing health 
care model that includes task-shifting and telepractice as a human 
resource strategy.

The chapter concludes by suggesting that a programmatic approach to 
preventive audiology aligns well with the goal of universal health coverage, as 
it forces health professionals and policymakers to begin deliberating on new 
approaches to health care delivery and ways of increasing coverage, improving 
access and achieving early identification, thereby allowing for early 
intervention. Within already existing programmes in South Africa, the authors 
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propose that audiologists and otorhinolaryngologists do not need to conceive 
additional programmes but can be incorporated and collaborate within the 
existing ones. Authors of this chapter caution that while a programmatic 
approach may be beneficial, careful planning, implementation and monitoring 
are required to ensure that existing programmes are not strained and that 
health care providers such as paraprofessionals are not overwhelmed with the 
expansion of their current scope of function. These are important 
considerations, particularly in contexts, such as rural communities, where the 
limited numbers of health care professionals must function far beyond their 
scopes of practice because of capacity versus demand challenges.

The principle of programmatic approach to preventive audiology continues 
to be illustrated in Chapter 6. This chapter addresses another burden of ear 
and hearing disease within the South African context, ototoxicity and the 
perceived role and value of preventive audiology. Because of the reality of 
the high prevalence of conditions such as tuberculosis, cancer, HIV and AIDS 
in the South African context (Khoza-Shangase & Masondo 2020), ototoxicity 
is one condition requiring careful preventive measures as it is preventable, 
and or its degree and effects are significantly minimisable if early detection 
and intervention protocols are followed. This chapter deliberates on 
contextually relevant evidence based on ototoxicity, with a careful look at the 
implementation of and adherence to guidelines as per the HPCSA’s (2018) 
national guidelines on the assessment and management of patients 
receiving  ototoxic medications. The chapter calls for standardisation and 
systematisation of ototoxicity monitoring protocols for clinical sites where 
ototoxic medications are prescribed and advocates for a clear and centrally 
located role of audiologists as part of the treatment team to eliminate and or 
minimise ototoxicity within the South African context. The author provides 
evidence that supports a pharmaco-audiology vigilance strategy within the 
South African context that will facilitate accurate, cost-effective, well-
organised and dependable comparisons of data within and between patients, 
treatments and treatment sites. This chapter argues for pharmaco-vigilance 
as one of the key preventive audiology strategies requiring careful 
consideration within resource-constrained contexts. Risk-benefit deliberations 
are presented, with recommended solutions, including the role of task-shifting 
and tele-audiology in the implementation of preventive measures including 
ototoxicity monitoring. The chapter concludes that considerations of contextual 
realities when it comes to pharmacological treatments and their potential role 
in causing hearing loss will ensure contextual relevance and responsiveness of 
protocols and programmes adopted.

This principle of programmatic approaches to preventive audiology is seen 
again in Chapter 7 where EHDI is conceptualised as a cost-effective and risk-
reducing programme, which can be firmly located within preventive health 
care. This chapter comprehensively illustrates how three levels of prevention 
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(primary, secondary and tertiary) are vital for EHDI, particularly as each level 
addresses an aspect within the continuum of care for all newborns and infants. 
The author argues that secondary prevention and tertiary prevention entail 
more involvement from the audiologist and demonstrates how. Because of 
human resources in health care being a significant and documented challenge 
within the South African context, the chapter calls for creative solutions to 
address this challenge and ensure widespread implementation of NHS 
programmes – the initial, first step to any EHDI programme. The author of this 
chapter believes that the South African government’s plans regarding re-
engineering primary health care and universal health coverage may form a 
good platform for integrating preventive audiology but, more specifically, 
secondary prevention. Solutions that have been echoed in other chapters with 
regard to the resource-constrained context of South Africa are offered, 
including task-shifting, tele-audiology application and considerations for 
mHealth technology as a means of data management and tracking. An 
effective data management system that is not naïve to the reality that South 
Africa has a migration-influenced health care system is critical for preventive 
audiology initiatives to succeed, because continuity of care is an important 
aspect as well (Khoza-Shangase 2021). The continuity of care as far as EHDI is 
concerned raises the importance of holistic patient care in this population, 
which involves family-centred/caregiver-centred interventions.

This philosophy of family-centred EHDI is deliberated in detail in Chapter 8. 
In this chapter, the author asserts that, within the South African context, the 
benefits of early detection of hearing impairment ensued by an effective and 
timely intervention programme for hearing-impaired children are only possible 
if caregivers are viewed and treated as key co-drivers of EHDI programmes. 
The argument presented in the chapter is that such early intervention 
programmes need to involve all relevant disciplines, be in alignment with 
current ICT advancements and, most importantly, be in tune with the specific 
context (family, community, country) in which the child functions, hence the 
strong argument for a caregiver-centred approach. This argument is presented 
following the exploration of published evidence on the role of caregivers 
within families in EHDI programmes while arguing for caregiver-centred 
(family-centred early intervention [FCEI]) approaches to all EHDI processes 
within the South African context. The author concludes that being caregiver-
centred, therefore FCEI, is key to positive outcomes for children with hearing 
impairment and that this is particularly true for South Africa, with contextual 
challenges of an LMIC that is culturally, linguistically and socio-politically 
diverse. The author strongly argues that FCEI should drive all clinical care 
initiatives, as the principles in which FCEI is based on embracing the Afrocentric 
ethos of ubuntu as asserted by Khoza-Shangase (2019, p. 77).

Caregivers’ involvement in the entire EHDI process throughout their child’s 
development journey is influenced by several factors, and this chapter 
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discusses these factors for practitioners to be well prepared for them when 
planning, implementing and monitoring EHDI services that involve caregivers. 
The author acknowledges that while there is generally not one factor that 
caregivers isolate as the cause of their lack of and or suboptimal involvement 
in the EHDI process, but instead an interaction of factors over time, one 
predominant theme is evident from the evidence reviewed in this chapter. 
At the core of EHDI success is caregiver involvement and routine adoption of 
family-community-centred approaches by clinicians. The evidence reviewed 
in this chapter also raises implications for research, teaching and clinical 
service provision that puts caregivers at the centre of all EHDI initiatives, 
including all preventive efforts from prenatal care to intervention where 
negative sequelae of hearing impairment are minimised or eliminated.

Because hearing impairment in children is complex and can occur in the 
presence of other conditions (Ehn et al. 2019), minimisation of the impact of 
hearing impairment needs to happen in all these populations as well. Chapter 9 
explores challenges with early intervention in the deaf-blind child – an 
umbrella term denoting any degree of combined vision and hearing 
impairment. Within this rather neglected area in audiology because of the 
argued small incidence of children in this population, the chapter argues for 
increased focus on this neglected sub-population in preventive audiology, 
through health promotion and prevention or minimisation of the impact of 
disability-related sequelae on the deaf-blind child. The authors deliberate on 
the different prevention interventions (primary, secondary and tertiary) for 
deaf-blind children while providing recommendations on enhancing their 
quality of life. While acknowledging that deafblindness as a disability cannot 
be completely eradicated, the authors believe that its incidence can be 
significantly reduced, thus alleviating the burden of disease in countries 
already facing challenges in terms of accessing health care services and 
hence their recommendation for the audiology community to advocate for 
more primary and secondary prevention methods in the management of 
deaf-blind children. They argue that preventive audiology initiatives, 
particularly EHDI, have a significant role to play in potentially preventing 
deafblindness and minimising its deleterious consequences. They assert that 
in primary prevention, preventive audiology can contribute through campaign 
drives highlighting the risk factors associated with deafblindness in developing 
children and that in secondary prevention, early detection and intervention of 
deaf-blind children can occur as part of EHDI programmes. Finally, in tertiary 
prevention, the authors suggest that preventive audiology interventions can 
focus on providing aural habilitative services, reasonable accommodation 
access to information and resources for the child and their families, within a 
collaborative programmatic approach to early intervention provision to 
prevent the negative sequelae on development and quality of life.
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The negative sequelae of EHDI programmes include economic consequences, 
which can be detrimental to the programme if sufficient and comprehensive 
economic evaluations are not conducted. Chapter 10 weighs in on this negative 
outcome of EHDI in more detail. The chapter is premised on the reality that, 
even with the most outstanding preventive health care strategy, because of 
causes such as genetic factors, hearing impairment will always be present, 
albeit in smaller numbers. Based on the HPCSA’s (2018) position that EHDI 
services must ensure optimum, cost-effective solutions, this chapter discusses 
the need for cost-effectiveness analysis of EHDI programmes for the purpose 
of developing robust evidence of the positive outcomes associated with these 
programmes in the South African context, with the aim of placing EHDI 
programmes on the political advocacy and resource allocation agenda of the 
South African government. The author discusses cost-effectiveness of EHDI 
programmes with due recognition of the South African resource-constrained 
health care system, sustainable development goals (SDGs) and universal 
health care coverage. This chapter also outlines cost-effectiveness frameworks 
and provides a discussion of studies conducted in the field of audiology using 
these frameworks, with a specific focus on the cost-effective analysis (CEA) 
framework. Recommendations are made on the use of CEA to give EHDI 
programmes the political and funding support they need within the South 
African context. The chapter concludes that, within the African context, for 
EHDI to garner support from policy and legislature as well as budget allocation, 
cost-effectiveness needs to be established, and therefore, audiologists need 
to increase their understanding and use of CEA in the field of audiology to 
advocate for change. The WHO (2014) maintained that measurable economic 
returns are gained by investing in health in general, not only by the health 
sector but also by other sectors, as well as the wider economy of the country, 
and this chapter demonstrates this well with EHDI as a case study within the 
South African context.

In Chapter 11, the author deliberates on noise as an occupational and 
environmental hazard. This chapter explores various ways of preventing NIHL 
at the different levels of prevention to achieve the key objective of HCPs, 
which is to eliminate the presence of noise as a risk factor, thereby preventing 
the development of NIHL in people exposed to hazardous noise. The author 
argues that the principles underpinning HCPs are aligned to health promotion 
and disease prevention interventions; hence, this chapter seeks to demonstrate 
how disease prevention interventions complement the HCP pillars and the 
hierarchy of noise control. The author bases the arguments presented in the 
chapter on the philosophy that ‘prevention is better than cure’ and that timely 
interventions can be less costly and more effective than providing services 
later in life (Borysiewicz 2009; Khoza-Shangase & Moroe 2020) and makes 
recommendations aimed at mitigating against factors that negatively 
contribute towards the success of effective health promotion and prevention 
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of environmental and ONIHL, particularly in South Africa. These 
recommendations are geared towards specific stakeholders at national and at 
occupational levels. Nationally, after placing audiologists on the agenda of 
public health initiatives, one of the key recommendations put forward is raising 
awareness about the impact of noise on the quality of life and the well-being 
of the community at large, as well as increasing awareness about the need to 
include hearing acuity when other medical screenings are undertaken 
nationally. Occupationally, the author suggests that HCPs implemented in the 
workplace be responsive to the needs of the population exposed to excessive 
noise and that these are implemented accordingly.

Chapter 12 narrows the focus of the impact of noise to occupational 
exposure, with the author arguing for increased efforts towards the 
development of contextually relevant and responsive evidence in ONIHL and 
HCPs as part of preventive audiology initiatives within the African context. 
This chapter has gathered and compiled current evidence in identified areas 
in occupational audiology and contextualised this within the African context. 
The author describes and discusses findings while highlighting implications 
for the field of audiology, engineering and occupational audiology. This 
chapter is premised on the reality that the prevalence of occupational hearing 
loss (OHL) remains high in LMICs such as South Africa (Ntlhakana et al. 
2020b). The author believes that this is a severe condemnation to occupational 
health as hearing loss is recognised to be a heavier burden in LMICs than in 
HICs, particularly in a country like South Africa with significant socio-economic 
inequality, where OHL can become a barrier to employment prospects and 
opportunities for the individual affected (Thorne 2006). The author emphasises 
that determining the status of OHL and its management in LMICs is vital if 
tactical planning around it is to be systematic and successful and recommends 
that LMICs learn from HICs, but for Africa, ensuring Afrocentric application of 
available evidence is key to successful implementation and monitoring of 
preventive audiology measures in ONIHL to achieve zero ear harm.

Ensuring zero ear harm, while learning from HICs, lastly, Chapter 13 
continues on this NIHL vein but focusing more on data capturing and analysis 
methods utilised in HCPs and how these, if used properly, can lead to successful 
preventive audiology outcomes in ONIHL. The complex nature of ONIHL, with 
the additional complexity brought by the diverse nature of the occupational 
exposures specific to the South African mines, mostly different types of noises 
emitted by various mining equipment, at different exposure levels, calls for 
interventions that are based on comprehensive, valid and reliable data 
(Ntlhakana et al. 2020a, 2022). The authors argue that ways of managing 
miners at risk for ONIHL must be reimagined and predictive tools in preventing 
ONIHL need to be further explored within the South African context. The 
design of reliable models to predict ONIHL is discussed, and its reliance on the 
internal and external validation done by machine learning models deliberated 
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on, all aimed at providing more reliable predictions of ONIHL in larger sample 
sizes. Application of machine learning models in predicting ONIHL is a new 
concept in the South African mining industry, and this chapter introduces 
rationale and opportunities for these models for the prevention and early 
identification of ONIHL. The authors conclude that because of the high 
prevalence rates of ONIHL recorded in South African mines, availability of the 
mines’ HCP electronic data and availability of the miners’ electronic medical 
audiometry records, there is a need to explore machine learning analysis 
methods as part of efforts towards preventing ONIHL in this context.

1.3. Conclusion
The role and value of preventive audiology cannot be underestimated, 
particularly in resource-constrained contexts such as LMICs. The availability of 
international evidence and guidelines does not automatically solve challenges 
related to ear and hearing problems in all contexts because of feasibility 
difficulties encountered and contextual challenges confronted in various 
contexts. The differences in influencing factors, risk registers (and portfolios 
of risks) across the lifespan, protocols adopted, availability of resources 
(including capacity versus demand ratios) and others call for contextualised 
solutions to the provision of ear and hearing services. Specifically, these 
differences call for assessment and intervention modifications that are 
responsive and relevant to the context, research that is local needs driven for 
local benefit and clinical focus that will facilitate the emergence of ‘next 
practice’ and not just adopts ‘best practice’ within this context. Within the 
South African context, establishing contextually relevant best/next 
practice  requires adherence to principles reflected in the National Health 
Insurance (NHI) Plan, as well as assessment and intervention that takes 
careful  cognisance of epidemiological data and linguistic and cultural 
diversity  data that are evidence-based and context-driven. Heightened 
contextual awareness facilitates vigilance-driven services (e.g. pharmaco-
vigilance, noise vigilance, burden of disease vigilance, risk factors vigilance 
and concomitant or synergistic factors vigilance) that ensure context 
responsiveness, context relevance and context responsibility in all preventive 
audiology initiatives. Where assessment and intervention strategies call for 
changes, such as task-shifting and training of paraprofessionals, national 
deliberations around minimum standards of training, regulations of practice 
and resource allocations around this model of care should occur.

This book is a research-driven introduction of preventive audiology as a 
paradigm of ear-and-hearing health care within the African context. It is 
aimed at providing current, contextually relevant and responsive evidence 
related to preventive audiology in LMICs, with a very specific focus on the 
African context using South Africa as a case study. The book, which is the 
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first volume, comprehensively covers preventive audiology in four ear and 
hearing burdens of disease, with careful consideration of solutions and 
recommendations that are contextually relevant. The recommendations 
and solutions provided have considered the risks versus benefits of all the 
audiology clinical initiatives/interventions/programmes presented in 
accordance with contextual relevance, contextual responsiveness and 
contextual responsibility/accountability. The interventions/programmes 
explored are systematic and comprehensive, have a strategic plan behind 
them and involve ear and hearing practitioners in the conceptualisation, 
development and monitoring, with creative solutions for the implementation 
aspect to meet the South African demand versus capacity challenge. 
However, what is presented in this book may be applicable to other LMICs, 
similar to the South African context, where preventive audiology forms part 
of ramping up efforts towards ear-and-hearing-healthy nations.
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2.1. Introduction
The well-documented challenges regarding capacity versus demand in 
audiology human resources and the South African population at risk of and 
with hearing impairment call for a paradigm shift in how ear-and-hearing 
health care is provided within this context. One key shift in thinking involves 
using different service delivery models and task-shifting in preventive 
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audiology service provision. The  practical use of existing and emerging 
technology to provide clinical services can assist in providing specialised 
expertise not otherwise available, enhance clinicians’ productivity and expand 
access to quality services in a cost-effective way while utilising paraprofessionals 
in task-shifting. Successful, ethical and safe task-shifting of services within the 
audiologists’ scope of practice requires effective and efficient management 
by practicing audiologists and is a model of service delivery that has not been 
widely utilised within the South African audiology community (Khoza-
Shangase 2022).

In LMICs such as South Africa, the provision of preventive audiology at all 
levels (detailed in ch. 1) is confronted by numerous factors, with capacity versus 
demand challenges being one of the key difficulties. Tele-audiology is an 
opportunity requiring thoughtful consideration within preventive audiology in 
these contexts, with the advent of coronavirus disease 2019 (COVID-19) 
highlighting this opportunity even more. Its use within these contexts is at its 
infancy, with limited evidence in the field of preventive audiology. This chapter 
explores tele-audiology as one of the strategies, which the authors believe is 
imperative to upscaling preventive audiology within the African resource-
constrained context. The chapter provides deliberations around preventive 
audiology in South Africa, with an exploration of challenges faced by audiologists 
within this context. This discussion is carried out to raise a need for consideration 
of telehealth and task-shifting as a strategy to bridge some of the identified 
barriers to service delivery of audiology care within this context. A definition of 
tele-audiology, a proposal of how it would work, an argument for its importance 
in preventive audiology within the South African context and a description of 
how it can be applied within this context are provided. Three key areas of 
functioning in audiology are given as case examples: 

 • EHDI
 • ONIHL
 • ototoxicity monitoring and management. 

An inclusive approach has been adopted in this chapter, which includes 
asynchronous tele-audiology, remote patient monitoring and real-time tele-
audiology. The chapter ends by identifying tele-audiology challenges with 
implementation and providing solutions within preventive audiology.

Globally, WHO (2018) estimated that greater than 6.1% of the global 
population lives with disabling hearing loss. This constitutes approximately 
466 million persons, with 93% (432 million) being adults, one-third over the 
age of 65 years and 7% (34 million) children. The WHO estimates that the 
number of people with disabling hearing loss will increase over the years, with 
estimates of up to 630 million people by 2030 and over 900 million people by 
2050. Closer to home, the prevalence of hearing impairment is reported to be 
higher in sub-Saharan Africa than in other regions of the world (Mulwafu, 
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Kuper & Ensink 2016; Wonkam Tingang et al. 2020). It is argued that these 
numbers will increase over the coming decades, with presbycusis and hearing 
loss related to the burden of diseases, such as tuberculosis (TB) and human 
immunodeficiency virus (HIV), most prevalent in this context (Christopher 
et al. 2013; Khoza-Shangase 2010, 2017; Tshifularo, Govender & Monama 2013) 
and influencing the numbers. Farmer et al. (2010) also predicted that 70% of 
cancers will be reported in LMICs by 2030, including cancers of the ear, nose 
and throat. The implications of cancer treatments on hearing function are also 
a concern in these contexts. All these factors indicate a strong need for the 
consideration of more innovative models of ear-and-hearing health care 
service provision in sub-Saharan Africa and other similar LMIC contexts.

The Speech, Language and Hearing (SLH) Professions Board of the HPCSA 
strongly advocates for best-practice-guided assessment and intervention 
services within service delivery models that are contextually, linguistically and 
culturally congruent with the South African context and population (Khoza-
Shangase 2020). This best practice includes the use of telehealth and mobile 
practice in rendering clinical services. Despite this call and the demands raised 
by the COVID-19 pandemic, not much has been achieved to align the use of 
telehealth in audiology with service delivery models within the South African 
context. The literature on tele-audiology in South Africa has focused primarily 
on reaching many people who live in underserved areas (Dawood et al. 2020; 
Sandström et al. 2020; Van Wyk, Mahomed-Asmail & Swanepoel 2019). Given 
that South African audiological practice is still based on Euro-Western 
epistemology and ideology (Khoza-Shangase & Mophosho 2018, 2021), there 
is a need for careful consideration and deliberation around the delivery of 
audiological services through telehealth systems. The authors of this chapter 
believe that if these deliberations and considerations are not carefully 
conducted, telehealth may continue to perpetuate the colonial audiological 
service delivery that is not culturally appropriate nor adhere to the Health 
Professions Act of 1974 as well as to the South African constitution.

Khoza-Shangase (2020) argued that SLH services must consider all the 
contextual attributes to respond appropriately and optimally to those who 
receive the services. This allows for innovation that leads to next practice, 
while observing health priorities and the burden of disease within the South 
African context. Consequently, this author asserts that SLH services that are 
naïve of context run the risk of being irrelevant and costly for the patient, the 
State and the SLH professions. Such services are bound to be less or non-
efficacious. Within a resource-constrained context such as South Africa, such 
services are also bound to be inaccessible to the majority who need them. 

Audiology, as one of the health care services, also falls under the WHO’s 
call for universal health coverage (UHC), which can be termed universal 
audiology coverage (UAC). The WHO’s Director-General, Dr Tedros Adhanom 
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Ghebreyesus, asserts that ‘all roads lead to universal health coverage’, while 
acknowledging that countries ‘take different paths – using either public or 
private providers’ (Ghebreyesus 2017). However, this Director-General also 
highlights that countries ‘will need to know where they stand on universal 
health coverage, benchmarked against others’. Furthermore, he emphasises 
that UHC is not an end in itself but supports the realisation of the additional 
health-related UNESCO sustainable development goals (SDGs). The African 
audiology profession needs to respond to this call and ensure that UAC is also 
achieved.

In South Africa, UAC, similar to UHC, is nowhere near being achieved. The 
SADoH aims to achieve UHC in the near future by implementing the NHI to 
tackle the stark divide in health care between the rich and the poor (Keeton 
2010; National Health Insurance Bill 2019). Currently, numerous challenges 
have been identified towards the achievement of UHC in South Africa, hence 
the passing of the NHI bill (2019). Health financing is one of the key challenges 
facing the South African government, which leads to cascading other barriers 
toward UHC (and consequently barriers to UAC). The capacity versus demand 
challenge emanates from these financing difficulties and rages on as one large 
obstruction to the delivery of health care services, particularly in the public 
health care sector, which provides for the underprivileged who constitute 
approximately 80% of the South African population. 

Fagan and Jacobs (2009) reported in their survey conducted in sub-
Saharan countries that there is an extreme shortage of hearing health 
professionals such as audiologists, speech-language pathologists and 
otorhinolaryngologists, and this remained the same in the later survey 
(Mulwafu et al. 2017). Mulwafu et al. (2017), in their review of the 2015 
survey of otorhinolaryngology services in sub-Saharan Africa, found that 
otorhinolaryngology, audiology and speech therapy services and training 
opportunities in sub-Saharan Africa have remained stagnant over the years. 
Specifically, this study found that between 2009 and 2015, the number of 
otorhinolaryngologists had risen by 43%, audiologists by 2.5%, and speech 
therapists by 30%. When considering the size of the population, these findings 
indicated that the number of these professionals had decreased per 100,000 
people in four countries. This is because the population surveyed also 
increased from 486 million to 600 million. For example, in 2015, there were 
444 audiologists in a population of 55.4 million, which represented less than 
one audiologist per 100,000 people. In a South African study, Pillay et al. 
(2020) found that available hearing health professionals registered with the 
HPCSA are located mainly in three provinces, namely, Western Cape, Gauteng 
and KwaZulu-Natal. These professionals are reported to provide services 
primarily in private practices, making accessibility to the majority of the 
population challenging. It is even more concerning that in a population of 
approximately 80% black Africans (StatsSA 2019), only 15.2% of the SLH 
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professionals are black Africans (Pillay et al. 2020). Implications of this are 
significant when considering the documented impact of language and culture 
in clinical health care service provision (Flood & Rohloff 2018). Mulwafu et al. 
(2017) argued that this clear capacity-to-demand challenge can be overcome 
through increased collaboration with private organisations and HICs, the 
development of new and improved current training programmes in Africa, and 
task-shifting some services to primary health workers. Task-shifting has been 
successfully implemented in mental health and other areas of health care 
practice and medicine (Bolton 2019; Magidson et al. 2017) but to a lesser 
degree in audiology, particularly in South Africa.

Section 27 of the South African Bill of Rights in the Constitution guarantees 
every citizen access to health services. The South African health care system 
comprises the public sector (managed by the government) and the private 
sector, which is privately financed and requires ownership of medical aid 
(medical insurance) to access primary health care services. The public health 
services have three main levels of care (primary, secondary and tertiary) that 
exist under and are administered by the nine provincial departments of health. 
South Africans can access health care services in either of these two sectors; 
however, financial standing determines the ability to access private health care. 
As a result of the socio-economic inequalities in South Africa, a majority of the 
population access health care in the public sector, where the primary health 
care (PHC) approach is the preferred government approach. Within the private 
health sector, individual health care practitioners who run private practices or 
surgeries independently or within private hospitals provide health care services. 
These private health care services are mainly found in urban areas, which 
implies a lack of access for the 64.7% of the population who are reported to 
reside in provinces that are largely rural in nature (Gordon et al. 2020; Mahlathi 
& Dlamini 2015). Naidoo (2012) reported that only 16% of the population access 
private health care, with 84% requiring public health care, and this inequality in 
access does not seem to change (Gordon et al. 2020; Mhlanga & Garidzirai 2020). 

With the aforementioned health care distribution wherein over 80% of the 
South African population depend entirely on public health facilities, the fact 
that only 30% of specialists in the country work in the public sector and fewer 
than two out of 10 SLH practitioners working in public facilities (Khoza-
Shangase 2019), clear capacity versus demand challenges are evident. Khoza-
Shangase and Moroe (2020) argued that this capacity versus demand 
challenge becomes far pronounced in settings less viewed as conventional 
spaces of practice for audiologists in South Africa, such as in occupational 
audiology settings. Current statistics indicate negligible numbers of SLH 
professionals registered with the HPCSA by January of 2020, for the size of the 
South African population of over 55 million. Explicitly, only 1612 speech 
therapists and audiologists, 788 audiologists and 164 hearing-aid acousticians 
were registered for this whole population, for provision of ear-and-hearing 
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health care services in both the public and private health care sectors. In 
provinces where mining is mainly found as an industry, including North West 
(7), Limpopo (23), Mpumalanga (47) and Northern Cape (11), an even lesser 
number of audiologists are found. These negligible numbers of SLH professionals 
clearly illustrate the capacity versus demand challenge in the country (Khoza-
Shangase 2019), with obvious implications for the implementation and 
monitoring of preventive audiology initiatives such as HCPs, ototoxicity 
monitoring and management and EHDI, to name a few. Within the available 
health spending, this capacity versus demand challenge underlines the value 
of investigating tele-audiology for preventive audiology within this context.

Health spending in South Africa has been reported to be challenging during 
low economic growth and fiscal constraint, with health-focused expenditure 
transpiring in over 10 years of little national economic growth and increasing 
input costs (Blecher et al. 2017), and the recent grading of the economy to 
‘junk’ status (Wallace 2020). Ratings agency Moody’s Investors Service shifted 
South Africa’s credit ranking to ‘junk’ status on 27 March 2020 because of the 
country’s slowdown in economic growth and increasing debt burden (Wallace 
2020). Wasserman (2020) argued that this poor economic status will 
deteriorate during the COVID-19 pandemic, as South Africa will lose billions in 
tax income during the lockdown while having to inject more money into a 
recessionary economy, money the country does not have. The South African 
government would need to pay extra in interest, which has negative implications 
for the allocation of money for services, such as health care, education and so 
on, and less infrastructure investments. This economic challenge has led and 
will continue to steer the health sector to respond in various ways, which raises 
serious implications for UHC as well as UAC and audiology service delivery 
within the South African context. The numbers of health care personnel and 
practitioners have been significantly reduced, with a number of posts getting 
frozen when vacated. There has been a focus on greater savings on medicine 
tenders, the establishment of ministerial ‘non-negotiable’ budget items, 
budget cuts on administration and expenditure as well as on buildings and 
medical equipment, budget cuts on capital projects and equipment purchases, 
with increased emphasis on PHC (Blecher et al. 2017; Nyasulu & Pandya 2020), 
and most recently prioritising COVID-19 management – arguably – at the 
expense of other burdens of disease (Wallace 2020). The staff crisis, particularly 
in the public sector, compromises the quality of care and leaves the existing 
staff overworked. Khoza-Shangase (2020) argued that all these challenges 
affect any health care initiative, particularly those initiatives seen not to be 
targeting ‘life-threatening’ conditions and are therefore less priority, such as 
SLH services, and most rehabilitation services, under which audiology falls. 

Provision of preventive audiology services, therefore, becomes a significant 
challenge to implement within the South African context where it has to vie 
for attention with the life-threatening burdens of disease that are highly 
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prevalent, such as HIV, AIDS and TB. Audiology services within this context, 
which are contextually relevant and responsive, can only succeed if innovative 
service delivery models within programmatic approaches to health care are 
adopted. For example, incorporation of audiology in the three major audiology 
areas that are the focus of this chapter (EHDI, ONIHL, and ototoxicity 
monitoring and management) may be facilitated in national health care 
programmes, such as MomConnect, First 1 000 days, Striving for zero-harm, 
and TB/HIV Collaborative Programme, respectively. Task-shifting and the use 
of tele-audiology within such programmes would be one of the innovative 
ways of addressing access within this capacity versus demand-challenged 
context. Chapters 3, 4 and 5 delve into such programmatic approaches for 
preventive audiology within the South African context.

2.2. Task-shifting and tele-audiology
Task-shifting is a process of delegation in a resource-constrained context, 
where tasks not requiring specialisation are moved, where appropriate, to less 
specialised personnel (WHO 2008). The WHO (2008) argued that by 
reorganising the workforce in this manner, this process offers a practicable 
answer for improving health care coverage by efficiently utilising the already 
available human resources and by rapidly expanding capacity while training 
and retention programmes are increased. Task-shifting was encouraged by the 
international consensus that recognised an urgent need for advancements in 
the functioning of health systems, including meaningful bolstering of human 
resources for health, to be able to achieve UHC. This is why this process is 
imperative for the South African audiology community where significant 
capacity versus demand challenges exist. Authors of this chapter believe that 
task-shifting, coupled with tele-audiology to maintain quality of care, is an 
innovative way of exploiting and converging both the already available financial 
and the human resources and resources that can be procured for the size of 
the population requiring preventive audiology services in the African context.

Task-shifting has been adopted in several countries for years to address 
capacity versus demand challenges because of the shortage of higher-skilled 
health care workers (Fulton et al. 2011; WHO 2017). As useful as it can be to 
increase access to services, particularly in LMICs, task-shifting has its 
weaknesses and challenges, specifically in the absence of regulations and 
monitoring. In Ghana, Baine, Kasangaki and Baine (2018), in a study on Task-
shifting in health service delivery from a decision- and policymakers’ 
perspective, found that since 1918 in that country, task-shifting had been 
applied with least compliance to the WHO (2008) recommendations and 
guidelines. They also found that the country had no national policies and 
guidelines on the implementation of this process and that a majority of 
policymakers and decision-makers in that country were not in support of 
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task-shifting because of their perception that the less-skilled health workers 
were incompetent. 

Within the field of SLH in South Africa, attempts at task-shifting failed 
significantly in the past with the negative experience of mid-level workers in 
the form of a former 2-year Speech and Hearing Therapy (Community Work) 
Diploma training that was offered by the University of the Witwatersrand in 
1984, motivated for by the South African Speech Language and Hearing 
Association (SASLHA), with the goal of expediting the training of black 
people in the SLH field (Aron 1984, 1986, 1987, 1989). With the conceptualisation 
of this task-shifting initiative not being sound, the documented motivation 
being racially grounded, the scope of work ill-defined and non-regulated, 
uncertainties and poor control around the type of practice (independent 
versus supervised practice), as well as training challenges, were documented. 
Tshule (1994) investigated the experiences of the students and staff who 
were part of this diploma programme and found extreme dissatisfaction with 
the programme, not only from students but also from staff involved in 
training. Students found the diploma not to be challenging. It was not 
appropriate for the job they were supposed to perform, it did not allow them 
to be gainfully employed, and it did not offer them any career progression 
opportunities. That is beside the fact that it failed to meet the minimum 
expectations of students and its objectives were deemed inappropriate by 
the training staff.

To prevent a repeat of this negative experience for the SLH professions, the 
HPCSA has set up a scope of practice, a training curriculum and regulations 
for mid-level workers. Should the concept of task-shifting be embraced by the 
DoH, these cadres would need to be employed in that sector under supervised 
practice, which implies a need for strong political will around the DoH’s human 
resource strategy that is more responsive to the contextual needs. As part of 
task-shifting initiatives, Pillay et al. (2020) strongly argued for mid-level 
worker role development as a key strategy to address the South African SLH 
workforce challenge in a cost-effective and pragmatic manner in order to 
increase access to SLH services currently and in the future. 

Baine et al. (2018) recommended that task-shifting be used only:

1. in the presence of supervision and education systems that are sufficiently 
resourced, effective, supportive and ongoing

2. in the context where qualified health care workers continue to be trained 
and increased in the human resource strategy (where task-shifting is not 
used to replace qualified personnel)

3. where conditions of service are conducive for human resource motivation 
and retention

4. where all this is guided and supported by the country’s national policy and 
frameworks to underpin implementation. 
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Lehmann et al. (2009) earlier shared similar sentiments about task-shifting as 
an answer to the human resources crisis in Africa. These authors argued that 
any long-term task-shifting success depends entirely on the sitting 
government’s strong political will and fiscal commitments. These authors 
asserted that this process requires (1) an integrated and comprehensive 
reconfiguration of health teams, (2) adapted regulatory frameworks and 
scopes of practice, (3) improved training infrastructure and (4) access to 
dependable medium- to long-term funding (Lehmann et al. 2009, p. 1), which 
within the South African context, the authors believe can be done within the 
envisioned NHI.

The importance of enabling national-level governance that ensures 
availability and implementation of an appropriate facilitatory regulatory 
framework, as well as relevant policies, governance that influences and 
supports training institutions and ensures the availability of sufficient 
resources, and governance that reins in the cooperation of the various 
stakeholders is highlighted by these authors. These facilitators are key for 
task-shifting to be efficient and effective and significantly contribute toward 
developing relevant, effective, equitable and sustainable health care systems. 
The authors of this chapter support these recommendations around facilitators 
for successful implementation of task-shifting and suggest that in the South 
African context, telehealth (tele-audiology) can be utilised as a service delivery 
model to ensure that access through task-shifting occurs within programmes 
that will maintain minimum standards as prescribed by the HPCSA.

Although task-shifting and tele-audiology offer promise to deliver service 
to marginalised communities, there is a need to re-imagine how it would work 
in the context of South Africa and other LMICs. Khoza-Shangase, Moroe and 
Neille (2021a) advanced significant benefits of telepractice within the South 
African context under five themes: 

1. training and preparation yield favourable outcomes
2. use of telepractice within a hybrid model that includes task-shifting is best
3. telepractice allowing for cost-effectiveness of the service delivery
4. access to service provision and supervision that could be external to the 

South African borders (internationalisation)
5. modality outcomes that yield similar outcomes and are comparable. 

In re-imagining the use of tele-audiology and task-shifting within the African 
context, widespread use of task-shifting and tele-audiology should be carefully 
done in a manner that does not perpetuate an arguably colonial-based service. 
Therefore, there is a need for serious deliberation around the implementation 
of this shift in paradigm. One such deliberation is with regard to individuals 
who are responsible for planning and implementation. This means that task-
shifting and tele-audiology may need to take a bottom-up approach, where 
various individuals, including those with hearing disability, are involved in all 
phases of planning, implementation and monitoring.
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Conventionally, community health workers (CHWs) and volunteers have been 
shown to play a critical role in audiology task-shifting through tele-audiology 
(O’Donovan et al. 2019). Biagio et al. (2013) showed that facilitators (i.e. 
volunteers) can provide a platform for asynchronous tele-audiology, while 
Hussein et al. (2018) later showed that CHWs can be trained to use smartphone 
hearing screening using the mHealth system. Although South African nurses 
may be overworked (Oosthuizen & Ehlers 2007), nurses may be ideal to ensure 
that universal newborn hearing screening is successfully implemented within 
birthing facilities across the country. Khan, Joseph and Adhikari (2018) and 
Khoza-Shangase et al. (2017) emphasised that nurses should be capacitated 
to conduct hearing screening because they are the most accessible health 
care personnel at all levels of health care. Fulton et al. (2011) recommended 
the use of technology with task-shifting and viewed this as a policy option 
that has the potential to raise the practical and creative efficiency of health 
care delivery, expanding the number of quality services offered cost-effectively.

Mundeva et al. (2018) raised critical ethical issues that need consideration 
in task-shifting. These authors highlighted challenges that cadres engaging in 
task-shifting encounter, such as (1) performing emotionally and physically 
arduous responsibilities with frequently unsatisfactory training, (2) absence of 
supervision and payment and (3) working in contexts where they are 
inadequately incorporated into health systems, which has negative effects on 
the quality of care provided and on promotions prospects (career progression) 
and lead to employee disempowerment, feelings of being exploited and taken 
for granted. These authors believe that these issues can be addressed if a 
number of ethical principles are prioritised, which include beneficence, justice, 
respect for persons, cultural humility and proportionality. Consequently, these 
authors stress the importance of policymakers and programme implementers 
prioritising ethical principles in planning and implementing such programmes – 
a sentiment, along with concerted political will, strongly shared by the authors 
of this chapter.

Suen et al. (2019) presented arguments for the use of CHWs in collaboration 
with professional health care workers under their direct supervision to 
overcome the capacity versus demand challenges in LMICs, in the field of 
audiology. These authors lament that if such service delivery models are not 
explored, little progress will be attained in challenging the global burden of 
hearing loss, despite all existing evidence for the effects of untreated hearing 
impairment and the availability of evidence-based interventions. They reiterate 
calls that have been made to confront hearing loss as a public health challenge, 
while highlighting that prospects exist to rely on public health approaches to 
deal with hearing care at the population level, as raised by Olusanya, Neumann 
and Saunders (2014), the National Academies of Sciences Engineering and 
Medicine (2016) and The Lancet (2016). Suen et al. (2019) suggested that 
these public health approaches include the utilisation of public and community 
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health assistants, peer counsellors and health promoters. In the case of 
audiology, these approaches may also include PHC nurses, teacher assistants 
and trained volunteers. All these cadres, if trained and regulated as per the 
HPCSA’s minimum standards, regulations and scope of practice and supervised 
by audiologists, can through the use of tele-audiology be valuable in innovative 
approaches to increasing access to ear-and-hearing health care within the 
African context. 

Four factors that support developing tele-audiology clinical practice 
include (1) shortage of audiologists, (2) largely PC-based testing equipment 
that allows audiologists to operate diagnostic equipment located at a 
distance site from the desktop PC using remote control software, (3) 
availability of videoconferencing facilities for real-time tele-audiology 
applications and (4) availability of guidelines (AAA 2008; ASLHA 2005; 
Hayes 2012). Although these are international, while the HPCSA is still 
developing local guidelines, consideration of these factors by the South 
African audiology community is useful for establishing contextual 
responsiveness. Tele-audiology, in conjunction with task-shifting, could 
increase access while also addressing employment opportunity challenges 
that South Africa is grappling with.

Tele-audiology, as a subset of telehealth, has become a more practical, 
feasible and logical approach to delivering hearing care, particularly in 
resource-constrained contexts; although this has not been readily adopted 
nor widely practised in countries such as South Africa – even in the context of 
COVID-19 the regulations of which were pushing for it (Sebothoma et al. 2021). 
This model of service delivery was established in the mid-1990s, primarily to 
deliver audiological care in regions with inadequate access to health care 
because of a shortage of resources, as in the South African context. Telehealth 
(i.e. tele-audiology) has been defined as the utilisation of telecommunication 
technologies to reach patients, lessen obstacles to best health care in 
underserved communities, enhance patient approval and accessibility to 
health care practitioners, reduce professional seclusion in remote rural areas, 
aid practitioners enlarge their practice reach and spare patients from having 
to migrate long distances to obtain high-quality care (Krupinski 2015). Within 
the South African context, where there is an obvious capacity versus demand 
challenge with audiological services and limited rehabilitation resources for 
the hearing-impaired, where a case for preventive health care has been made, 
tele-audiology may serve the very basic function of access to preventive care. 
An apparent benefit of tele-audiology is that it may facilitate overcoming 
universal barriers to accessing hearing care, such as distance from service 
providers and associated costs (Schweitzer et al. 1999). Within the South 
African context, tele-audiology can also allow for continuity of care where 
patients identified within the health care sector can continue to receive 
intervention within other sectors such as the education sector (EHDI) 
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(Khoza-Shangase et al. 2021b) and the occupational sector or industry 
(including ONIHL) (Khoza-Shangase & Moroe 2020), where currently there 
are very limited, if any, audiology services.

The authors provide adequate motivation to make use of the opportunities 
from the COVID-19 pandemic and increase the use of tele-audiology. They, 
additionally, recommend manufacturing of highly computerised assessment 
and intervention technology resources for preventive audiology in LMIC 
contexts with expanded access to web cameras and access to affordable 
government-subsidised broadband connectivity. Within the South African 
context, the increased efforts by the government toward information and 
communication technologies (ICTs) and the Fourth Industrial Revolution (4IR) 
make this an opportune time to carefully deliberate on this (State of the 
Nation Address [SONA] 2020). Recent evidence from contexts similar to 
South Africa, such as India, also supports this approach as a cost-effective 
delivery model. Ramkumar et al.’s (2018) study indicates better cost outcomes 
when: 

 • broadband Internet for tele-diagnostics is utilised
 • economical human resources and equipment with consequent lowest cost 

per patient screened
 • maximised follow-up expenses with the cost per patient being reduced 

substantially for diagnostic audiology assessment and for the cost per 
patient identified when tele-audiology is used.

Krumm and Syms (2011) reported that hybrid delivery, where both asynchronous 
and synchronous tele-audiology modes of delivery are utilised, has been used 
for various audiological scopes of practice. The authors also recommend 
hybrid delivery for preventive audiology within the African context, where 
asynchronous (store-and-forward remote monitoring) and synchronous (live 
interaction and mobile health) are combined. Even though the health care 
professional (audiologist) might not present at the time of the consultation, 
synchronous tele-audiology involves the health care professional being 
present during the consultation. This includes examples such as 
videoconferencing, remote programming of hearing technologies such as 
hearing aids and cochlear implants (Hughes, Sevier & Choi 2018; Krumm & 
Syms 2011), and remote conduction of electrophysiological testing, to name a 
few. While a synchronous tele-audiology approach has been documented to 
be beneficial, its implementation may not be practicable yet within the South 
African context. As a result of an insufficient number of audiologists, this 
anticipated implementation challenge is made more challenging by network 
connectivity challenges in South Africa. Steuerward et al. (2018) emphasised 
that the synchronous telehealth technique needs the audiologist to be present 
during remote assessment with broadband network connectivity. The 
proposed telehealth treatment might be challenging, but if network connectivity 
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difficulties can be overcome, it can serve as the next viable intervention option 
for a health care professional who lives far from patients requiring services, 
primarily if task-shifting cadres are implemented. 

However, the asynchronous telehealth approach can be utilised in the 
absence of the audiologist, where paraprofessionals or site facilitators can be 
trained to perform certain audiological tests, save the findings, and forward 
them to the audiologist later for analysis and intervention planning (Fabry 
2010). This application is one of the motivations for why tele-audiology would 
be ideal for the human resource-constrained South African primary preventive 
hearing care setup. Research has illustrated the accuracy of asynchronous 
tele-audiology when compared with traditional face-to-face diagnosis by 
qualified professionals (Biagio et al. 2013, 2014). 

Further evidence indicates that tele-audiology is suitable for hearing loss 
prevention programmes such as: 

 • ototoxicity monitoring and ONIHL monitoring (Folmer et al. 2012; Saunders 
& Griest 2009)

 • performance of otoscopy and video otoscopy, immittance and NHS 
(Krumm & Syms 2011)

 • measurements of otoacoustic emissions
 • pure-tone audiometry
 • programming cochlear implants via neural response or telemetry 

assessment (Krumm & Vento 2013). 

Swanepoel et al. (2010) believed that the asynchronous method is more feasible 
for the South African context, especially in school settings. These authors 
further provided a scope of application of possibilities for tele-audiology within 
LMIC contexts, which needs to be fully explored for preventive audiology to 
increase access to hearing care for the majority of the currently underserved 
populations in South Africa. Khoza-Shangase and Moroe (2020) demonstrated 
how, for example, within specific scopes of practice in audiology, structured, 
systematic and sustainable implementation of tele-audiology can be adopted 
by recommending a tele-hearing conservation programme model that covers 
all pillars of HCPs, as illustrated in Figure 2.1.

As a result of the shortage of resources, and also with the advent of the 
COVID-19 pandemic, the tele-HCP model can be very useful. Khoza-Shangase 
and Moroe (2020) proposed that tele-hearing conservation can use a variety 
of advancements in tele-audiology, including wireless and booth-less 
technology for hearing testing, mobile technology for booth-less audiometry, 
pure-tone audiometry through earphone attenuation and hearing screening 
via smartphone applications. Benson (2020) further reported that audiological 
assessment during COVID-19 should include video otoscopy, tympanometry 
and pure-tone audiometry, which can all be conducted through real-time 
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TELE-Hearing conservation programme (TELE-HCP)

Periodic noise
exposure

measurement/
monitoring
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o
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us

• Real-time 
record-keeping of 
all components of 
HCPs via 
videoconferencing 
and application 
sharing

• Quality control of 
all records via 
interactive 
videoconferencing

• Real-time 
proactive use of 
data for
e�ective HCP 
implementation

• Real-time 
screening and/or 
diagnostic 
assessment via 
videoconferencing 
and application 
sharing

• Quality control of 
screening and/or 
diagnostic 
assessment via 
interactive 
videoconferencing

• Assessments and 
examinations 
conducted in 
real-time through 
videoconferencing 
and sharing of 
applications

• Audiology 
directed by an 
audiologist – case 
history, 
video-otoscopy, 
immittance, OAE, 
pure tone 
audiometry, AEPs, 
etc.

• Quality control of 
the medical 
examination via 
interactive 
videoconferencing

• Real-time 
interactive 
videoconference 
presentations

• Tele-mentoring 
and guidance 
during 
assessments or 
procedures

• Discussing 
di�cult 
result/cases with 
experienced 
clinicians

• Ward rounds 
involving 
diagnostic paper 
assessments, 
medical 
surveillance, and 
potential claims

• Real-time 
interactive 
videoconference 
presentations and 
demonstrations 
on PHPs 
(selection, use, 
and maintenance)

• Interactive 
videoconferencing 
for tele-monitoring 
and cutom fitting 
PHPs guided by an 
audiologist

• Counselling and 
troubleshooting 
PHPs and their 
use via interactive 
videoconferencing

• Provide employers 
with real-time 
interactive 
videoconference 
presentations to 
reduce workplace 
noise exposure

• Mentor and guide 
rotating workers 
in excessively 
noisy jobs 
(creating work 
pattern where 
employees are not 
exposed to an 
eight-hour, 
time-weighted 
average [TWA] 
over 90 dB), 
resulting in 
increased distance 
between workers 
and noise source

• Real-time 
videoconference-
based engineering 
controls and 
quality control. 
Examples: 
Monitoring 
equipment or 
machinery 
maintenance, 
equipment 
replacement, 
isolating or 
enclosing noise 
source, and 
treating the room.

• Interactive 
videoconferencing 
recommendations 
to reduce workers' 
exposure to noise 
in real-time, 
including 
modifications or 
replacements of 
equipment and 
physical changes 
to reduce noise 
levels

• Real-time noise 
exposure 
measurements/ 
monitoring via 
videoconferencing 
and application 
sharing

• Quality control of 
noise exposure 
measurements/ 
monitoring via 
interactive 
videoconferencing

Engineering
controls

Administrative
controls

Personal hearing
protection  

Employee/
management

education,
motivation and

training

Risk-based medical
examination,

medical surveillance
and audiometric

evaluations

Record-keeping
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Source: Khoza-Shangase and Moroe (2020). 
Key: HCP, hearing conservation programme.

FIGURE 2.1: Possibilities of tele-audiology use in hearing conservation programmes for all pillars (tele-hearing conservation programmes).
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controls to 
retrieve feedback
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share e-noise 
measurements 
with peers 

• Create interactive 
e-learning and 
e-training 
modules about 
administrative 
control tools

• Pose questions/
polls on online 
forums or conduct 
via email

• Share HCPs within 
similar work 
environments as 
best-practice 

• Conduct research 
for contextually 
relevant and 
responsive 
evidence

• Share HCPs
within similar 
work environ-
ments as 
best-practice 

• Appropriate 
automated 
medical 
examination 
measures

• Explore 
web-based 
medical 
examinations and 
hearing screening 
tests for valuable 
insight

• Automated 
OAE/ABR for 
screening

• Automated 
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screening and 
diagnosis

• Smart tools like 
smartphones, 
tablets and mobile 
broadband 
connectivity

• Responsibly share 
captured e-patient 
files with peers – 
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video-otoscopy, 
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pure tone 
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etc.

• Interactive online 
training modules
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peer-clinicians
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counselling 
sessions on 
selection, use,
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• Web-based 
audiological 
hearing
protection 
programmes

• Web-based
PHP training
programmes
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synchronous and asynchronously tele-audiology (Coco 2020; Khoza-Shangase 
& Moroe 2020; Sebothoma et al. 2021). To ensure that assessments are 
completed successfully and all seven pillars are implemented, paraprofessionals 
such as CHWs must be trained (Dawood et al. 2020).

The potential purpose and feasible impact of tele-audiology within the 
African preventive audiology context are significant. The South African 
audiology community needs to engage in a tele-audiology mapping exercise, 
incorporating task-shifting training to develop this delivery model to increase 
access to services not only to South African audiologists but also to volunteer 
audiologists from across the world. Swanepoel et al. (2010) recommended 
this strategy and suggested exploring the use of the tele-audiology network1 
for this very purpose. The authors, however, highlighted the importance of 
strict adherence to the South African regulations governing health care during 
this process.

2.3. Considerations around tele-audiology 
for preventive audiology

Sufficient evidence has been presented supporting the use of tele-audiology 
to improve access to hearing care and reach, particularly in resource-
constrained contexts. Furthermore, enough supported arguments have been 
presented for the application of task-shifting as a service delivery model to 
facilitate UAC. The application of these methods remains challenging and 
presents certain concerns, particularly where contextual regulations and 
policies governing their implementation do not yet exist, where political will 
may be lacking, and where resource allocation has not prioritised this model 
as part of the HR strategy, equipment procurement and cadre training. Such 
concerns require careful deliberation: 

1. Numerous challenges are envisaged in the implementation of tele-audiology 
for preventive audiology within the South African context, although 
pronouncements at national government levels promise plans that can 
facilitate the resolution of these challenges (SONA 2020). The challenges 
include (1) computer literacy and competence of potential users (Carter, 
Horrigan & Hudyma 2010), (2) the availability of a network connection 
(Grogan-Johnson et al. 2015), (3) the ability to understand and follow 
ethical and legal prescriptive guidelines and standards governing direct 
practice (Grogan-Johnson et al. 2015; Grol & Grimshaw 2003). As a fourth 
concern, the management of data transmission, retrieval, and storage online 
(Grogan-Johnson et al. 2015); and, last but not least, linguistic and cultural 
diversity impacts on using it (Khoza-Shangase & Mophosho 2018, 2021; 

1. See www.teleaudiology.org.

www.teleaudiology.org�
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Khoza-Shangase et al. 2021a). Careful deliberations and planning around 
these challenges are key to the successful implementation of telehealth to 
facilitate preventive audiology in the South African context.

2. The fact that in the 2017 South African Health Review, Siegfried, Wilkinson 
and Hofman (2017) reported that no precise provision is made in the 
National Health Act and that health technology assessment is narrowly and 
incompletely defined is another concern that requires careful consideration 
before tele-audiology can be comprehensively rolled out for preventive 
audiology within the South African context. In the same report, a need to 
improve telehealth capacity building is identified and highlighted, with the 
acknowledgement that training opportunities in telehealth are inadequate; 
however, government has goals to stimulate this training through education 
and research, with universities identified as key stakeholders to expediate 
this capacity development process. Universities are tasked with the 
development of well-structured education and training courses and 
adhering to minimum standards to offer the academic and practical skills 
needed for implementing clinical and educational services via a telehealth 
model, as well as developing appropriate ICT infrastructure support specific 
to telehealth. By implementing tele-audiology within primary preventive 
health care, efficient, ethically, and well-resourced telehealth models can 
establish evidence bases that are context-relevant and contextually 
responsive. This goes hand in hand with the availability of national policies 
and regulations, as well as training around task-shifting, with adherence to 
WHO guidelines, national guidelines, scopes of practice and minimum 
standards under careful supervision and monitoring. The aforementioned 
policy and regulation considerations are over and above the need to ensure 
firm adherence to ethics, human rights and medical law surrounding the 
use of task-shifting and tele-audiology. In their quest to increase access to 
preventive audiological services through this service delivery model, 
audiologists must take heed of the six ethical challenges identified by 
Naudé and Bornman (2021) to be relevant in tele-audiology. These six 
challenges, consisting of competence, informed consent, privacy and 
confidentiality, licensure, reimbursement for services, and effectiveness of 
services and programme validation, are essential for well-organised, 
successful and ethical implementation of tele-audiology and task-shifting.

3. Without sufficient training and education of audiology students in the use 
and implementation of telehealth (Edirippulige, Armfield & Smith 2012; 
Govender & Mars 2018; Khoza-Shangase et al. 2021a), and without 
collaboration with paraprofessionals in task-shifting, recommendations 
made in this chapter are less likely to succeed. Limited inclusion of telehealth 
training in African education and training programmes because of the lack 
of standards and regulations surrounding ethical practice around this 
model of delivery has been documented (Edirippulige et al. 2012; Govender 
& Mars 2018; Khoza-Shangase et al. 2021a). Edirippulige et al. (2012) 
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recommended the introduction of telehealth at all graduate levels in higher 
education for health care professionals so that they can provide clinical care 
through this model of health care delivery, while Khoza-Shangase et  al. 
(2021a) argued that clinical educators should also be equipped in using this 
modality for teletraining and telesupervision. This approach includes the 
HPCSA SLH Board development of a task team to develop guidelines for 
telepractice in SLH programmes in order to guide the professionals and 
protect the public. The use of short courses and mandatory CPD training for 
continued professional development is an additional strategy to reach those 
not within the formal education and training programmes but who require 
the knowledge and skills to provide services.

4. There appears to be limited collaborative and synergistic functioning 
between the various South African departments, such as Health, Labour 
and Education, in as far as assessment and management of patients with 
hearing impairment or those at risk of developing one, thus not only 
impacting identification but also the continuity of care for patients in these 
sectors. Although the South African health care acts and policies are 
progressively acknowledging the importance of ICT in health care, 
particularly within the 4IR, and they advocate for the utilisation of 
technology and telehealth applications within the health care service 
delivery model (Govender & Mars 2018), this recognition has not been 
extended to occupational health and safety in the form of HCPs and the 
school health care programmes currently in place. The recognition of ICT in 
health led to the development of the National Digital Strategy 2012–2016 
(DoH 2012), with the most recent 2019–2024 National Digital Health 
Strategy (DoH 2019). All these endeavours from the DoH need to be 
extended to the other sectors where preventive audiology can be 
implemented.

5. The evidence in the use of tele-audiology for identification of auditory 
pathologies such as hearing impairment and middle ear disorders, and on 
the implementation of appropriate management such as hearing aid fitting, 
forms an important part of efforts aimed at alleviating barriers to successful 
preventive audiology care. However, tele-audiology can also be used as 
part of preventive and promotive education measures for both task-shifting 
cadres and patients (e.g. education awareness in HCPs). Awareness 
programmes around some of the causes of auditory pathologies that are 
preventable excessive exposure to noise in children listening to mp3’s on 
portable media player devices, such as iPods (WHO 2015), the use of 
hearing protection devices in HCPs (Ntlhakana et al. 2015) and the 
importance of early intervention for middle ear pathologies in this 
population (Sebothoma 2020), the importance of ototoxicity monitoring 
(Khoza-Shangase 2010, 2013; Khoza-Shangase & Stirk 2016), and contextual 
risk factors for hearing impairment in infants (Fitzgibbons, Beswick & 
Driscoll 2021; Kanji & Khoza-Shangase 2019) – remain one of the key 
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benefits of tele-audiology in primary prevention of hearing impairment in 
LMIC contexts. Such awareness campaigns can efficiently be carried out by 
task-shifting cadres with coordination and supervision by audiologists 
through hybrid tele-audiology delivery. These campaigns would be best 
conducted and sustained through programmatic initiatives, such as those 
listed earlier (First 1 000 days, Striving for zero-harm and TB/HIV 
Collaborative Programme).

6. Connectivity and Internet access for the majority of the South African 
population remains a challenge, although significant progress has been 
made. The rush of boosted Internet access within South Africa has 
reportedly reached new high levels, with the surge expected to increase in 
the future. According to the Electronic Communications Network, it is 
anticipated that in 2020 the Internet of Things and Machine-to-Machine’s 
installed bases will have accessed 35 million users for the South African 
market, with a positive impact on the country including increased 
accessibility to health care initiatives such as hearing care (if capitalised). 
The partnering of the South African government with the World Economic 
Forum in an initiative ‘Internet for All’ in 2017, which aimed to facilitate 
universal access to Internet by 2020 as stated by the South African 
Government News Agency, has not materialised, and this could present 
challenges for tele-audiology. Nonetheless, the General Household Survey 
(2018) revealed that ‘64.7% of South African households had at least one 
member who had access to, or used the Internet either at home, work, 
place of study or Internet cafés’, providing contextual data that need to be 
considered in planning tele-audiology for this context. 

7. Through asynchronous tele-audiology, middle ear pathologies and hearing 
impairments, as well as auditory processing disorders, have a more 
extensive evidence base from resource-constrained settings such as 
communities, mines, and schools (Olusanya et al. 2004; Potgieter et al. 
2018; Swanepoel et al. 2014), yet tele-audiology is still in its infancy, despite 
receiving significant attention. There also remains even more limited 
contextually relevant evidence that has considered the linguistic and 
cultural diversity of the South African context, as well as the incongruence 
between professionals and patients in terms of this diversity, which requires 
attention.

2.4. Conclusion
Tele-audiology and task-shifting is a relatively new service delivery model, 
which is particularly useful in resource-constrained settings. Because of the 
significant capacity versus demand challenges in LMIC contexts and the need 
for scaling up audiology professionals’ goal of preventing hearing impairment 
under their scope of practice, careful consideration of this platform and 
strategy for UAC is required. Because of the documented increasing prevalence 
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of hearing impairment in these contexts, alternative strategies to implement 
and monitor hearing care programmes, such as the use of tele-audiology and 
task-shifting, become critical. Failure to deliberate on such models of service 
delivery will indicate a lost opportunity to improve access to audiological 
services for these populations, particularly with the documented evidence of 
technological advancements in ICT and audiology. Technological advances 
increase opportunities for alternative service delivery models that are 
contextually responsive, patient centred, and that take into account linguistic 
and cultural diversity and, most recently, social distancing linked to pandemics 
such as the novel COVID-19. The use of tele-audiology facilitates developments 
such as:

 • hearing screening using smartphone applications
 • wireless and booth-less technology for hearing testing
 • diagnostic pure-tone audiometry without a sound-treated environment
 • pure-tone audiometry outside a sound booth using earphone attenuation
 • integrated noise monitoring
 • automation, which substantially boost the audiology community’s capacity 

to offer ear and hearing services to distant and isolated resource-
constrained contexts, such as the South African mining context. 

The use of hybrid tele-audiology delivery alongside task-shifting presents the 
immense possibility for preventive audiology. 

These service delivery models must consider policy and regulations 
challenges and must adhere to ethics, human rights and medical law, with full 
political will from the government. Furthermore, like any new assessment or 
intervention strategy, significant contextually relevant research would need to 
be conducted to ensure a contextually relevant evidence base that will allow 
for best practice, which has taken contextual issues such as linguistic and 
cultural diversity into consideration.
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3.1. Introduction
A high prevalence of hearing impairment exists among school-going 
children in LMICs, particularly within the African continent. Sufficient 
evidence has established that undiagnosed hearing impairment has negative 
consequences for the overall development of the hearing-impaired child. 
Efforts towards early identification and intervention of hearing impairment 
within the African context have been compromised by numerous factors, 
including a lack of financial, technical and human resources, as well as poor 
infrastructure and poor follow-up. These challenges are observed within 
the health care sector and within the education sector. Telehealth-based 
audiology (TBA) programmes have the potential to resolve a number of 
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these challenges and achieve a reduction in the burden and impact of 
hearing impairment among school-aged children, as both screening and 
diagnostic and intervention services can be delivered within the school 
context to ensure comprehensive service delivery (Khoza-Shangase 2021). 
Telehealth-based audiology services have been proven to have the potential 
to address such service delivery challenges, particularly to rural and 
remotely located schools, and their validity and reliability are well 
established. A comprehensive audiology service delivery package from 
hearing screening to aural rehabilitation services can be provided via tele-
audiology. However, several barriers within the African context pose a threat 
to the adoptability and sustainability of these services, and careful 
consideration of these barriers is important for the maximum benefit to be 
obtained from them. This chapter deliberates on audiological care within 
the African school context and explores TBA as a model of service delivery, 
with a careful exploration of the challenges and barriers to the adoption 
and implementation of TBA within this context. The chapter also provides 
plausible solutions and offers a sustainability model to support the growth 
of TBA within the African school context.

Audiology services are only as strong as the health care system within 
which they function. The African health care system is challenged by the 
increasing burden of disease, poor prevention and detection programmes, as 
well as poor health intervention strategies. Health care on the continent is 
further influenced by financial, social and political factors. It is, therefore, 
necessary to first understand the factors impacting the African health care 
system to contextualise the challenges facing audiology service delivery and 
the impetus for TBA services. Chapters 1 and 2 comprehensively discuss these 
challenges while arguing for preventive audiology as a strategy to ramp up 
efforts toward an ear and hearing healthy nation.

Amidst Africa’s political and economic instability lies the burdensome 
issues surrounding poverty and endemic communicable and non-
communicable diseases. Africa holds countries such as South Africa, Kenya 
and Nigeria that have had unfortunate historical injustices and socio-economic 
inequalities that compromised health, wealth and well-being, and these 
countries are still redressing these inequalities of the past (Chukwudozie 2015; 
Ilinca et al. 2019; Maphumulo & Bhengu 2019). Inequalities in resource 
distribution, education and income levels persist. Reports emerging from 
various African countries reveal that the Gini coefficient, which is a measure of 
income inequality, has increased over the years, implying that the economic 
gap between those that are affluent and those that are poor has intensified, 
with countries like South Africa, Namibia and Botswana demonstrating 
the most inequality (Gini > 0.60) (The World Bank 2017; UN 2017). 
The intergenerational progression of poverty has ensured that the income 
divide remains, and this has direct implications for childcare.
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There are distinct and glaring differences in health, education and quality of 
life (QoL) between children from rich and poor households globally (Wimer 
et al. 2016). The UN, through its SDGs, has tried to close this inequality gap 
that exists between the rich and poor (UN 2015). SDG 3 speaks to ensuring 
healthy lives and promoting the well-being of all children. However, the health, 
well-being and QoL of children in Africa remain a concern because of financial 
constraints and under-resourced health care systems (Bigna & Noubiap 2019; 
Khoza-Shangase 2021; Roberton et al. 2020; Roelen et al. 2017).

The health care systems of the majority of African countries comprise the 
state-owned and privately owned health care sectors. In South Africa, for 
example, the public health care sector services a larger proportion of the 
population (approximately 86%) than the private sector does, but paradoxically 
the private health care sector has greater access to specialised health care 
services, a larger workforce and better-equipped hospitals (Jobson 2015; 
WHO 2017). Adding to the above challenges faced by the public health care 
sector is the increasing and changing patterns of disease burden among the 
population residing in rural and remote locations (Mayosi & Benatar 2014). It is 
stated that the African continent only has 3% of the world’s health care 
workers yet presents with 24% of the global burden of disease (Scott & Mars 
2015). In  addition, Africa has the largest child population globally (UN 
Department of Economic and Social Affairs, Population Division 2017), and 
this has implications for resource distribution and adequate financial resources 
steered towards childcare. The demand for childcare has placed a strain on 
the functioning of the public health care system in the continent.

Retention of health care workers in Africa has also become a problem as 
professionals either undergo urbanisation, move into the private sector or 
emigrate to earn more lucrative salaries and work in better-functioning health 
care systems (Merugumala, Pothula & Cooper 2017; Centre for Development 
and Enterprise 2011). According to Mayosi and Benatar (2014), lack of trained 
health care professionals, disparities in wealth, education and health care are 
core issues affecting the African population. In addition to this, the translation 
of health care policy and the development of programmes into practice has 
been slow, and evidence of this has been documented in audiology within 
the South African context (Khoza-Shangase & Masondo 2020, 2021).

Taking South Africa as an example, since its shift to democracy in 1994, the 
South African government has initiated several programmes and services. 
These include free health care for women and children, introducing primary 
health care (PHC) services in the health care system and the improvement 
thereof with the re-engineering of PHC, the Integrated School Health 
Programme (ISHP) (2012) and the recent plans around the NHI. The NHI is 
reported to be aimed at stabilising the fragmentation that exists between the 
private and public health care sectors; however, the progress of its 
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implementation has been slow, although the NHI bill has been passed. The 
ISHP (2012), one of the other intended programmes, has also faced technical 
and resource challenges and has therefore not been comprehensively 
implemented nationwide (Khoza-Shangase, Sebothoma & Moroe 2021). The 
failure to successfully implement these health care programmes has led to 
poor health outcomes and increased mortality rates among African children 
(WHO 2020).

The WHO (2020) reported high levels of mortality and the burden of 
disease in children across the world. In 2017, almost 5.4 million children under 
five-years-old died from preventable causes including malnutrition, malaria 
and diarrhoea (WHO 2019), mainly because of malnutrition, malaria and birth 
complications (WHO 2019). The WHO further stated that children in Africa are 
14 times more likely to lose their lives than their counterparts residing in high-
income regions. Alongside the staggering mortality rate lies the concerns 
arising from various disabilities, including sensory deficits (Naipal & Rampersad 
2018). The prevalence of sensory deficits, primarily vision and hearing loss, 
among children in Africa has debilitating effects and far-reaching consequences 
across all developmental spheres (Mulwafu, Kuper & Ensink 2016; Naipal & 
Rampersad 2018). Chapter 9 will further explore early detection and 
intervention of the combination of these two sensory deficits: deafblindness. 
This chapter focuses on hearing loss in Africa.

The global prevalence of childhood hearing loss is estimated to be around 
34 million, and Africa makes up 5% of this global prevalence (Adedeji et al. 
2015; Al-Rowaily et al. 2012; Tian et al. 2015; WHO 2017). In a study conducted 
by Desalew and colleagues (2020), hearing loss prevalence among children in 
sub-Saharan Africa was reported to be 10%. In addition, the study reported 
the prevalence of hearing impairment for community or school-based children 
to be 6%, with the prevalence for children with comorbidities (HIV and TB) at 
23%. The causes of childhood hearing impairment contributing to these 
prevalence rates are diverse.

Globally, genetic-related causes constitute 24%–39% of congenital hearing 
impairment in children (Adedayo & Olawale 2014). According to Birkeland and 
Lesperance (2016), genetic-related causes of hearing loss are likely to remain 
high as medical advances contribute toward decreasing the acquired causes 
of hearing problems. Acquired hearing loss can be caused by conditions such 
as head injuries, measles and mumps, ototoxic medications or infections 
(Adedeji et al. 2015; Butler 2012).

Otitis media (OM) is one of the major causes contributing to acquired 
hearing loss among children (Adedeji et al. 2015). It is estimated that 
approximately 80% of children will experience acute OM by their third birthday, 
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with at least 50% of these children going on to develop hearing impairment 
(Vos et al. 2015). This is largely because of the lack of access to early detection 
and intervention programmes during those early years of life. Chapter 5 
comprehensively discusses preventing middle ear pathologies in a South 
African context and proposes a programmatic approach to prevent these 
pathologies as a clinical framework.

According to the WHO (2017), almost 60% of childhood hearing loss, 
such as OM-related hearing loss, can be prevented with appropriate 
management, thus emphasising the role of preventive audiology within 
this age group. However, unfortunately, this model of ear-and-hearing 
health care is largely curtailed by the absence of adequate and standardised 
audiological care throughout African countries, thereby negatively 
impacting hearing-impaired children’s development. If the hearing loss 
goes undetected for years, detection and intervention programmes within 
the formal schooling environment could at least provide an opportunity for 
management, albeit late.

The optimisation of development in children with hearing impairment must 
be prioritised. To ensure that these children reach their full potential in terms 
of academic, speech and language, as well as vocational and socio-emotional 
development, early intervention and timeous management must occur 
(Maluleke, Chiwutsi & Khoza-Shangase 2021). This can only be achieved if 
there is adequate access to health care services. School health services 
provide an opportunity for school-going children to be monitored within the 
school context so that health barriers to learning can be identified and 
managed (Khoza-Shangase et al. 2021). The school environment is an ideal 
context in which to deliver health care services; however, because of the lack 
of technical, human and financial resources, audiology service delivery in 
schools has been stagnant (Khoza-Shangase 2021; Peer & Fagan 2015). 
Audiologists have therefore been exploring the use of TBA services to provide 
both screening and diagnostic services to facilitate early detection and 
intervention efforts for school-aged children.

The use of TBA services within the school context presents many benefits 
to ensuring the prevention of hearing impairment, as well as the identification 
and management of hearing deficits. Telehealth-based audiology services 
could help remedy the shortfalls associated with the current health care 
service delivery model, particularly in remote and rural areas where travelling 
and accessibility to high-quality services are lacking. The health care system 
within the continent largely comprises three layers, namely primary, 
secondary and tertiary prevention (Kisling & Das 2021). The aim of these 
structures is to ensure that early detection and intervention take place to 
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avoid or reduce the full impact that a disease or condition has on a person. 
Telehealth applications are well suited to support all three layers of 
prevention, and its utility has the potential to reduce the burden of disease. 
Telehealth applications allow for the provision of health care services via 
one of three models (Krumm 2007). The synchronous model of hearing 
testing is conducted in real-time, where the patient is tested via live 
streaming through videoconferencing facilities. The patient is, therefore, set 
up and prepared for testing by a trained assistant, while the test is conducted 
by a qualified health professional anywhere in the world (Krumm 2007). 
Asynchronous testing is conducted in a store-and-forward manner, where 
testing is conducted by a trained assistant, and the results are stored and 
can be sent later via email or to a secure website for interpretation by a 
qualified health care professional (Krumm 2007). The hybrid model refers 
to the combination of both models (synchronous and asynchronous). All 
these models of service delivery require a laptop computer or tablet 
personal computer with Internet connectivity, specialised noise monitoring 
headphones that replace the soundproof booth, and trained personnel in 
order to provide services.

Telehealth has been seen as a solution to resolving inequalities that exist in 
health care service delivery between rural and urban areas, the rich and poor, 
as well as between low and high socio-economic countries (Govender & Mars 
2018a; Swanepoel et al. 2010). The integration of telehealth into the PHC 
service delivery model provides an opportunity for better access to experts 
and specialists, thereby reducing the intransigent problems linked to travelling, 
as well as eliminating unnecessary referrals. The WHO (2013) emphasised that 
telehealth, within the various contexts, particularly the school context, could 
improve detection and intervention rates of disabling conditions such as 
hearing loss. However, this model of service delivery is constrained by many 
barriers to its successful and sustained implementation. These barriers are 
immense within the current African health care context. Although this chapter 
focuses on computer-based telehealth applications, it is also worth mentioning 
that the more recent mobile health innovations have seen increased coverage 
in screening and diagnostic services within schools (Chu et al. 2019; Yousuf 
Hussein et al. 2018).

This chapter, therefore, aims to firstly provide an overview of prevention, 
identification and management of hearing impairments, sharply focusing 
on the current challenges to early detection of hearing loss within the 
school context. The chapter then describes the benefits of TBA services 
within the school context and the related barriers to its implementation. 
The chapter then offers proposed solutions within the framework of a 
developmental model.
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3.2. Prevention, identification and 
management of hearing impairment and 
associated implications for tele-audiology-
based services
3.2.1. Challenges with prevention, identification 
and management of hearing impairment within 
the African context

Nestled within the compromised African health care systems is the lack of 
adequate early detection and intervention services. Based on the prevalence 
of hearing impairment, particularly within the African context, early detection 
and intervention services should make up a routine and mandatory service. 
Early identification of hearing impairment has proven highly beneficial for 
optimal childhood development (Ching et al. 2017), and this is likely to occur 
if a hearing impairment is identified while the child is still within the critical 
period of development (Nada, Khater & Saeed 2014). Early intervention and 
detection of hearing impairment should be available at birth and during the 
early school years for acquired losses to avoid the deleterious effects on the 
child and their family. Ching et al. (2017) reported a strong relationship 
between the age of identification of hearing impairment and language, speech, 
social-emotional and cognitive development. Newton (2013) provided a 
review of studies outlining the beneficial outcomes associated with 
early detection and intervention of childhood hearing loss, such as optimal 
language development, increased vocational opportunities and healthy social-
emotional development. Unfortunately, current health funding models 
continue to under-service early detection and intervention programmes for 
hearing loss because of their focus on more life-threatening conditions such 
as HIV, AIDS and TB, which have demanded the countries’ health resources. 
Appropriate and timeous management of hearing impairment is fundamental 
to optimal social, emotional, behavioural and academic development 
(Mahomed, Swanepoel & Ayieko 2014; Mulwafu et al. 2016; Warner-Czyz et al. 
2015). Within the South African context, Chapter 2 of this book suggests 
careful deliberation of prioritisation of health resources, with a specific 
focus on the use of tele-audiology and task-shifting to address the capacity 
versus demand challenges within the South African context.

It is reported that less than 10% of children with disabilities receive some 
type of education, with only 2% of these children receiving formal classroom 
education. Furthermore, a significant number of children with disabilities tend 
to drop out of school because of the lack of infrastructure, resources and 
assistive devices to facilitate and support learning (African Report on Children 
with Disabilities 2014; Khoza-Shangase et al. 2021). In the South African White 
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Paper on Special Needs Education (DoBE 2001), inclusive education is 
emphasised as an important aspect in ensuring that children with disabilities 
obtain the necessary competencies and skills that will enable them to have 
successful, independent and fulfilling lives. This is in keeping with the UN 
Convention on the Rights of a Child Article 23 which speaks to the rights of 
children with disabilities, emphasising that governments must ensure that 
appropriate support is provided to such children within the home, educational 
setting and societal spheres. This is largely because of the understanding that 
teaching and learning are facilitated through an auditory-verbal approach. 
Studies by Bess and Tharpe (2008) on 60 school-aged children with unilateral 
hearing loss, found that 37% of them failed at least one grade, and a further 
13% required additional academic support than their normal-hearing peers. 
They further state that more than 30% of children, particularly those with mild 
unilateral hearing loss continue to struggle academically despite the increased 
awareness about the condition and increased evidence to promote early 
identification and intervention services. Hearing problems, be they unilateral 
or bilateral, can result in limited vocabulary acquisition and can negatively 
influence a child’s development of reading skills (Mpofu & Chimhenga 2013).

Regarding social and emotional development, it is well-documented that 
children with disabilities and their families face discrimination and 
marginalisation as society views their differences as inadequacies (Janardhana 
et al. 2015). They also face the emotional burden of not receiving timeous and 
efficient management because of the lack of adequately trained professionals, 
unstable economies that are unable to support funding of the health sector, as 
well as physical limitations and barriers such as inefficient transport systems 
to health care facilities. These conditions are made worse by poor 
implementation of government legislation and ineffective policies, creating an 
unfavourable climate for a child with disabilities to thrive.

The WHO (2001) developed the International Classification of Functioning, 
Disability and Health (ICF) framework that promotes the integration of 
individuals with disabilities into society without stigmatisation. This framework 
largely correlates with the South African constitution, in particular the Bill of 
Rights. The Bill of Rights emphasises the child’s legal and constitutional right 
of access to education, resources, health care and dignity without fear of 
prejudice. Despite these efforts, children with hearing impairment continue to 
experience socio-emotional problems (Stevenson et al. 2015), speech and 
language delays (Fulcher et al. 2015; Tharpe 2008), vocational limitations 
(Punch, Hyde & Creed 2004) and barriers to social integration (Bush, 
Kaufman & McNulty 2017; Theunissen et al. 2014). Such challenges contribute 
to poor QoL for the hearing-impaired child.

It is reported that children with hearing impairment face increased anxiety 
within the classroom context because of the constant fear of misunderstanding 
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or missing the verbal content taught by the teacher (Mpofu & Chimhenga 
2013). This creates social isolation as the child develops fears about interaction 
and socialisation. Bess and Tharpe (2008) found that behavioural problems 
were more prevalent in children with hearing loss than those with normal 
hearing. This is because of their frustration with communication and 
socialisation. Both these academic and social challenges could ultimately 
impact vocational opportunities for these children.

The Employment Equity Act (1998) and the White Paper on an Integrated 
National Disability Strategy (South Africa, 1997) for South Africa outline 
guiding principles for employers regarding equal employment opportunities 
for persons with disabilities. These documents support fair opportunity and 
non-discrimination for such employees. The ICF further describes functioning 
in relation to disability and highlights the importance of ensuring that 
individuals with disability enjoy the same social, environmental, vocational 
and personal opportunities as those without disabilities. Unfortunately, 
despite all the policies and guidelines, hearing-impaired individuals are still 
marginalised because of their impairment, which is viewed negatively by 
employers because of its perceived negative impact on productivity and 
profit margins. A study based on students with severe-to-profound hearing 
loss that completed high school was conducted by the Centre of Assessment 
and Demographic Studies at Gallaudet University in the United States 
(Rawlings 1994). Almost two-thirds of the learners went on to pursue 
postgraduate studies. However, 72% acquired minimal wage jobs with no 
promise of growth within their jobs. This situation is even more significant in 
Africa as most hearing-impaired children either do not finish formal schooling 
or have limited access to tertiary education and training, thus further limiting 
their vocational opportunities (Muwaniki & Muvirimi 2017).

Because of the above-mentioned academic, social, emotional and 
vocational implications, most countries and health constituents favour the 
philosophy of Universal Newborn Hearing Screening (UNHS) to facilitate the 
early identification of hearing impairment. Unfortunately, most African 
countries lack legislation regarding mandatory NHS largely because of the 
over-burdened and constrained health care system (Khoza-Shangase & Kanji 
2021; Mahomed-Asmail et al. 2016a). Therefore, school-based hearing 
screening becomes especially important for preschool and school-aged 
children so that a hearing impairment can be identified and managed 
timeously, thus reducing its impact on development (HPCSA 2019). In addition, 
through education and awareness, the prevention of auditory impairment can 
be emphasised. The provision of health services within the school contexts 
aims to reduce the burden of disease among learners, increase awareness and 
improve the early identification of health conditions as well as provide access 
to health care services. However, the provision of early detection and 
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intervention audiology services in Africa continues to be an arduous task 
because of multiple factors (Govender et al. 2015).

One of these factors relates to the low audiologist to high patient ratio, 
particularly within the LMIC context, making equal and adequate distribution 
of services unattainable (Khoza-Shangase & Mophosho 2018). Almost 80% of 
the global population of those with moderate to profound hearing loss live 
within LMICs (WHO 2017). Furthermore, there remains a high rural population 
density in Africa, with an almost 2% growth in 2018 in the rural population 
across the sub-Saharan Africa (Macrotrends 2020). This, however, has not 
corresponded with a subsequent increase of growth in the number of health 
care workers situated within these areas. A case in point is South Africa, 
which has 46% of its population living in rural areas and only 12% of health 
care workers servicing these areas (Mburu & George 2017; WHO 2017). The 
urban and rural divide presents its own set of challenges. The extension of 
health care services to children residing within rural areas remains a concern. 
Therefore, school health nurses have been tasked with the responsibility of 
hearing screening; however, because of inadequate equipment, training and 
transport limitations, school-based hearing screening has not been 
successfully implemented (ISHP 2012). Additionally, having a child screened 
without the necessary follow-up is of little benefit. Screening services without 
established referral systems have serious ethical implications. Chapter 4 of 
this book delves into these rurality-associated challenges when recommending 
community-based audiology services as an effective strategy for the 
prevention of hearing loss in rural communities.

Another challenge with audiological service delivery relates to dependency 
and reliance on equipment and infrastructure, especially for diagnostic testing, 
as it is insufficient only to provide screening services to children. Conventional 
audiology services are largely dependent on equipment and infrastructure, 
limiting their application in under-resourced areas. These minimum 
requirements for conducting audiological testing are a soundproof or sound-
treated booth or a quiet environment in the case of screening, an audiometer 
(either diagnostic or screening, depending on the need), an otoscope, a 
middle ear analyser and accessories for testing, which includes headphones 
and a bone conduction vibrator. Because of the nature of current audiological 
methods of testing, often referred to as conventional audiological methods, 
only one person at a time can be assessed in a quiet or noise-controlled 
environment, as in the case of diagnostic testing. Because of reliance on strict 
environmental controls, diagnostic audiological testing is often non-
transferable outside the context of an audiology clinical setting.

The aforementioned discussion outlines the harsh reality of a child with 
hearing impairment within the African context. The factors impacting early 
detection, intervention and management of childhood hearing impairment in 
LMICs should actuate the continent’s consciousness in the provision of 
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optimal hearing health care. The challenges associated with current service 
delivery within schools must awaken the continent to leverage all available 
resources to advance their trajectory towards the attainment of quality child 
health care, which includes ear-and-hearing health care. Sadly, the response 
has been passive. To promote the prevention of hearing impairment and 
scale up early detection and intervention efforts, ICTs (tele-audiology) are 
being utilised to provide services to children within the rural and remote 
African context. The validity and reliability of this modality have been 
confirmed, and its results are congruent with those obtained from conventional 
methods of audiological testing (Brennan-Jones, Eikelboom & Swanepoel 
2017; Govender & Mars 2017; Mahomed et al. 2013; Margolis et al. 2010; 
Swanepoel et al. 2010). Tele-audiology-based services have been in existence 
within the profession for a long time. It is a widely accepted method of testing 
that reduces clinician variability and subjectivity (Brennan-Jones et al. 2017; 
Mahomed et al. 2013). Tele-audiology-based services can hasten the early 
detection and prevention of hearing impairment as the testing can be done 
anywhere at any time, reducing the delays with appointments and transport 
to well-resourced settings. The review of the literature also highlights the 
lack of school-based studies that evaluate the telerehabilitation aspect of 
TBA services such as remote hearing aid fittings and aural rehabilitation. 
However, several barriers within the African context prevent its sustained 
implementation.

3.2.2. Telehealth-based audiology services within 
the African school context: Benefits and challenges

Telehealth services have the potential to improve access to health care, 
particularly to remote and rural locations (Cason & Cohn 2014). The use of ICT 
in health care has become a feasible method of service delivery because of 
the increase in access to Internet connectivity. Audiologists have been 
exploring the use of telehealth-based services within various contexts, 
including within the school environment, to improve early detection and 
intervention services.

The conceptualisation and development of tele-audiology measures were 
derived from the antecedents of conventional audiology services and comprise 
a battery of several audiology tests. TBA services were developed to address 
the challenges associated with conventional testing (Govender & Mars 2018a). 
Telehealth-based audiology services could potentially address the issue of 
access to services in remote and rural areas, as such technology does not 
require the use of a sound-treated facility. Published evidence presents various 
studies regarding clinical and non-clinical uses of tele-audiology via one or 
more of the three ways that such services can be delivered, namely 
asynchronous (store-and-forward), synchronous or a combination of both 
methods (Brennan-Jones et al. 2017).
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Significant advancements have been made in the areas of hearing screening 
and diagnostic testing using telehealth methods (Kam et al. 2014; Ramkumar 
et al. 2014). More studies are also emerging on telerehabilitation within the 
audiology profession (Brennan-Jones et al. 2017; Ferrari & Bernardez-Braga 
2009; Govender & Mars 2017; Kuzovkov et al. 2014; Ramos et al. 2009). Tele-
audiology services can be used to provide screening, diagnostic and 
management services. Studies confirm the validity and reliability of the service 
delivery model and the positive outcomes of such services (Bradford, Caffery & 
Smith 2015; Brennan-Jones et al. 2017; Govender & Mars 2017).

Existing studies validate the reliability of automated hearing test results 
(Brennan-Jones et al. 2017; Mahomed-Asmail et al. 2016b). However, only a 
limited number of diagnostic studies have been conducted (Botasso et al. 
2015; Havenga et al., 2017; Mahomed et al. 2014). Remote hearing screening 
was conducted at a rurally located school on 32 children (Lancaster et al. 
2008). Two screening tests were conducted on each participant (one on-site 
and another remote). The results obtained for both screening procedures 
were comparable, indicating no significant differences between test results. 
Similar findings were obtained from remote hearing screening studies 
conducted within the school context by Monica and colleagues (2016) and 
Skarzynski and colleagues (2016). These studies do highlight certain challenges 
relating to technical issues, child-related and school-related variables such as 
noise levels, concentration levels and connectivity issues.

Regarding diagnostic pure-tone audiometry using tele-audiology, 
asynchronous testing was conducted on 149 children (an average age of 
6.9 years) without a sound-treated environment both within a soundproof 
booth with conventional audiometry and with a computerised device 
(Swanepoel et al. 2013). No statistically significant differences were found 
between thresholds recorded under both test conditions. Similar findings 
recorded by Mahomed-Asmail and colleagues (2016a) reported no differences 
between manual and automated air and bone conduction audiometry. 
Govender and Mars (2018a) found that school-based asynchronous telehealth 
hearing testing can be used to facilitate the early identification of hearing loss. 
These studies did mention that protocol revision for telehealth testing, clear 
instructions for school-aged children and connectivity issues must be 
addressed to ensure reliable results.

The findings of the above-mentioned studies implied that the telehealth 
results were reliable and reflected the results of the gold standard for audiology 
testing (pure-tone audiometry). The survey of literature clearly illustrates that 
TBA service delivery is a practical and realistic option for hearing testing 
within the school context, provided that the technical issues such as 
connectivity, patient set up and appropriate instructions are given to children. 
However, its widespread utility has been variable. A question therefore raised 
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is whether TBA and its intended usage of servicing the most vulnerable within 
Africa have materialised. Biehl and Petryna (eds. 2013, p. 4) stated that ‘any 
sustainable (medical) development has to reach and improve the conditions 
of the poorest and most vulnerable groups carrying the highest burdens of ill 
health’. This statement speaks to the aspect of sustainable and contextually 
relevant health care models, including TBA interventions. There appear to be 
several challenges that impede the implementation of TBA services. To best 
understand the challenges associated with TBA services within schools, 
scoping reviews of peer-reviewed studies were conducted by Govender and 
Mars (2017) and updated by the author in this chapter. The results of the 
reviews were analysed thematically, and four relevant challenges relating to 
TBA services were highlighted both globally and specifically within the African 
school context.

3.2.3. Challenge one: Adoption and sustainability
Adoption of telehealth technology in Africa by Audiologists and patients has 
been slow. The reasons relate to high telecommunications costs, computer 
literacy issues, motivation to use technology, lack of an active e-health strategy 
and instability of electricity provision that greatly impedes the usage of ICT in 
schools. Several studies performed globally and within the African continent 
reflect that lack of computer literacy, reluctance towards change and 
preference towards traditional methods of service delivery pose key barriers 
to the adoption and sustainability of telehealth (Medhanyie et al. 2015; 
Schwarz, Ward & Willcock 2014; Scott Kruse et al. 2018).

Scott Kruse et al. (2018) identified 33 barriers to the uptake of telehealth. 
The identified issues included technically challenged staff (11%), followed by 
resistance to change (8%), cost (8%), reimbursement issues (5%) and level of 
education of patients that prevented them from using technology (5%). These 
findings are congruent with that of Medhanyie et al. (2015), who conducted a 
study into the success factors contributing to telehealth and mHealth within 
the SSA context. The study found that technology, user acceptance, short- 
and long-term funding, organisational factors and political or legislative 
aspects largely determine the successful outcomes of a telehealth programme.

Rourke, Bromwich and Chan (2014) stated that lack of user acceptance of 
technology is a primary reason for poor uptake of telehealth and that 
exposure to and experience with telehealth increases positivity. Telehealth 
services were never established to replace conventional service delivery 
methods but were developed to supplement current practices and increase 
access to services. A mindset shift is cardinal to the sustainability of telehealth 
services within the African context. A good starting point in addressing this 
issue is to conduct mass-scale e-readiness evaluations among teachers, CHW, 
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health professionals, parents and learners to gauge the areas that need to be 
addressed within a telehealth acceptability model. General literacy levels are 
relatively low in Africa, with e-Literacy rates being even lower (Deen-Swarray 
2016). Deen-Swarray (2016) conducted a study on e-literacy rates in Arica 
and found that both adoption and range of ICT use correlate with increased 
basic literacy and e-literacy rates. Integrating education, e-learning training 
and improving e-literacy rates is paramount to the successful uptake of 
telehealth in Africa. A further barrier to the adoption and sustainability is the 
lack of adequate infrastructure. The evident digital divide between urban and 
rural schools across Africa is exacerbated by the lack of stable ICT networks, 
electricity access and limitations of computers and videoconferencing 
facilities. While most governments across many African countries, including 
South Africa, have formulated policies to address the digital divide, there has 
been a lack of implementation to this point. In a study conducted in several 
African countries including Nigeria, Uganda and Madagascar, it was found 
that fewer than 5% of rural primary schools have access to electricity 
(UNESCO Institute for Statistics 2015). Other countries such as South Africa, 
Tanzania and Lesotho had comparatively better electricity coverage in rural 
primary schools of around 20% (UNESCO Institute for Statistics 2015); 
however, connectivity issues remain a concern. Racial inequalities in the past 
geographical landscape of the rural areas and the lack of adequate and safe 
access and entry to some rural and remote areas of Africa are all contributory 
factors to the lack of adequate infrastructure. Electricity and connectivity are 
essential components in creating an ICT-enabled environment for tele-
audiology services in rural African schools.

3.2.4. Challenge two: Comprehensive service 
delivery

Most TBA studies conducted in the African school context are based on 
screening outcomes. It is widely known that access to specialist and diagnostic 
services within the rural African context is challenging. The realistic approach 
to holistic management of auditory childhood disorders as well as to ensure 
prevention and promotion of hearing and ear care would be to introduce a 
comprehensive audiology programme within the school context, ensuring the 
identification of hearing impairment is followed up by appropriate intervention 
and management strategies. This would result in beneficial outcomes across 
the different facades of a person’s life, ultimately contributing to economic 
benefits for a country. Figure 3.1 displays the long-term positive impact of 
early detection and intervention.

This implies an integration of all audiology services within a telehealth 
programme from screening to management. More attention needs to be given 
to diagnostic and intervention services as most studies conducted on 
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telehealth services in schools are based on screening data (Govender & Mars 
2017). Screening services are only effective if follow-up diagnostic services 
are provided. However, the availability of assistive devices after the assessment 
is completed is constrained by financial issues (Wilson et al. 2017). Studies 
done in Southern African countries indicate that there is a disproportionate 
relationship between the availability of assistive devices and the prevalence of 
disorders, with provision favouring mobility challenges over communication 
disorders, despite the higher prevalence of communication disorders in 
relation to other disorders (Matter & Eide 2018).

Contributing to the challenge of delivering comprehensive services is the 
lack of standardised protocols for TBA. Protocol adaptations are required to 

FIGURE 3.1: Depiction of the positive impact of early identification.
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provide tele-audiology services to children (Hughes et al. 2012; Khoza-
Shangase & Kassner 2013). These include the need for conditioning techniques 
prior to testing because of the complexity of the equipment, the need for 
correction factors and the inclusion of other tests such as tympanometry and 
speech audiometry testing within a telehealth test environment (Botasso 
et al. 2015; Maclennan-Smith, Swanepoel & Hall 2013). Modifications to 
conventional protocols should be developed based on evidence-based 
practice (Hughes et al. 2012).

3.2.5. Challenge three: Guidelines and policy 
formulation

According to Krupinski and Bernard (2014), developing operational, technical 
and ethical guidelines and standards is necessary to ensure the effective and 
safe delivery of quality health care. In addition, the recent reports of the 
American Medical Association (AMA) (2014, 2016) on coverage and payment 
of telehealth recommend that for payment to be made, the delivery of 
telehealth services must follow evidence-based practice guidelines to ensure 
patient safety, quality of care and positive health outcomes. One of the goals 
of the guidelines is to ensure that the standard of care provided via telehealth 
methods is comparable to and as reliable as the conventional methods of 
conducting such tests (Krupinski & Bernard 2014).

None of the African countries have developed a set of comprehensive, 
evidence-based practice, clinical or operational guidelines. South Africa 
provides general Ethical Guidelines for Good Practice in Telemedicine (HPCSA 
2014). These guidelines, as well as several other procedural documents 
available in other African countries, are largely based on European- and 
American-based guidelines (World Medical Association [WMA] 2009). These 
available guidelines have some fundamental flaws. The HPCSA Ethical 
Guidelines, for example, do not speak to clinical guidelines. Clinical guidelines 
are developed by a team of experts that outline appropriate treatment and 
care as well as recommendations as well as rehabilitation and follow-up (Kredo 
et al. 2017). Clinical guidelines inform clinical decision-making for both the 
practitioner and the patient to ensure quality or process of care and patient 
outcomes. This would be especially important in documenting how these 
processes should take place for both an asynchronous and synchronous TBA 
programme. These are in effect operational and technical guidelines for 
telemedicine but not clinical guidelines. More importantly, none of the 
documents speak directly to tele-audiology.

As stated in the various African e-health strategies, clinical, operational, 
ethical, legal and technical guidelines are required. Of primary importance at 
present for tele-audiology are clinical and ethical guidelines. It would be 
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difficult to apply generic guidelines within the school context. Using the 
example of school screening and diagnostic testing, the currently available 
guidelines in Africa state that it is the duty and responsibility of the consulting 
practitioner to obtain informed consent for telehealth purposes. The consulting 
practitioner, in this instance, would not necessarily be a medical practitioner 
but may be a school principal, or a district health or education official who is 
conducting the screening programme. Such detail requires careful articulation 
within school-based tele-audiology guidelines. In addition, the HPCSA 
guidelines require that a copy of the consent form be kept with the patient’s 
records and a duplicate given to the patient. This has implications for 
gatekeeper access, confidentiality issues, password encryption, language 
issues and assurance of follow-up of recommendations; in other words, a 
good tracking and monitoring electronic system.

The HPCSA telemedicine guidelines further state that patient-initiated 
telehealth should be restricted to the circumstance in which a prior health 
care–patient relationship exists, thereby allowing the health care practitioner 
to obtain sufficient knowledge of the patient’s clinical condition before making 
a diagnosis, treatment or recommendation. This will effectively block most, if 
not all, tele-audiology screening and diagnostic services in schools. There are 
also concerns about the validity of consent. Consent should ideally be obtained 
in the patient’s first language, but the lexicons of African languages have 
failed to keep pace with technology and there are no words for many technical 
terms. In a study in KwaZulu-Natal, only 7% of patients at a rural hospital 
understood the sentence, ‘I consent to a telemedicine consultation’ in their 
mother tongue, isiZulu (Jack, Hlombe & Mars 2014). If the learner or caregivers 
cannot comprehend what is required or cannot interpret the terminology 
appropriately then this may render the informed consent invalid.

Another challenge related to tele-audiology guidelines in Africa is the 
fragmentation of related policies and guidelines. The sustainability and 
feasibility of the tele-audiology services within the African school context 
require a coordinated approach. Health departments, education departments 
and policymakers need to ensure the alignment of policies and plans. For 
example, policies relating to targeted screening of risk factors for hearing 
impairment, eEducation policies, the country’s e-health strategy and school 
health policies should speak to coordinated efforts and joint funding to ensure 
maximum benefit and responsible usage of resources. There is merit in health 
and education departments coming together to pool their resources in setting 
up ICT infrastructure within schools so that such infrastructure can be used 
both for teaching and learning as well as to conduct medical surveillance.

The absence of guidelines for tele-audiology has been identified as a barrier 
to its uptake. Guidelines must therefore be developed to protect patients and 
practitioners and satisfy the concerns of regulators. They must be developed 
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by local experts, be relevant to local needs and conditions, and be evidence or 
at least experience based. This will not be easy in the absence of broad and 
prolonged local experience in all aspects of tele-audiology. However, this 
should not be a deterrent and the work to develop guidelines needs to 
commence.

3.2.6. Challenge four: Education and training 
of health care professionals

One of the telehealth promotion strategies (see Govender & Mars 2018b), 
particularly within developing contexts, is to assimilate telehealth–care 
approaches into the education and training programmes of health care 
professionals to improve awareness, utility and sustainability in a variety of 
health care contexts (cf. Edirippulige, Armfield & Smith 2013). The benefits 
associated with telehealth provide the impetus for student and professional 
training across the health care disciplines. Students need to receive their 
training from institutions that have experienced faculty with relevant 
content knowledge and research experience in the field. In South Africa, for 
example, the DoH outlines 10 priorities (10-point plan) within the national 
service delivery agreement (NSDA), one of which is the need to improve 
health infrastructure, including the use of ICT and sophisticated technology 
to advance patient care (SANDoH 2012). One aspect identified within the 
strategic objectives is the need to improve telehealth capacity building. The 
strategy notes that educational opportunities in telehealth are limited, and 
the government therefore aims to promote capacity development in 
telehealth through education and research. Universities through their 
academic staff have been identified as key role players to facilitate this 
process. Related to this is the development of education and training 
courses that are well structured to provide the theoretical and practical 
competencies required for administering clinical and educational services 
via a telehealth model.

Telehealth can improve service delivery to remote and rural areas, reduce 
health service disparities that exist between socio-economic groups and 
reduce health costs. Education and training in this area would strengthen the 
capacity to deliver and sustain these services (Edirippulige et al. 2013). Ehnfors 
and Grobe (2004) mentioned that lack of technical knowledge is a real 
challenge facing health care professionals who may find themselves in the 
future working in a technologically driven health care system without the 
necessary competencies. This statement provides a strong motivation for 
education and training and the need for certification programmes for both 
academics and health care professionals. Frenk et al. (2010) mentioned that 
the transformation of education for health care professionals is needed to 
strengthen health systems. It was emphasised that ICT is important for 
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transformative learning by exposing undergraduates to telehealth models of 
service delivery. In a study conducted by Govender and Mars (2017) on health 
sciences academics across several higher education institutions, it was found 
that 59% (n = 66) of academics were unfamiliar with terms such as synchronous 
and asynchronous services. Eighty per cent of academics felt it necessary to 
include telehealth into the curriculum. The majority (89%) did not conduct 
research in telehealth. Seventy-one per cent felt positive that telehealth could 
benefit their respective professions, and 30% stated that lack of standards 
creates a negative attitude towards the area and its sustainability. Most 
participants (77%) felt that their final-year students knew very little about 
telehealth upon exiting the programme. Table 3.1 below displays some of the 
findings from the study.

These findings support the view that education and training in TBA services 
must be accelerated. This is particularly important as countries around the 
world navigate through the current COVID-19 pandemic. It is fundamental 
that students be trained to work in a digital world.

In attempting to meet the training needs of students and graduates, 
Govender and Mars (2017) outlined six key areas that need to be included in a 
telehealth training programme. These areas are (1) terminology, standards, 
protocol and guidelines development associated with telehealth services, 
(2)  contextually relevant practice, (3) computer literacy and technological 
competence, (4) limitations of telehealth services, (5) ethical issues and 
(6) data management with synchronous and asynchronous services.

Contextual relevance is important within health care, especially when one 
considers establishing infrastructure and rolling out technology to promote 
health services. In a context where social determinants of health have 
contributed to inequitable distribution of health in terms of its resources and 

TABLE 3.1: Attitudes of South African academics regarding telehealth (n = 66).

Item Yes %

Telehealth can positively impact our profession. 47 71

Lack of standards, guidelines and policy make it difficult to implement such practice. 20 30

Face-to-face contact is central to our professional interaction, making tele-audiology 
inappropriate.

10 15

Telehealth can address the barriers to services related to access and language between 
clinician and patient. 

47 71

Telehealth can improve health service delivery in SA. 47 71

Telehealth is a promising concept, provided that a structured curriculum is designed to 
train students appropriately. 

50 76

I think that telehealth is sustainable within the SA context. 32 48

Introducing Telehealth into clinical training would not improve learning outcomes by 
increasing exposure to more diverse patients. 

18 27

Source: Govender and Mars (2017).
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access (McLaren, Ardington & Leibbrandt 2013), together with redressing the 
injustices of the past, careful consideration must be taken to ensure that these 
service delivery models are both feasible and sustainable.

Data management and technological competences are a particularly 
important part of telehealth services, especially when one considers 
the intricacies associated with the storage, retrieval and transmission of 
patient information. Failure to do so adequately could result in malpractice. 
According to Scott Kruse et al. (2018), understanding technology, together 
with its advancement and development, is absolutely integral in promoting 
the progression of the science behind telehealth. They emphasised that it is 
important to also understand how the patient views technology and its ability 
to assist them in health care. This understanding is largely developed from the 
information imparted by a knowledgeable health care provider. Understanding 
how technology works is important, considering that telehealth technology 
can range from simple videoconferencing technology to sophisticated 
computer programmes and virtual environments (Karr 2012). While countries 
around the world and in Africa have significantly progressed in providing 
medical technology and information systems to support the health care 
system, the lack of trained professionals has resulted in its under-utilisation 
(Jobson 2015). The future of telehealth services depends largely on the pursuit 
of high-quality training and development, as it is difficult to envisage 
technological-based health care without transforming the training of health 
care professionals.

An understanding of legal and ethical issues related to telehealth service 
delivery is crucial for effective practice (George, Whitehouse & Duquenouy 
2013). Ethical practice guides professional behaviour and is central to service 
delivery. Townsend and Scott (2019) outlined several current ethical challenges 
facing the implementation of telehealth practices in Africa. These include the 
fluidity of the doctor-patient relationship, privacy, confidentiality, data 
protection, accountability, liability, consent, record-keeping, data storage and 
authentication. It is essential that ethical practice is regulated by professional 
bodies to ensure equitable, standardised and fair practice. Townsend and 
Scott (2019) further articulated the need for guidelines to speak to the 
triangulation of patient protection rights, transformative practice and health 
care innovation. Recently, Naudé and Bornman (2021) carefully deliberated on 
ethical challenges relating to EHDI in the context of tele-audiology within the 
South African context, where they asserted that ethical challenges in this area 
refer to six concepts; (1) licensure, (2) competence, (3) privacy and 
confidentiality, (4) informed consent, (5) effectiveness of services and 
programme validation and (6) reimbursement for services.
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3.3. Recommendations and solutions
Several challenges were highlighted in the aforementioned discussion. To 
advance TBA services in the African context, there needs to be clear articulation 
from policy to implementation and monitoring. This is important to ensure 
both sustainability and quality of services provided. In addition, for the 
sustainability of TBA, consideration must be within the auspices of the current 
health funding model of countries. As an example, South Africa is currently 
underway in rolling out its NHI programme (DoH 2019). This programme is 
intended to pool health funding so that there is equitable and equal distribution 
of health resources. It is recommended that key stakeholders engage 
governments to incorporate tele-based programmes into the fiscal policy. 
This would ensure that the necessary support and prioritisation are given to 
such programmes. The proposed developmental model for TBA services 
within the African school context has been developed by the author of this 
chapter, and this is depicted in Figure 3.2 (PRIME sustainability model for 
 tele-audiology). The PRIME maturity model is proposed to advance the utility 
and sustainability of telehealth by ensuring the development and usage of 
protocols and guidelines, ensuring that all audiometric procedures and 
processes are reliable and valid by applying integration and organisation of 
resource distribution, particularly within health and education in order to 
reduce expenditure, to apply effective management solutions over TBA 
services and finally to ensure education and training of professions, as well as 
monitoring and evaluation of TBA programmes. A maturity model assists in 
improving capacity and efficiency by providing structure to implement and 
sustain a programme. Against the backdrop of the current economic climate 
and societal health care challenges, sustainability models propose the efficient 
utility of financial and human resources. In addition, such models can support, 
maintain and increase the economic benefits of such a model by reducing 
negative effects, thereby ensuring longevity and future utility of the service.

The PRIME sustainability model is a five-stage process to ensure that the 
appropriate components are considered when tele-audiology programmes 
within the school context are considered. Protocols, standards and guidelines 
are navigational tools needed by all key role players working towards the 
development and application of tele-audiology programmes in schools. 
Protocols provide a reasonable sequence of how the service should be 
delivered and ensures the future service delivery is consistent and offers 
consensus in practice for all health care professionals. Protocols can be revised 
and adapted alongside best practice guidelines and clinical discretion. These 
changes are often first discussed and approved by professional bodies before 
being adopted. Standards are aligned to regulations within a particular 
profession or country (ESG 2015). These standards are formulated by various 
structures and stakeholders. Guidelines ensure reliability and quality assurance 
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(ESG 2015). Health care professionals have stated that while they find 
telehealth to be a practical and resourceful addition to traditional health 
practices, the lack of guidelines raises concerns in the reliability of test 
outcomes. Reliability and validity of test equipment and protocols must be an 
ongoing process and must be extended to diverse populations to ensure 
generalisability. Integration and organisation are of particular importance 
within the African context given the constrained resources. The preferred 
approach would be to integrate TBA into the current audiology service 
delivery framework. The integration must be seamless and logical. 

FIGURE 3.2: PRIME sustainability model for tele-audiology.
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More importantly, the integration must be evidence-based. An implementation 
plan that includes coordination between the DoE and DoH would be mutually 
beneficial, practical and cost-efficient. Management in this model does not 
only refer to managing the audiological programme within the school context 
but refers to change management and capacity building through education, 
training and development. Ongoing and consistent evaluation of health care 
models and systems is synonymous with quality assurance measures. As 
depicted in Figure 3.2, this maturity model is not a linear, once-off approach 
but suggests a feedback loop. This implies that all aspects must continually be 
considered to improve the quality and standard of health care delivery through 
TBA services.

3.4. Conclusion
Africa faces numerous challenges when it comes to addressing the health 
care needs of children. Poverty, burden of disease, limited access to services 
and under-resourced health care facilities impact on health and QoL 
outcomes for children. Sensory deficits are prevalent among African children. 
Hearing impairment can negatively impact the academic, social, emotional 
and vocational areas of a child’s life. Audiology services offered within the 
school context offer a solution to the reduction in hearing impairment among 
children; however, this has been met with several challenges, including 
infrastructure inadequacies, financial and human resource limitations and 
the lack of a coordinated and sustained approach. Telehealth-based 
audiology services are feasible and can be useful in identifying hearing 
impairment for children in rural and remote areas. The widespread utility of 
TBA services is constrained by four primary key challenges. These include 
adoption and sustainability, comprehensive service delivery, guidelines and 
policy formulation, education and training of health care professionals and 
ongoing quality improvement. A sustainability model is proposed to facilitate 
the growth and maturity of tele-audiology within the African school context 
and consists of processes including the development, revision and ongoing 
reviewing of protocols and guidelines, maintaining and evaluating test 
reliability and validity, integration and coordination of resources, platforms 
and funding by key role players so that there is a collaborative response to 
TBA services, and finally the management and evaluation of programmes 
and services to ensure quality assurance.
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4.1. Introduction
Irrespective of the age of onset, disabling hearing loss is a complex 
phenomenon with devastating consequences. There is a global concern over 
the rapid increase of disabling hearing loss, which is mostly because of the 
corresponding rise and ageing of the global population. It is estimated that by 
the year 2030, 630 million people will live with disabling hearing loss (WHO 
2020b). This staggering projection demands action to prevent hearing loss, 
especially in the rural areas of LMICs such as South Africa. In this chapter, the 
author defines health access, outlines strategies for the prevention of hearing 
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loss and deliberates on challenges faced by rural communities in accessing 
ear-and-hearing health care, contextualises the current status of hearing 
health services in rural South Africa, and proposes an audiology service 
delivery model that will improve access to affordable, cost-effective, quality 
hearing health services in these areas. All this is carried out to ensure 
sustainable universal audiology service provision, in line with the WHO’s UHC 
imperative, which the country is aiming for with the new NHI bill.

The right to access ear-and-hearing health care by people who live in rural 
communities is a global issue, as untreated hearing loss is more prevalent in 
these communities (Chan et al. 2018; Joubert & Botha 2019). Hearing loss 
negatively impacts the person with hearing loss and his family (WHO 2020b). 
The functional impact of untreated hearing loss includes the individuals’ ability 
to communicate with others, as well as the academic performance of children 
and young adults. The communication challenges lead to social and emotional 
difficulties, which can cause feelings of frustration, loneliness and isolation, 
especially in older individuals with hearing loss. The economic impact of 
untreated hearing loss on the health sector, costs of educational support, loss 
of productivity and societal costs are significant (WHO 2020b). It has also 
been found that adults with hearing loss have a higher unemployment rate 
than those with normal hearing (WHO 2020b). Hearing loss is thus positively 
correlated with poverty, educational attainment and manual labour – issues 
that are prominent in rural areas (Chan et al. 2018). Rural communities that 
already face limited access to hearing health services, with high unemployment 
and poverty rates, are thus adversely affected by untreated hearing loss (Chan 
et al. 2018).

4.2. Background
4.2.1. Access to health care

Access to health care is a complicated concept, as is demonstrated in the 
diversity of interpretations of the concept among researchers (Edusei & 
Amoah 2014; Levesque, Harris & Russell 2013). Access is defined as a way or 
means of approach or entry; as the right to approach, reach, enter or make 
use of something (Collins Dictionary 2020), while it has also been defined as 
the degree of ‘fit’ between clients and the system in question (Penchansky & 
Thomas 1981). Specifically, access to health care refers to ‘[…] the opportunity 
to identify health care needs, to seek health care services, to reach, to obtain 
or use health care services and to actually have the need for services fulfilled’ 
(Levesque et al. 2013, p. 8). For us to understand what access to health care 
involves, the factors that influence the entry to or use of a given health care 
system require clarification. 

The comprehensive and multifaceted nature of Levesque and colleagues’ 
(2013) definition of access to health care highlights that factors relating to 
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structural features should be considered when assessing access (Edusei & 
Amoah 2014). Five dimensions that have been identified to influence one’s 
ability and willingness to enter or use a facility or service, as depicted in 
Figure 4.1, include (1) availability, (2) accessibility, (3) affordability, (4) 
accommodation and (5) acceptability (Edusei & Amoah 2014).

 4.2.1.1. Availability
Availability refers to the opportunities and options people have concerning 
health care (Edusei & Amoah 2014). It implies that health services (either the 
physical space or appropriate type of service providers and resources) can be 
easily reached in a timely manner (Levesque et al. 2013; Peters et al. 2008). 
Often, the availability of services is measured using indicators such as the 

FIGURE 4.1: Dimensions of health access.
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number of health care workers (e.g. audiologists) per unit population. The 
author contends that issues relating to the availability of health services, 
especially hearing health services, are some of the reasons why rural 
communities are marginalised, particularly within the African context.

 4.2.1.2. Accessibility
Accessibility denotes the physical distance or travelling time from the location 
of the user to the service delivery point (Edusei & Amoah 2014; Peters et al. 
2008), in this case ear-and-hearing health care facilities. If available resources 
are unevenly spread around geographical locations and across levels of health 
care, access is deemed to be restricted. Distance to facilities, travel time, 
quality of roads and access to transport are important factors in when, where 
and how people use health care services (Peters et al. 2008). 

 4.2.1.3. Affordability
Affordability implies the financial capacity to use resources and time to access 
relevant health services (Levesque et al. 2013). The financial component is one 
of the key factors that allow or prevent individuals from using health services 
of their choice (Edusei & Amoah 2014). The costs of accessing health care 
include direct user fees (treatment fees), related costs (transport, medication, 
food and accommodation) and opportunity costs (travel and waiting times) 
(Peters et al. 2008). The impact of these costs depends on the user’s 
willingness and ability to pay. 

 4.2.1.4. Accommodation
Accommodation entails the adequacy of the services, how the services are 
provided, and the integrated and continuous nature thereof (Edusei & 
Amoah 2014). The accommodative nature of a given service includes 
factors such as hours of operation, appointment systems, waiting times, 
and the technical and interpersonal quality of the services provided (Edusei 
& Amoah 2014). Some people may be either encouraged or discouraged by 
the status of one or more of these factors (Peters et al. 2008). Long waiting 
times, poor queue management or unfriendly and unprofessional staff may, 
for example, dissuade patients from accessing health services. It is also 
argued that less educated members of society may have difficulties in 
accessing health services because of a lack of knowledge and information, 
illiteracy and ignorance (Edusei & Amoah 2014). In this vein, accommodation 
is related to potential users’ health literacy, self-efficacy and self-
management, as well as their capacity to communicate their needs 
(Levesque et al. 2013).
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 4.2.1.5. Acceptability
Acceptability is ‘[…] the match between how responsive health service 
providers are to the social and cultural expectations of individual users and 
communities’ (Peters et al. 2008, p. 162). Levesque and colleagues (2013) 
included professional values, norms, gender and culture as factors related to 
acceptability. It thus represents people’s expectations and perceptions 
regarding the services provided in relation to the factors mentioned (Peters 
et al. 2008). 

In summary, the ability of governments to address health problems is 
affected by several wide-ranging factors, including the availability of health 
services, affordability of services, accessibility of the services, the 
accommodating nature of the available services and how acceptable the 
available services and facilities are to the user (Edusei & Amoah 2014). 

4.2.2. The South African health care system
The South African health care system is divided between the private and 
public sectors, with most of the population (82.21%) dependent on the public 
sector for health care (Statistics South Africa [StatsSA] 2017). Since the year 
1994, the government has made progress toward the reform and improvement 
of the public health sector (Burger & Christian 2018). With the expansion of 
the physical availability of public health facilities, the geographical availability 
of these services has improved, especially for the poorest and most 
marginalised (Burger & Christian 2018). Despite the increased geographical 
availability of health services, the health care system is distressed (Dhai & 
Mahomed 2018) and fraught with problems, which negatively impacts its 
service delivery. Identified challenges include ineffective leadership and 
management (Dhai & Mahomed 2018; Malakoane et al. 2020; Taylor et al. 
2018), fragmentation of health services (Malakoane et al. 2020), poor financial 
management (Dhai & Mahomed 2018; Malakoane et al. 2020), chronic staff 
shortages (Dhai & Mahomed 2018; Malakoane et al. 2020; Taylor et al. 2018), 
equipment shortages (Maphumulo & Bhengu 2019) and increased litigation 
costs (Maphumulo & Bhengu 2019; Taylor et al. 2018).

South Africa’s public health care system is built upon the primary health 
care (PHC) approach. This approach addresses the main health problems in 
the community by providing promotive, preventive, curative and rehabilitative 
services (DoH 2017). According to the Alma-Ata Declaration, PHC is the first 
level of contact for individuals, families and communities with the national 
health system, which brings health care as close as possible to where people 
live and work and constitutes the first element of a continuing health care 
process (WHO 1978, p. 1). However, the concentration of resources and services 
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in hospitals relies on expensive curative services at the expense of early 
interventions that are aimed at health promotion and prevention of disease. 
With curative services as the priority, rehabilitation services are also neglected. 
Curative services remain one of the most significant cost drivers of the public 
health care system (Eagar, Rensburg & Versteeg-Mojanaga 2013). 

In pursuit of UHC, the South African government recently promulgated the 
NHI bill. Universal health coverage means that:

[A]ll individuals and communities receive the health services they need without 
suffering financial hardship. It includes the full spectrum of essential, quality health 
services, from health promotion to prevention, treatment, rehabilitation, and 
palliative care. (WHO 2020a:n.p.)

Three related objectives are represented in this definition: equity in access to 
health services, quality health services that will improve the health of users 
and financial risk protection (DoH 2017). The adoption and achievement of 
UHC will go a long way to help the country achieve SDG Goal 3 (to ensure 
healthy lives and promote well-being for all at all ages), which was adopted in 
2015 by the UN.

The NHI aims to build on the reforms already implemented in the country. 
Designed as a health financing system, the NHI will pool funds with which 
services can be purchased to provide all South Africans with universal access 
to quality, affordable personal health services, regardless of their 
socio-economic status. Health services that will be covered by the NHI will be 
free and specific to an individual’s need for health care. It is envisaged that the 
implementation of the NHI will ‘address structural imbalances in the health 
system and reduce the burden of disease’ (DoH 2017). As a response to the 
current challenges in the health care system (such as poor performance and 
persistent inequalities), the NHI further aims to improve quality, coverage and 
equity for vulnerable subgroups (Burger & Christian 2018), such as those living 
in rural communities.

4.2.3. Rurality
Rurality is more than a geographical location as it also refers to the ‘structure, 
state, and QoL of people living in sparsely populated areas’ (Duncan, Sherry 
& Watson 2011, p. 42). These complexities in defining rurality are acknowledged 
by Watermeyer and Barratt (2013) who defined rural areas as:

[R]emote areas with poor infrastructure, poor basic service provision, low levels 
of literacy, high levels of unemployment, limited access to health and education 
services, and high incidence of communicable diseases such as HIV and AIDS. (p. 3)

The Rural Health Advocacy Project (RHAP) uses the term ‘rural’ more 
specifically in relation to rural health care access. According to the RHAP 
definition, ‘rural’ is typically characterised by six aspects: geographical 
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remoteness and long distances between levels of care, topographical features 
(e.g. mountainous landscapes) that hinder physical access to health care, low 
population densities, high cost of service delivery because of lower economies 
of scale, difficulties in recruiting and retaining health care workers, and a 
common characterisation by higher levels of deprivation than urban areas 
(Eagar et al. 2013).

4.3. Prevalence of hearing loss: 
Current trends

The rates of hearing loss around the globe are set to increase significantly 
over the next century (WHO 2018). The WHO (2020b) estimated that by the 
year 2030, nearly 630 million people will have disabling hearing loss. This 
number will rise even further to 900 million by 2050 if the current demographic 
trends continue. The extent of this problem is further reflected in the 1.1 billion 
young people alone who are at risk of hearing loss because of exposure to 
loud sounds in recreational settings (Chadha, Kamenov & Cieza 2019). The 
global financial burden of unaddressed hearing loss is significant and is 
projected at more than US$750bn annually (WHO 2020b). The changing 
profile of global hearing loss will be more evident in the South Asian, Asia 
Pacific and sub-Saharan Africa regions, where the prevalence is currently 
estimated to be nearly four times that of high-income areas (WHO 2018). This 
calls for careful planning around the prevention of hearing loss by LMICs, such 
as South Africa. 

4.4. Prevention of hearing loss
The alarming rise in the prevalence of hearing loss was recognised at the 70th 
World Health Assembly (WHA), which adopted resolution WHA 70.13 on the 
prevention of deafness and hearing loss in 2017 (Box 4.1). South Africa, as an 
active member state of the WHO, is included in the call to take stronger action 
to integrate strategies for ear-and-hearing health care within the framework 
of its health system and to ensure that these services are accessible to those 
who need them (WHO 2017b). Resolution WHA 70.13 includes nine guidelines 
that serve as a roadmap to achieving universal hearing care, particularly in 
LMICs. Adhering to these guidelines will close the gap between the high need 
for hearing services, low demand because of limited awareness and the low 
supply of hearing care resources (e.g. workforce, equipment and technology).

Governments, hearing health care professionals and other stakeholders 
should embrace this high-level global interest in the disability-inclusive 
development agenda (WHO 2018). This level of interest should be used as the 
impetus behind taking steps toward active implementation of contextually 
relevant programmes to stem the upward rise of disabling hearing loss. 



Community-based audiology services

72

Encouragingly, it is suggested that 50% of all cases of hearing loss can be 
prevented through public health measures (WHO 2019). In children (0–15 
years), it is estimated that 60% of hearing loss may be attributed to preventable 
causes, such as infections (including cytomegalovirus, chronic OM, measles, 
meningitis and mumps), complications at the time of birth and use of ototoxic 
medicines in expecting mothers and babies (WHO 2019). In LMICs, this figure 
is significantly higher at 75% (WHO 2019).

In support of World Health Assembly resolution WHA 70.13 highlighting 
the issue of deafness and hearing loss, practical strategies to guide the 
prevention of deafness and hearing loss have been published (Olusanya, 
Neumann & Saunders 2014; WHO 2019), which should be adapted to the 
specific needs for hearing health care of a country. Three levels of prevention 
are proposed: primary, secondary and tertiary levels, with typical activities 
outlined for each of the levels (Figure 4.2). These prevention strategies are 
relevant to all age groups. Specific disorders and risk factors related to 
deafness and hearing loss are included for each age group.

Member states of the World Health Organization are urged to:
• Integrate strategies for ear-and-hearing health care within the framework of their primary health care 

systems, under the umbrella of universal health coverage, by such means as raising awareness at all 
levels and building political commitment and intersectoral collaboration.

• Collect high-quality population-based data on ear diseases and hearing loss to develop evidence-
based strategies and policies.

• Establish suitable training programmes for the development of human resources in the field of  
ear-and-hearing health care.

• Ensure the highest possible vaccination coverage against rubella, measles, mumps and meningitis, in 
line with the immunisation targets of the Global Vaccine Action Plan 2011–2020, and in accordance 
with national priorities.

• Develop, implement and monitor screening programmes for early identification of ear diseases, such 
as chronic suppurative otitis media and hearing loss in high-risk populations, including infants, young 
children, older adults and individuals exposed to noise in occupational and recreational settings.

• Improve access to affordable, cost-effective, high-quality, assistive hearing technologies and 
products, including hearing aids, cochlear implants and other assistive devices, as part of universal 
health care coverage, taking into account the delivery capacity of health care systems equitably and 
sustainably.

• Develop and implement regulations for the control of noise in occupational settings, at entertainment 
venues and through personal audio systems, as well as for the control of ototoxic medicines.

• Improve access to a variety of ways of communicating through promoting alternative methods of 
communication, such as sign language and text captions. 

• Actively work towards attaining the goals in UNESCOs 2030 Agenda for Sustainable Development 
SDG 3 to ensure a healthy lifestyle and to promote well-being for all individuals of all ages. SDG 4 
aims to provide inclusive and equitable quality education and promote lifelong learning opportunities 
for all individuals. These two sustainable development goals (SDGs) have specific reference to 
individuals experiencing hearing loss.

Source: WHO (2017b, p. 2).

BOX 4.1: WHO guidelines for the prevention of deafness and hearing loss.
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4.4.1. Primary prevention
In LMICs, the primary prevention of deafness and hearing loss must be 
prioritised. Primary prevention largely involves the promotion of a healthy 
lifestyle, better nutrition and personal hygiene, health education, counselling 
and immunisation against diseases such as measles, meningitis, mumps and 
rubella (WHO 2019). Primary prevention, for the most part, can be integrated 
within the framework of PHC services. A thorough understanding of the 
aetiology of and risk factors for hearing loss in a given population is, however, 
critical before implementation (Olusanya et al. 2014). 

With health education being one of the most important primary prevention 
strategies, health care workers at all levels of care should be empowered 
with the knowledge to provide appropriate health education and counselling 
to the public. Specific focus should be placed on (1) the risk factors for 
hearing loss, (2) practices related to healthy ear care and safe listening and 
(3) the role of the audiologist in the identification and management of 
hearing-related problems. 

The Extended Programme on Immunisation (EPI), initiated by the 27th 
WHA in 1974, is an example of the success of primary prevention strategies. 
In 2014, immunisation against diseases such as measles, meningitis, mumps 
and rubella protected more than 80% of children across the world from 
preventable conditions (Davis 2019). It has been found that immunisation 
remains the most cost-effective public health care intervention (Davis 2019; 
DoH 2014). 

4.4.2. Secondary prevention
The focus of secondary prevention is on the implementation of screening 
programmes for the early identification of ear diseases (e.g. otitis externa and 
acute or chronic OM), impacted cerumen, foreign bodies and hearing loss 
(Olusanya et al. 2014; WHO 2019). These screening programmes should target 

FIGURE 4.2: Hearing loss prevention strategies.
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high-risk populations, such as infants, young children, people exposed to 
occupational and recreational noise, and older adults (WHO 2017b). Examples 
of screening programmes include universal neonatal screening and routine 
screening on formal school-entry. Should ear disease or hearing loss be 
identified, prompt treatment and management are recommended (Olusanya 
et al. 2014). Chapters 5, 6, 7, and 11 in this book provide evidence, challenges 
and solutions for the South African context on secondary-level prevention in 
early detection of middle ear pathologies, NHS, ototoxicity and early detection 
of occupational-and environmental noise. 

The management of hearing loss throughout the life course is important as 
events and experiences earlier in life (such as middle ear pathologies, use of 
ototoxic medication and prolonged exposure to occupational-and recreational 
noise) may contribute to hearing loss later in life (Davis et al. 2016). According 
to the life course health development (LCHD) model (Halfon & Hochstein 
2002; Halfon et al. 2014), the promotion of healthy hearing is a lifelong process 
(Davis et al. 2016).

4.4.3. Tertiary prevention
Once hearing loss has been identified, tertiary prevention activities should be 
implemented to minimise the associated negative consequences of hearing 
loss. These activities include the fitting of hearing amplification devices (such 
as hearing aids and cochlear implants), aural habilitation or rehabilitation, sign 
language training and, most importantly, access to education (Olusanya et al. 
2014) and employment. 

The afore-presented prevention strategies provide governments, hearing 
health care professionals and other stakeholders with concrete guidelines 
on how to arrest the current upward trend in the global burden of hearing 
impairment. Using the UHC impetus and drive towards implementation of 
NHI, the prevention of hearing loss must be prioritised by the South African 
government. This is particularly important as hearing loss has become a 
major global health concern and is now ranked as the fourth leading 
contributor of years lived with disability (Wilson et al. 2017). 

Increasing awareness of the problem of deafness and hearing loss has 
resulted in increasing demand for ear and hearing health care services 
worldwide, including in sub-Saharan Africa.

4.5. Ear-and-hearing health care 
in sub-Saharan Africa

The prevalence rate of disabling hearing loss globally is 6.12% (Mulwafu et al. 
2016). A systematic review of hearing loss in sub-Saharan Africa indicated 
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that the prevalence rate of hearing loss ranged from 7.7% in children and 
school-based studies to 17% for population-based studies (Mulwafu, Kuper & 
Ensink 2016). Given the ageing population and other illnesses such as HIV and 
tuberculosis, Mulwafu et al. (2016) asserted that the burden of hearing loss 
will likely increase dramatically in sub-Saharan Africa. 

Despite the growing demand for ear-and-hearing health care services in 
sub-Saharan Africa, access to these services is limited. A survey conducted 
in 22 sub-Saharan African countries provided evidence-based data on the 
availability of ear-and-hearing health care services in these countries 
(Mulwafu et al. 2017). The data indicate that across the sample, the ratio of 
otorhinolaryngologists to the population was 1:1.2 and 1:0.8 million for 
audiologists (Mulwafu et al. 2017). However, if the numbers of audiologists 
from Kenya, Sudan and South Africa are excluded, the numbers of 
audiologists become extremely low (Mulwafu et al. 2017). This practitioner-
to-population ratio negatively affects the coverage rate for ear-and-hearing 
health care services. 

To complicate matters further, the availability of relevant equipment and 
assistive devices to render these services is limited. Most countries included in 
Mulwafu et al.’s (2017) study (66%–87%) rated the availability of equipment as 
non-existent or poor. Respondents concurred that the lack of basic equipment 
is the most significant limitation in providing services (Mulwafu et al. 2017). 
Another study reported that, overall, in four sub-Saharan countries (South 
Africa, Namibia, Malawi and Sudan), the provision of assistive technology, 
such as hearing aids and rehabilitation services, was poor and fragmented 
(Visagie et al. 2017). 

No information was available on the accessibility, affordability, 
accommodation and acceptability of ear-and-hearing health care services in 
the sub-Saharan region. 

4.6. Ear-and-hearing health care services 
in South Africa: A rural perspective
4.6.1. Prevalence of hearing loss

In South Africa, an LMIC, hearing loss is the third-highest reported disability 
after visual impairment and physical disability (StatsSA 2012). The findings 
of two population-based surveys, one in an urban Western Cape metropolitan 
area (Cape Town) and one in the rural population in the Limpopo province, 
differ significantly. In Cape Town, the prevalence rate of disabling hearing 
loss was estimated to be 4.57% (Ramma & Sebothoma 2016), while in rural 
Limpopo, the estimated prevalence was 8.94% (Joubert & Botha 2019). The 
latter is significantly higher than the global prevalence rate of 6.12%, which is 
influenced by various factors. 
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 4.6.1.1. Associated factors
In both aforementioned communities, two factors – age and hypertension – 
were associated with hearing loss (Joubert & Botha 2019; Ramma & Sebothoma 
2016). The association between disabling hearing loss and advanced age is 
well-known (Joubert & Botha 2019; WHO 2018; Wilson et al. 2017). The 
projected global population growth and ageing will significantly increase the 
number of people affected by hearing loss. It is estimated that between 2015 
and 2050, the population will double and triple for those older than 
60-80-years-old, respectively (WHO 2018). Hearing loss in these age groups 
should also be considered beyond its auditory complications because of the 
association with fall risk (Lubetzky 2020), social isolation, cognitive impairment 
and depression (Jayakody et al. 2018). Despite the non-preventable nature of 
age-related hearing loss, early identification and appropriate management 
are essential to mitigate the impact on the overall well-being, interpersonal 
communication and QoL of these individuals (Joubert & Botha 2019).

As far as hypertension is concerned, cardiovascular disease, as an 
associated factor to hearing loss, was confirmed in a systematic review 
conducted by Rosenhall and Sundh (2006). Low-frequency hearing loss was 
reported in this population, especially in females. Findings from a South 
African study supported this association as 5% of individuals between 
40-55-years-old diagnosed with cardiovascular disease presented low-
frequency hearing loss (Solanki 2012).

In urban areas, a history of head and neck trauma and being male was 
reported as a significantly associated factor. In some areas of the Cape Town 
metropolitan area, such as Khayelitsha and Gugulethu, reports indicate a high 
rate of assault and violent crimes, and many young males are survivors of these 
crimes. (Nicol et al. 2014). Hearing loss following trauma to head and neck areas 
has been documented in the literature (Plaks, Khoza-Shangase & Joubert 2014; 
Ramma & Sebothoma 2016). On the other hand, a rural study showed more 
females than males with hearing loss, which may be due to the larger female 
population. In the rural population, the most notable causes of ear disease and 
hearing loss were impacted cerumen (10%) and OM (Joubert & Botha 2019).

The two population-based studies conducted were the first step in 
collecting data on ear diseases and hearing loss in South Africa. However, 
more high-quality population-based data are required to develop evidence-
based and contextually relevant strategies and policies on ear-and-hearing 
health care services in the country (WHO 2017b).

4.6.2. Access to ear-and-hearing health care 
services

In rural areas, as in the rest of South Africa, the public sector is the main 
health care service provider. In 2017, 82.21% of the South African population 
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was reportedly dependent on public health care services (StatsSA 2017). 
The 33.65% of the population who live in rural areas (World Bank 2019) 
mostly have access to only district hospitals, community health centres and 
PHC clinics. Poor, vulnerable and marginalised groups, such as individuals in 
rural communities, often suffer from conditions (such as ear and hearing 
disorders) that could have been prevented.

The next section discusses the current status of hearing health services 
and the challenges encountered in accessing hearing health care in the public 
sector in relation to the availability of services, the accommodative nature of 
these services, affordability of the services, accessibility of the services and 
how acceptable the available services are. 

4.6.3. Availability of hearing care in the public 
health care sector

Within the South African context, audiology services are provided by qualified, 
HPCSA-registered audiologists. Within the public health care sector, the first 
point of entry for hearing health services are PHC clinics, from where service 
users are referred to relevant hospitals based on their needs (Khan, Joseph & 
Adhikari 2018).

Audiology services at community health centres, if available, are limited to 
basic diagnostic assessment and management. At the district level hospital, 
audiology services typically comprise screening of patients at risk for hearing 
loss, as well as diagnostic hearing assessment and management of hearing 
difficulties. Referrals are made to regional and tertiary hospitals that offer 
more specialised health care services such as vestibular assessment and 
management, as well as hearing amplification requiring surgical intervention 
(e.g. bone-anchored hearing aids and cochlear implants). Comprehensive 
audiological services are mainly located at tertiary-level (central) and regional 
hospitals. However, this pathway of care, as described above, is hampered by 
the limited availability of audiological services, particularly in rural communities 
(Khan et al. 2018; Pillay et al. 2020).

 4.6.3.1. Range of hearing health care services
Despite the WHO recommendations that the primary and secondary 
prevention of deafness and hearing loss should be integrated at PHC level, 
audiology services are not typically available where the greatest need is or 
where the most significant impact can be made.

Regarding the primary prevention of hearing loss, there are positive 
initiatives at the PHC level to prevent deafness and hearing loss. One such 
initiative is the availability of EPI vaccines at all health care facilities included 
in the package of free health care services for women and children in 
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South  Africa (Davis 2019). The coverage rate for fully immunised below-1-
year-old children was reported at 82.3% in 2016/17, which was slightly lower 
than the 89.3% reported in 2014/15 (Burnett et al. 2019). This is positive as 
research has confirmed that immunisation remains the most cost-effective 
public health intervention (Davis 2019; SANDoH 2014).

Within the South African context, the first step toward the secondary 
prevention of hearing loss was taken in 2007. The HPCSA indicated that the 
systematic implementation and support of EHDI programmes in infants 
throughout South Africa should be prioritised (Theunissen & Swanepoel 2008). 
Disappointingly, the suggestion has not been implemented. A study conducted 
in the North West and Gauteng provinces of South Africa confirmed that no 
PHC clinics in these provinces offered formalised infant hearing screening 
programmes (Khoza-Shangase et al. 2017). In two other provinces, Western 
Cape and Limpopo, limited infant hearing screening services are available. In 
the Western Cape province, a systematic infant hearing screening programme 
was implemented at eight maternal and child health care clinics in the Cape 
metropolitan area (De Kock, Swanepoel & Hall 2016; Friderichs, Swanepoel & 
Hall 2012). In the Elias Motsoaledi local municipal area of the Limpopo province, 
infant hearing screening services are offered at three PHC clinics daily between 
07:00–13:00. The services, managed by an audiologist, are offered by 
appropriately trained and paid community members. The effectiveness of this 
rural infant hearing screening service was confirmed (Kgare 2018). A retrospective 
record review indicated an overall coverage rate of 87% and a referral rate of 7%, 
a reasonably good referral rate for the context. Asmail, Swanepoel and Eikelboom 
(2016) highlighted that as referral rates increase, larger numbers of follow-up 
diagnostic assessments are needed. During the record review period, the overall 
prevalence rate of significant hearing impairment was 0.4/1 000 with the 
prevalence rate of middle ear effusion at 7.8/1 000 (Kgare 2018).

At secondary- and tertiary-level hospitals in the North West and Gauteng 
provinces, targeted infant hearing screening programmes were the 
predominant approach to early identification of hearing loss (Khoza-Shangase 
et al. 2017). Although research has been conducted on the feasibility and 
efficacy of infant hearing screening programmes, this has not led to the 
implementation of full-fledged programmes in all instances (Kanji 2018). 
Limited information is available on the current status of infant hearing 
screening in the other provinces of South Africa.

 4.6.3.2. Staffing
Despite the proposed service pathways, audiologists and the required 
resources for the delivery of audiological health care services are not readily 
available to potential users at the different levels of care. This situation is not 
unique, as worldwide (62 countries surveyed) 86% indicated that they did not 
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have enough audiologists to meet community needs (Goulios & Patuzzi 2008). 
Similar findings were reported for the sub-Saharan African region (Mulwafu 
et al. 2017). In South Africa, the otorhinolaryngologist-to-population ratio (per 
100,000) was 0.46 and the ratio for audiologists was 0.827 in 2015 (Mulwafu 
et al. 2017). More recent figures indicate a decrease in the ratio for audiologists. 
The limited number of audiologists in South Africa was confirmed in a recent 
study by Pillay and colleagues (2020), which indicated an audiologist-to-
population ratio (per 10 000) as 0.57. However, as for all health care 
professionals in South Africa, comprehensive information on the number of 
practising audiologists is insufficient because of limited information in the 
HPCSA database. There is evidence that even though health care professionals 
no longer practise their profession or may have emigrated, many maintain 
their registration with the HPCSA and may therefore be miscounted as part of 
the available services (Rispel et al. 2018).

Updated and accurate information regarding the distribution of audiologists 
between the public and private health care sectors is difficult to obtain. One 
of the barriers is that sometimes numbers of speech therapists and audiologists 
are combined in reports, making it difficult to extrapolate the exact number of 
audiologists practising in different contexts. The total number of speech 
therapists and audiologists employed in the public health care sector nationally 
in April 2018 was reported as 712 (Day, Gray & Ndlovu 2018).

There is also no updated information regarding the distribution of 
health  care personnel between urban and rural areas. The distribution of 
personnel is aggravated by the (1) scarcity of posts for rehabilitation personnel 
in the public sector (Rispel et al. 2018) and (2) the lack of government funding 
for hearing health care (Goulios & Patuzzi 2008). The recruitment and retention 
of health care professionals in rural and underserved areas are global 
challenges that are well-documented in the literature (Eagar et al. 2013; 
SANDoH 2011).

To improve access to quality health care and increase the number of 
health care workers in South Africa, especially in previously underserved 
areas, the DoH introduced community service for newly qualified health care 
professionals in 2003 (DoH 2006). Although the one-year community 
service programme has significantly improved the availability of human 
resources in the public health sector, significant challenges exist that pose 
barriers to the delivery of health care services at the PHC level (Ned, Cloete 
& Mji 2017). Reported challenges include the inequitable distribution of 
resources (human and material), ineffective management, inaccessibility 
and lack of transport for professionals to render community-based services 
(Ned et al. 2017).

The preceding information confirms that with the changing profile and 
high prevalence of disabling hearing loss in South Africa, it is evident that 
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there is a severe shortage of audiologists to meet the increasing need for 
hearing health care services.

 4.6.3.3. Equipment
Audiologists require specialised equipment to render services. There is a dearth 
of information on the availability of audiological equipment in the South African 
public health care sector. A study conducted in 2014 determined the availability 
of audiological equipment for paediatric assessment and hearing aid fitting in 
the Gauteng province of South Africa (Teixeira & Joubert 2014). Although a 
wide range of equipment was available in public sector departments, their 
availability was not always appropriate for meeting the audiological needs of 
paediatric patients or was not accessible. In addition, the timely repair of 
equipment was reported as a significant challenge. This is disconcerting as the 
lack of functioning and well-maintained audiological equipment may affect the 
audiologists’ ability to provide appropriate, evidence-based audiological 
services. Moreover, the high staff turnover may result in the under-utilisation of 
equipment and delivery services that may not be appropriate or meet the 
patient’s audiological needs (Teixeira & Joubert 2014).

4.6.4. Accessibility of hearing health care services
The accessibility of hearing health care services relates to the physical distance 
or travel time to the service delivery point (e.g. PHC clinic and hospital). 
Hearing health care services in rural areas in South Africa are currently 
primarily available at district or regional hospitals that offer outreach services 
to primary health care clinics on a monthly basis. McIntyre and Ataguba (2017) 
found that the probability of using a health care service is far lower for 
individuals who are isolated from health care facilities. These authors report 
that individuals that live within 30 minutes of a clinic are 10 times more likely 
to make use of the facility than those having to travel for 90–120 minutes. 
Similar findings were reported by McLaren, Ardington and Leibbrandt (2014), 
who found that individuals who live 5 km from the nearest clinic are only half 
as likely to access treatment when compared with those who live next to the 
facility.

In a recent South African study, the positive and negative impact of 
accessibility on the effectiveness of NHS services offered at PHC level was 
identified (Kgare 2018). Most participants in the study indicated that the PHC 
clinic where the screening services are offered is easily accessible within 
walking distance. For participants not within walking distance of the clinic, the 
limited availability of public transport (buses and minibus taxis) was reported 
as a challenge. The lack of public transport accessibility in rural areas is well-
known (Jennings 2015). This evidence highlights the pressing need for the 
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provision of contextually relevant solutions to the public transport challenges 
in South Africa. It is suggested that wide-range planning for and implementation 
of an integrated transport system for individuals located in rural areas will 
increase accessibility to health care and other services (Mthimkhulu 2017).

4.6.5. Affordability of hearing health care services
Affordability of health care services is one of the main factors that either 
attracts or deters potential patients (Edusei & Amoah 2014), including hearing 
health services. Considerations include direct user fees, as well as related and 
opportunity costs.

Patients accessing public health facilities are classified into three main 
groups for service fee determination: free services, full-paying patients and 
subsidised patients. Services at PHC and community health care clinics are 
free for all users. At the hospital level, services are free for children under six-
years-old and the indigent, while being highly subsidised for the rest of 
the population. Service fees are tiered on a means-tested basis. While public 
facilities are allowed to charge fees, health care services are mainly provided 
for free at the point of service. The revenue collected from user fees is less 
than 1% of total public sector expenditure (Erasmus et al. 2016).

Although user fees are generally affordable, the related costs (such as 
transport costs and hearing aid batteries) often impact potential users’ 
willingness or ability to access hearing health care services. In South Africa, 
55.5% of the chronic poor live in rural and traditional areas (StatsSA 2019). With 
such a high level of poverty in rural areas, not all individuals presenting ear and 
hearing-related problems would have the means to pay the related costs.

Research indicates that the utilisation and maintenance of hearing aids 
fitted within the public sectors were poor (Sooful, Van Dijk & Avenant 
2009). The main influencing factor was the cost of accessing health 
services. The cost of travelling to and from the hospital, as well as paying 
for repairs and batteries, was reported by participants as significant barriers 
to the use and maintenance of hearing aids (Sooful et al. 2009).

4.6.6. Accommodative nature of hearing 
health care services

A variety of factors are related to the accommodative nature of hearing 
health  care services. The focus of this section is on two broad factors: 
(1)  operational aspects (such as hours of operation, appointment systems, 
waiting times, and waiting lists) and (2) considering the level of health care 
literacy of patients, as well as their awareness and knowledge of hearing 
health care services.
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 4.6.6.1. Operational aspects
The office hours at facilities where hearing health services are available are 
typically weekdays between 07:30–16:00. As the demand for services far 
exceeds the supply in relation to available services, there is generally a waiting 
time for appointments and provision of subsequent hearing aids. If there is a 
limited budget available for hearing aids, these waiting periods can be 
significant, e.g. more than 12 months (Sooful et al. 2009). Also, the current 
referral pathway (from PHC clinics to the various hospital levels) often results 
in long waiting periods and lists for services.

 4.6.6.2. Health literacy levels
Health literacy is defined as the degree to which patients have the capacity to 
obtain, process and understand the basic health care information and services 
to make suitable health care decisions (eds. Nielsen-Bohlman, Panzer & Kindig 
2004). Literacy is a vital component when accessing medical information 
(Joubert & Githinji 2014). Research has confirmed the association between 
low health literacy and poor health outcomes. Individuals with lower health 
literacy are ‘1.5–3 times more likely to have poor health outcomes when 
compared to individuals with higher health literacy’ (Protheroe, Nutbeam & 
Rowlands 2009, p. 721). 

A recent study conducted at four PHC clinics in South Africa found that 
only 17.6% of the participants had adequate health literacy (Marimwe & Dowse 
2019). Most patients may experience difficulty of understanding health care 
instructions and health education materials and may thus be less compliant 
with treatment. Adequate levels of health literacy would imply that individuals 
would be able to take responsibility for their own and their family’s health 
(Janse van Rensburg 2020). 

Information on hearing health care available to patients is not always 
appropriate. The quality and readability of pamphlets on hearing and hearing 
loss in children available at public health care facilities in the Gauteng province 
were reviewed by Joubert and Githinji (2014). Interestingly, it was found that 
although most patients were not first-language English-speakers, most 
pamphlets were only available in English. Additionally, the readability level of 
these pamphlets was at a sixth-grade level, rather than the recommended 
fourth-grade reading level (Joubert & Githinji 2014). 

  4.6.6.3. Awareness and knowledge of hearing 
health care services

Research conducted in a rural area of South Africa confirmed the general 
lack of awareness of the audiology profession despite the availability of 



Chapter 4

83

audiology services at the community and district and regional hospitals 
(Joubert, Sebothoma & Kgare 2017). The few individuals who were aware of 
the profession and services confirmed that information was obtained 
primarily from health care workers at the PHC clinics in the area. According 
to these findings, health workers conducting health care talks in hospitals 
and clinics are the primary sources of health-related information 
(Joubert et al. 2017). 

4.6.7. Acceptability of hearing health care services
Acceptability of hearing health care services is influenced by the professional 
values of service providers and patients’ expectations regarding linguistically 
and culturally appropriate services.

The HPCSA recently released guidelines for speech, language and hearing 
practice in a culturally and linguistically diverse South Africa (HPCSA 2019). 
These guidelines highlight the importance of, where possible, providing 
services in the home language of patients. Patients may feel more competent 
and empowered when conversing with hearing health care providers in their 
home language. It has also been found that when they receive health care in 
their home language and when culture is considered, health interventions are 
perceived to be more meaningful and effective (HPCSA 2019). Research on 
the utilisation and maintenance of hearing aids fitted in the public health 
sector in South Africa confirms this position. Sooful et al. (2009) found that 
the challenge of language presented complications for clients to fully 
understand all aspects covered by the audiologist during hearing aid fitting 
and orientation, especially within the public health care sector. The mismatch 
between the language utilised by audiologists and the clients they served had 
a significant impact on treatment adherence (Sooful et al. 2009).

The multilingual nature of South Africa with its 11 official languages 
complicates the provision of culturally and linguistic appropriate services, as 
it is nearly impossible for hearing health care providers to communicate with 
all patients in their preferred language effectively. However, there has been a 
significant progress towards receiving hearing health care in the language of 
choice (Moonsamy et al. 2017). The breakdown by population group indicates 
that in 2018, most of the speech therapists and audiologists employed in the 
public health care sector were African (41.72%), followed by Whites (31.75%), 
Indians (18.25%) and Coloureds (8.28%) (Day et al. 2018). Although 
encouraging, these numbers are not yet reflective of the South African 
demographic profile and transformation of the profession should remain a 
priority for training institutions. In order to mitigate these challenges, 
audiologists should be competent in the languages most frequently spoken in 
the community where they are employed. If this is not feasible, properly 
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trained hearing screeners (recruited from the community) and trained 
interpreters should be employed.

4.7. Summary
The most noteworthy challenges regarding access to hearing health services 
in the rural areas of South Africa are related to:

 • Availability of hearing health services: The negligible availability of the full 
range of hearing health services across all levels of care in the public health 
care sector remains a concern. The main focus of service provision on the 
tertiary prevention of hearing loss precludes the implementation of 
comprehensive primary and secondary prevention programmes (such as 
screening for all age groups) within easy reach of the community. The 
limited number of audiologists employed in the public sector (specifically 
in rural areas) hampers the implementation of the full range of services. 
The implementation of services is further hampered by the reported lack of 
functioning and well-maintained audiological equipment.

 • Accessibility of hearing health services: As hearing health services are 
currently based at district or regional hospitals, the physical location in 
terms of distance hampers the ability of users to access services easily. This 
is mainly because of the travel distance, travel time and the limited 
availability of public transport in rural areas. 

 • Affordability of hearing health services: With the high levels of 
unemployment and poverty in rural areas of South Africa, most individuals 
would not have the financial means to pay the related costs (such as 
transport, hearing aid batteries and repairs) to gain access to hearing 
health services.

 • Accommodative nature of hearing health services: The current referral 
pathway for hearing care services often leads to long waiting times and 
lists for services, particularly because the demand for services exceeds the 
supply. When services are offered, low literacy levels of patients on health 
negatively impact compliance, which thus results in poor hearing health 
outcomes (such as poor utilisation and maintenance of hearing aids).

 • Acceptability of hearing health services: Despite the significant 
improvement in the representativeness of hearing health care professionals 
in terms of the South African population’s demographic profile, more can 
be done to ensure that patients receive culturally and linguistically relevant 
hearing health services.

The most significant challenge, however, remains the availability of hearing 
health services within easily reachable distance for patients. Without these 
services, the goal of achieving UHC by 2030 will not be realised.
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4.8. Solutions and recommendations
The prevention of deafness and hearing loss is non-negotiable even in 
countries where governments lack the capacity to effectively implement 
these strategies. In comparison with other countries in sub-Saharan Africa, 
South Africa has the potential to expand hearing health services to even the 
most marginalised communities. The NHI bill launched in 2019 recognises that 
health is a public good, and if hearing health services are implemented 
according to the WHO’s resolution WHA 70.13, all people in South Africa 
would be able to access quality hearing health services. South Africa, however, 
faces significant challenges that must be overcome before universal hearing 
care becomes a reality. 

In this section, solutions to the identified challenges to hearing care in rural 
South Africa are provided, and recommendations for the realisation thereof 
are outlined.

4.8.1. Community-based service model for the 
prevention of hearing loss: A South African 
approach

The establishment of a community-based service model could be important 
for the successful implementation of a national strategy to prevent and treat 
hearing loss (Liu et al. 2019). This service model should be aligned with the 
prevention strategies proposed by Olusanya and colleagues (2014) and the 
WHO (2018) and be integrated within the framework of the PHC system (WHO 
2017a) and NHI. In South Africa, PHC is delivered through the district health 
system, a relatively self-contained segment of the national health system 
(WHO 2007). A district typically comprises a well-defined population who 
live within a delineated administrative and geographical area. All institutions 
and individuals providing health care in the district (governmental, social 
security, non-governmental, private or traditional) are included (WHO 2007).

The notion of community-based audiology as a service delivery model in 
South Africa is not new. In 1997, it was recognised that the use of institution-
based models of service delivery has proved to be ineffective in reaching the 
significant proportion of the South African population who live in rural 
communities far from clinics and hospitals (Swanepoel 2006; Uys & Hugo 
1997). Uys and Hugo (1997, p. 24) highlighted the ‘dire need to bring the 
services to the clients, instead of bringing the clients to the service’. 

The most noteworthy benefit of a community-based service is access to 
hearing health care. In the preceding discussions, the availability, accessibility 
and affordability of hearing health care were identified as significant challenges 
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to universal hearing care in South Africa. Without adequate numbers of 
competent hearing health workers to implement comprehensive programmes 
to prevent deafness and hearing loss, it is time to consider other alternatives. 
One of the most appropriate approaches would be to shift tasks to other 
cadres of health workers, such as CHWs. ‘Community health worker’ is an 
overarching term for ‘laypeople working within their own community in a 
health promotion, prevention and delivery role’ (O’Donovan et al. 2019, p. 2). 
The WHO (2008) supported task-shifting, made global recommendations 
and provided guidelines for the rational redistribution of tasks. In order to 
make more efficient use of the available human resources, specific tasks, 
where appropriate, are moved from highly qualified health workers to health 
workers with shorter training and fewer qualifications (WHO 2008). Overall, 
the evidence suggests that CHWs are key to increasing the availability of and 
access to basic health services in rural or hard-to-reach areas and, consequently, 
bridge the health equity gap (Olaniran et al. 2017) and improve health 
outcomes (Assegaai & Schneider 2019). Chapter 2 in this book also carefully 
deliberates on task-shifting within the tele-audiology service delivery model 
to address the capacity versus demand challenge imperative in South Africa. 

A systematic review of the role of CHWs in addressing the global burden of 
ear disease and hearing loss confirmed that this cadre of health workers has 
the potential to improve access to ear and hearing services for people in 
remote and underserved areas (O’Donovan et al. 2019). The roles of CHWs in 
ear disorders and hearing loss included screening, diagnosis and basic 
treatment of ear diseases. A recent study conducted in South Africa supported 
this notion, as it confirmed that CHWs can successfully be trained to screen 
for hearing loss using mHealth technology in vulnerable communities with 
limited access to hearing health care (Van Wyk, Mahomed-Asmail & Swanepoel 
2019). The HPCSA (2018a, 2018b) supported the use of appropriately trained 
CHWs as screeners in school health and EHDI programmes, with programme 
planning and management by audiologists.

4.8.2. Proposed community-based service model 
for the prevention of deafness and hearing loss

The model for community-based audiology services for the prevention of 
disabling hearing loss is presented in this section. The model outlines the 
types of prevention activities, location, target population, as well as the 
proposed resources and staffing requirements for each of the activities 
(Table 4.1).

As shown in Figure 4.3, an overview of where hearing health services should 
be situated within each district is provided.
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TABLE 4.1: Services, target population, staffing and resources requirements for community-based audiology 
services.

Services Location Target 
population

Staffing requirements Resources required

Diagnostic 
audiology 
services and 
management 
of hearing 
disorders 

Central 
(district 
hospital or 
community 
health 
centre)

All ages • 1 × programme 
manager

• 1 × audiologist for 
every 3 PHC clinics 

• 1 × screener or 
administrator

• Relevant equipment for 
diagnostic assessments and 
management of hearing loss 
(including but not limited 
to otoscopy, immittance 
measures, pure-tone audiometry, 
visual response audiometry, 
otoacoustic emissions and 
auditory brainstem response, 
real-ear measures for verification 
of hearing aid fittings, cerumen 
management equipment)

• Hearing amplification devices

• Transport

• Mobile audiology unit for 
outreach to various sites in the 
community

• Hearing health education material

Infant hearing 
screening 

Primary 
health care 
clinic

Infants  
(0–6 weeks)

1 × dedicated screener 
per site

• Automated auditory brainstem 
response (e.g. Maico MB 11)

• Hearing health education material

Adult hearing 
screening

Primary 
health care 
clinic

Adults ≥ 18 
years (focus 
on at-risk 
groups1)

1 × dedicated screener 
per site (can be same 
screener who conducts 
infant hearing screening)

• Screening equipment (otoscope, 
immittance measures, screening 
audiometer) and cerumen 
management equipment

• Hearing health education material

School-based 
screening

ECD centres 
and primary 
schools

Children 
(3–15 years)

2 × screeners per team 
(number of teams 
are dependent on the 
number of schools in the 
district)

• Screening equipment (otoscope, 
immittance measures, screening 
audiometer) and cerumen 
management equipment

• Transport

• Hearing health education material

Community-
based screening 
and health 
education

Community 
events2 

All ages The team should 
constitute audiologists 
and screeners from the 
various sites

• Screening equipment (otoscope, 
immittance measures, screening 
audiometer) and cerumen 
management equipment

• Transport

• Hearing health education material

Health 
education and 
counselling

All sites and 
community-
based 
events

Health care 
workers and 
public

All staff allocated 
at different sites 
(audiologists and 
screeners)

• Contextually- and linguistically 
appropriate health education 
material

Key: ECD, early childhood development; PHC, primary health care.

2. The elderly, individuals on chronic medication (e.g. diabetes, hypertension and HIV), and individuals exposed 
to occupational and recreational noise.

3. Examples include pension pay points, church events, community meetings and other events.
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It is proposed that audiologists should be based at either district hospitals or 
community health centres. The location should be based on the population 
size within the district to ensure that diagnostic and rehabilitative audiology 
services are available within an easily reachable distance for the majority of 
the population. The number of audiologists based here would be dependent 
on the number of PHC clinics in the districts. Numbers should be adequate so 
that diagnostic and rehabilitation services at the central site can continue, and 
community-based services offered by screeners are well supervised and 
supported by the programme manager and or audiologist. 

4.8.3. Roles of different hearing health care staff
The role of the audiologist in this community-based service model is wide-
ranging and includes the following:

 • To develop, monitor and evaluate all the prevention activities within the 
community, that is primary, secondary and tertiary prevention. 

 • To render contextually relevant audiological services, which include the 
assessment, diagnosis and treatment of hearing disorders.

 • To train, monitor, support and supervise the activities of hearing screeners 
across the different sites (PHC clinics, primary schools and ECD centres, 
and community events).

 • To ensure that all patient information pamphlets are appropriate, of good 
quality, meet the standards in terms of readability, and are linguistically and 
culturally appropriate.

Tertiary hospital

Regional/district
 hospital or community 

health care centre

PHC clinic A

Community
events

Community
 events

Community
events

Primary
schools

and ECD
centers

Primary
schools

and ECD
centers

Primary
schools

and ECD
centers

Primary
schools

and ECD
centers

Community
 events

PHC clinic B PHC clinic C PHC clinic D

Key: PHC, primary health care; ECD, early childhood development.

FIGURE 4.3: Overview of the location of hearing health care services.
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The role of the hearing screeners is to implement the screening programmes 
under the guidance and supervision of an audiologist and educate the 
community on hearing and the prevention of ear and hearing disorders. 

4.8.4. Recommendations
Various strategies can be adopted for the implementation of successful 
proposed community-based services in rural areas. It is important to:

 • Conduct a situation analysis and needs assessment to obtain comprehensive 
information on the demography, epidemiology, current health status, and 
potential future health issues and their determinants of the population 
(WHO 2020c). The analysis should also include an assessment of the 
hearing health systems’ resources (human, physical, financial, informational) 
and performance, as well as the gaps (resource and performance) in 
responding to needs and expectations (WHO 2020c). Current, high-quality 
and contextually specific hearing health data are essential to achieve this 
(Glenister et al. 2018; WHO 2017a). 

 • Obtain permission for the services from all the relevant authorities. At the 
local level, depending on the community, permission must be obtained 
from the tribal authorities (i.e. village elders and chiefs) or relevant 
community structures. An important step in obtaining permission is to 
carefully consider the process of community entry. The success or failure of 
community-based services will largely depend on the support from 
important community stakeholders. 

 • Support for the service, specifically financial support for training, staff and 
equipment, should also be garnered from the relevant government 
departments (i.e. Departments of Health and Education) within the district.

 • Educate the community and other relevant stakeholders on the importance 
of ear and hearing health, the risk factors for hearing loss in their community, 
as well as the identification of potential ear and hearing problems. ear-and-
hearing health care education should be multifaceted and can be presented 
in spoken, written, pictographic and video formats. Regardless of the 
format, plain language (i.e. no jargon) must be used to present contextually 
relevant information in language that most community members understand 
for more guidelines on printed health information material. Examples of 
activities include health talks (at clinics, schools, pension pay points, and 
community events), talk shows on local and community radio stations, and 
distribution of health information material (e.g. pamphlets, posters 
and videos) at clinics, schools, community halls and local shops, and social 
media platforms. Refer to guidelines for the development of health 
information materials developed by Joubert and Githinji (2014), with 
specific reference to the readability level and structure of printed 
health information materials.
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 • Explore public-private partnerships to fund services if government-funded 
services are not available. There is evidence that such partnerships are 
successful in existing infant hearing screening services at PHC clinics in the 
Limpopo province (Kgare 2018). In that programme, equipment and staff 
were funded by a non-governmental organisation, while the PHC facilities 
were used as a base for infant and adult hearing screening.

 • Train grassroots-level screeners (preferably recruited from the communities 
where the services are rendered) in the prevention and early identification 
of common ear diseases and hearing loss across the lifespan. From this 
cadre, screeners should ideally be dedicated to specific screening 
programmes (De Kock et al. 2016). The Primary Ear and Hearing Care 
Training Resources: Basic and intermediate levels developed by the WHO 
(2006) are useful educational resources. 

 • Integrate services into the school health programme as outlined in the 
Integrated School Health Policy (Departments of Health and Basic 
Education 2012). The HPCSA guidelines on hearing screening in school 
should also be used as a guide for services (HPCSA 2018a).

 • Appoint audiologists as the programme managers. The role of the 
programme manager is to coordinate services, provide ongoing support 
and training of screeners, and monitor the quality of the services provided.

 • Consider the use of a mobile audiology unit or tele-audiology to further 
increase the availability and accessibility of hearing health services. 
Diagnostic hearing assessments and hearing aid fittings can thus be 
successfully conducted in the community. The establishment of tele-
audiology hubs, at, for instance, district-level hospitals will provide each 
community access to a hearing health care provider. This service will 
minimise barriers to access and increase efficiency (Coco, Champlin & 
Eikelboom 2006). Examples of successful tele-audiology endeavours are 
those reported by Coco et al. (2006), Ramkumar et al. (2018), Ratanji-
Vanmala, Swanepoel & Laplante-Lévesque (2020) and Van Wyk et al. 
(2019). The most important consideration for the establishment of 
community-based audiology services is that it is not a one-size-fits-all 
approach. The staff structure, services offered and training of screeners 
should be adapted to suit the needs of each specific community 
(Coco et al. 2006; O’Donovan et al. 2019; Ramkumar et al. 2018).

4.8.5. Challenges
However, the establishment of community-based audiology services is not 
without challenges. Although there are limited research studies available on 
the challenges experienced in setting up and maintaining sustainable 
community-based services, the following issues were identified:

 • District health structures: The current district and sub-district health 
structures in South Africa find it difficult to provide adequate health 
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services (Nxumalo, Goudge & Liz Thomas 2013) but with political will and 
adequate investment in the capacity building of staff (i.e. training and 
employment of dedicated hearing screeners from the community) 
and resource development (i.e. procurement of audiological equipment), it 
would be possible to establish community-based audiology services.

 • Selection of screeners: The selection of screeners for a community-based 
audiology service must be transparent because, in rural communities, the 
selection of this cadre can be influenced by the power structures within the 
community (Saprii et al. 2015).

 • Inadequate monetary incentives for screeners: The monetary incentive 
that screeners receive for their services shapes their experiences, 
performance and relationship with the community (Saprii et al. 2015). If 
this  is perceived as inadequate or not market-related (for each specific 
context), screeners will become demotivated.

 • Staff turnover: High staff turnover has been reported in the ear-and-
hearing health care programmes situated in isolated rural locations, such 
as services for the Inuit population in Canada (Billard 2014). This not only 
compromises the capacity to build relationships with all stakeholders in the 
community but also has implications for the continuity of services and 
added costs for the training and orientation of staff (Billard 2014).

4.9. Conclusion
In this chapter, the right of people who live in rural communities to access ear-
and-hearing health care services was discussed. Health care access was defined, 
and the five key dimensions that should be considered when determining 
access were outlined. These dimensions included the availability, accessibility, 
affordability, accommodative nature and acceptability of services. An overview 
of the South African health care system and related policies were presented as 
the background to hearing health care services in South Africa. The importance 
of the prevention of deafness and hearing loss and the proposed implementation 
strategies set the scene for the contextualisation of hearing health care services 
currently available and offered in rural South Africa. Based on the identified 
challenges, specifically in relation to the availability, accessibility and affordability 
of services, solutions and recommendations were made for the implementation 
of a community-based service model for audiology in South Africa.

The community-based service model is designed to prioritise the prevention 
of ear and hearing disorders. An important component would also be the 
promotion of hearing health services to increase public awareness, as well as 
the prevention, treatment and management of ear disease and hearing loss. 
This can only be achieved by offering services that are (1) person-centred in 
their approach, (2) responsive to patient needs, (3) able to adapt to the 
constantly changing hearing health needs, (4) accountable and (5) 
collaborative in nature.
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5.1. Introduction
Globally, the incidence of middle ear pathologies is persistently high (WHO 
2018), with LMICs presenting more cases because of multiple risk factors that 
exist in these regions. Research studies suggest that middle ear pathology is 
one of the biggest contributors to acquired hearing loss (Mulwafu et al. 2017a). 
Within the South African context, early identification of middle ear pathologies 
can prevent myriad complications and enhance the QoL for the sufferer, 
consequently reducing the costs associated with treating chronic middle 
ear pathologies. Traditional audiological service delivery models seem unable 
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to identify signs and symptoms early enough to benefit from preventive 
health care strategies, regardless of the level of prevention. The key reason 
why these traditional models of service delivery do not seem to yield significant 
positive preventive outcomes within the South African context is that these 
models function in ‘silos’ within limited resource contexts, outside of 
contextually conceived health care programmes that are burden-of-disease 
and priority-list driven (Khoza-Shangase & Riva 2021). Service delivery models 
that are naïve of context and that ignore contextual realities are bound to 
yield less positive and unsustainable outcomes. 

The SANDoH provides primary health care services by adopting a 
programmatic approach within the re-engineered primary health care model. 
Such a programmatic approach includes health care programmes such as:

 • a school health care programme
 • the prevention of mother-to-child transmission of HIV
 • a child immunisation programme
 • Integrated Management of Childhood Illness
 • Maternal, Child and Women’s Health and Nutrition
 • HIV awareness
 • ward-based primary health  care outreach (Fick 2017; Kanji & Khoza-

Shangase 2021; Khoza-Shangase & Kanji 2021; King, Mhlanga & De Pinho 
2006)

 • the First 1 000 days programme, TB programmes, MomConnect and other 
such initiatives (Barron et al. 2016; English et al. 2017; Okeyo, Lehmann & 
Schneider 2021).

The other South African departments also have similar programmes that are 
relevant to preventive audiology, such as the Striving for Zero Harm Programme 
under the Department of Labour (Moroe 2020). The literature indicates that 
some of these health care programmes use paraprofessionals such as CHWs 
to promote health care in underserved areas (Schneider et al. 2018). Most of 
these health care programmes tap into populations with an increased risk of 
middle ear pathologies, such as young children, people living with HIV and 
others. Including preventive health care strategies for ear diseases and hearing 
loss within such programmes, not only is it cost-effective, but it also 
ensure sustainability as they become part of the government-mandated 
programmes with budgeting support and political will behind them.

For the South African audiology community to achieve early detection and 
intervention outcomes within preventive audiology at all levels of prevention, this 
programmatic approach to service delivery needs careful consideration by 
policymakers and training institutions in their curricula. This approach may 
provide an alternative way to prevent middle ear pathologies by enabling wider 
coverage of cases which would not ordinarily be seen under traditional 
approaches, including those who are at a greater risk of developing middle ear 
pathologies across the lifespan. Existing programmes incorporating the current 
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technologies (e.g. asynchronous tele-audiology) and sensitive assessment 
measures may improve early identification of middle ear pathologies and increase 
access and coverage. The focus of this chapter is an ear care model that includes 
task-shifting and telepractice as a human resource strategy, where limited 
numbers of audiologists and otorhinolaryngologists exist (Mulwafu et al. 2017b). 

Middle ear pathologies reportedly affected approximately 700 million 
people globally in 2018, most of them residing in LMICs (WHO 2018). Evidence 
from South African studies indicates a high prevalence of middle ear pathologies 
in both children and adults (Biagio et al. 2013, 2014; Phanguphangu 2017). In a 
study comprising 140 children aged 2–16 years, Biagio et al. (2014) found a 
prevalence rate of middle ear pathologies to be 16.5%, with CSOM being the 
most common type of OM in their sample. In a study conducted in 11 primary 
schools in the rural Limpopo province, Phanguphangu (2017) found a higher 
prevalence rate (61%) of middle ear pathologies. Several other studies conducted 
among adult populations within the same South African context confirmed this 
high prevalence of middle ear pathologies (Joubert & Botha 2019; Ramma & 
Sebothoma 2016). It is important to be cautious when interpreting some of 
these prevalence values as it is possible that where air-bone gap presence in 
pure-tone audiometry was used to diagnose middle ear pathology in the 
absence of a complete test battery, the presence of impacted wax and foreign 
bodies in the ear could have been a confounding variable.

The primary reason for the apparent surge in these pathologies seems to 
be linked to physiological changes resulting from an incapacitated immune 
system (Biagio et al. 2014; Khoza-Shangase 2010; Khoza-Shangase & Turnbull 
2009; Thobejane & Ntuli-Ngcobo 2014), as well as non-physiological causes, 
which may be self-induced (Joubert, Sebothoma & Kgare 2017). Among the 
physiological causes, HIV remains one of the greatest risk factors for middle 
ear pathologies (Khoza & Ross 2002; Khoza-Shangase & Anastasiou 2020; 
Sanjar, Queiroz & Miziara 2011; Sebothoma & Khoza-Shangase 2018; Thobejane 
& Ntuli-Ngcobo 2014; Van der Westhuizen et al. 2013). In a systematic review 
of middle ear pathologies in adults with HIV, Sebothoma and Khoza-Shangase 
(2020) found that the prevalence rate of middle ear pathologies can be as 
high as 50% in this group. In a retrospective record review of 100 paediatric 
patients living with HIV in South Africa, Khoza-Shangase and Anastasiou 
(2020) found a prevalence rate of middle ear pathologies to be as high as 
30% in their group. Peter et al. (2020) also found conductive hearing loss 
(CHL) to be the most frequent type of hearing loss among school-aged 
children living with HIV in another South African study. Overall higher 
frequency and severity of otorhinolaryngology findings among HIV-positive 
children when compared with HIV-negative children have been well-
documented, with Taipale et al. (2011), for example, finding CSOM (26% vs. 
3.8%), dry tympanic membrane perforations (9% vs. 1%) and earlier otorrhea 
episodes (34% vs. 17%) when exploring otorhinolaryngological manifestations 
in HIV-positive and HIV-negative children in a developing country.
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While the association between HIV and middle ear pathologies is clear in the 
literature, there is a significant difference between rates of middle ear 
pathologies in studies. Sebothoma and Khoza-Shangase (2020) suggested 
that this variation in prevalence rates reported may be because of the different 
measures used to identify middle ear pathologies (e.g. pure-tone audiometry 
vs. tympanometry), criteria used to determine normal versus abnormal, as well 
as the different sample sizes in all the studies. Furthermore, the time period 
from which the studies were conducted also appears to have an influence on 
the prevalence rates. For example, studies that were conducted prior to the 
mandatory treatment of HIV regardless of the CD4 cell number (e.g. Van der 
Westhuizen et al. 2013) found a higher prevalence of middle ear pathologies 
than those that were conducted when highly active antiretroviral treatment 
had become an increasing norm (e.g. Sebothoma & Khoza-Shangase 2018). 

As far as middle ear pathologies are concerned, which are caused by non-
physiological conditions that are primarily self-induced, studies show local 
occurrences across the lifespan. Joubert et al. (2017) found that people in 
rural South Africa use methods such as pouring different oils into their ears or 
using matchsticks to scratch them when itching or cleaning them. In another 
South African study conducted in one of the local universities, Khan, Thaver 
and Govender (2017) found that almost every student interviewed was 
engaging in self-ear cleaning, with a majority of them (79.6%) using cotton 
buds. These ear care practices have been shown to cause ear-related injuries 
(Olajide et al. 2019), which may include tympanic membrane perforations 
(Khan et al. 2017). 

It is unfavourable that the occurrence of middle ear pathologies can be 
linked to the burden of diseases, such as HIV (Sebothoma & Khoza-Shangase 
2020; Thobejane & Ntuli-Ngcobo 2014; Torre III et al. 2016), which is already a 
significant health challenge in LMICs like South Africa. According to Khoza-
Shangase (2020a) and Swanepoel (2006), HIV has also produced an 
overwhelming burden and an exceptional challenge to ear-and-hearing health 
care delivery in South Africa. With the current statistics indicating that HIV 
affects approximately 14% of the population (StatsSA 2019), and with the 
general lack of knowledge around ear-and-hearing health care that stems 
from high levels of illiteracy and limited awareness of ear and hearing 
professionals (Joubert et al. 2017), increased efforts are required to ensure 
universal access to ear health care. Although measures are in place to limit the 
spread of HIV (Joint United Nations Programme on HIV/AIDS [UNAIDS] 2019), 
evidence of new annual infections exists, increasing the burden of the disease 
further. When examining the progress of South Africa in meeting the 2030 
UNAIDS 90-90-90 targets, current data reflecting the status at the end of 
2018 indicate that 90% of those living with HIV knew their status, 62% were on 
treatment (63% in the paediatric population) and only 54% were virally 
suppressed (UNAIDS 2019). The 2030 targets state that 90% of those living 
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with HIV should know their status, 90% be on treatment, and 90% on treatment 
be virally suppressed (UNAIDS 2014). Given these factors, there is clearly a 
need for a model of health care service provision that can allow for increased 
access to identifying early signs of middle ear pathologies in the general 
population and not just those self-reporting. This need is particularly high 
because of the impact associated with these pathologies on the individual 
affected and on the already pressurised health care system. 

Despite the efficacy of current treatments for middle ear pathologies 
(Vouloumanou et al. 2009), late identification or untreated middle ear 
pathologies may become chronic (Ibekwe & Nwaorgu 2011), making these 
conditions challenging and costlier to treat. Further delay in middle ear 
pathology treatment may cause permanent hearing loss (Kolo et al. 2012), 
auditory processing difficulties and life-threatening conditions (Sharma et al. 
2015). The WHO (2018) also estimated that approximately 50% of individuals 
with untreated acute otitis media (AOM) will develop CSOM, which places 
them at a higher risk of permanent hearing loss (Avnstorp et al. 2016). 
Olusanya, Okolo and Adeosun (2004) found middle ear pathologies to be the 
greatest risk of hearing loss in school-aged children. The impact of these 
middle ear pathology complications can have far-reaching consequences and 
ultimately reduce the QoL of the affected individual (Anderson et al. 2013; 
Govender et al. 2014; Khoza-Shangase & Riva 2021). Balbani and Montovani 
(2003) reviewed the literature on children diagnosed with OM and found that 
these children perceive distorted sound stimuli, which leads to phonetic errors. 
Haapala et al. (2014) found that children with recurrent OM aged 22–26-months 
show poor discrimination of small phonetic features. 

Sufficient evidence on disease-related factors such as hearing status and 
the presence of cholesteatoma, history of otological surgery, occurrence of 
complications, laterality, duration and activity of the disease (Choi et al. 2012) 
call for careful considerations of health care service delivery models within 
resource-constrained contexts to achieve positive preventive outcomes.

5.2. Current health care service provision for 
middle ear pathologies

Health care professionals whose primary responsibilities involve the 
identification and management of middle ear pathologies include ear and 
hearing professionals, such as audiologists, general practitioners and 
otorhinolaryngologists (HPCSA 2011). Although audiologists and general 
practitioners are often the first point of contact for patients experiencing ear 
and hearing-related symptoms, depending on the location of patients, these 
professionals often refer patients who require medical or surgical management 
to otorhinolaryngologists, particularly where these conditions have progressed 
to the advanced stage (Kreisman, Smart & John 2015).
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Audiologists use different test measures to identify middle ear pathologies in 
this context. These measures include otoscopy, acoustic immittance measures 
such as tympanometry conducted in diagnostic audiological clinics and 
hearing screening programmes (Bezuidenhout et al. 2018; Kanji & Khoza-
Shangase 2018; Khoza-Shangase & Harbinson 2015; Mahomed-Asmail, 
Swanepoel & Eikelboom 2016; Martin & Clark 2019; Petrocchi-Bartal & 
Khoza-Shangase 2014; Phanguphangu 2017; Ramma & Sebothoma 2016; 
Sebothoma & Khoza-Shangase 2021). In newborn and infant hearing screening 
programmes, middle ear function is evaluated through acoustic immittance 
measures that are mainly only used when there is a refer finding during the 
initial screening (HPCSA 2018; Kanji & Khoza-Shangase 2018). 

It is worth noting that measures used to assess middle ear pathologies are 
not used in isolation but rather are always embedded within the audiological 
test battery (Martin & Clark 2019). For example, a survey on acoustic immittance 
practices in South Africa indicated that approximately 70% of audiologists 
include tympanometry as part of the standard audiological test battery in 
their practices (Sebothoma & Khoza-Shangase 2021). Similar surveys 
conducted in the United States have also indicated that acoustic immittance 
measures are included in the audiological test battery (Emanuel, Henson & 
Knapp 2012; MacDonald & Green 2001). The utility of tympanometry in 
screening programmes within the South African context has also been well-
documented (Khoza-Shangase & Anastasiou 2020; Khoza-Shangase & Turnbull 
2009; Mahomed-Asmail et al. 2016; Ramma & Sebothoma 2016). 

While evidence indicates that middle ear assessments form part of the 
standard audiological test battery in the majority of audiology practices within 
the South African context, this occurs within a health care service delivery 
model that the authors of this chapter believe is not efficient nor comprehensive 
to successfully achieve preventive outcomes for middle ear pathologies within 
this context. This current model of health care service provision only 
accommodates patients who are already attending diagnostic clinics and 
those identified through audiology-specific hearing screening programmes 
(Mahomed-Asmail et al. 2016), as well as those enrolled in ototoxicity monitoring 
programmes (Khoza-Shangase & Masondo 2020). Those without hearing or 
ear-related symptoms are neglected (Ramma & Sebothoma 2017) until they 
become severe enough to seek health care services once their symptoms 
become significant. Those not in schools where screenings can occur may not 
be screened until their middle ear symptoms are severe enough to warrant a 
consultation, thus unaccounted for in preventive treatment.

The ineffectiveness of the current health care service provision model is 
also evident in other sectors, such as in occupational settings like mines. 
Despite the audiological services included in HCPs in mines, middle ear 
function is also not regularly assessed as part of the hearing assessments 
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(Sebothoma 2020). Although it is not clear why middle ear assessment is 
largely ignored in sectors such as mines, except perhaps for cost implications, 
Moroe and Khoza-Shangase (2018) highlighted that limited involvement of 
audiologists in HCPs could be one of the key explanations for gaps found in 
ear-and-hearing health care in this population.

Khoza-Shangase and Moroe (2020) asserted that the availability of 
resources, in any context, is critical to a profession’s ability to fulfil its 
functions and mandate. Within the South African context, the reason for the 
significant challenges around resource availability is the lack of human 
resources in audiological health care services, which is a national crisis. 
Khoza-Shangase (2019) painted a worse capacity versus demand challenge 
for the South African public health care sector when compared with the 
privately funded private health care sector: a sector that must provide 
services to approximately 80% of the South African population. Because of 
the limited numbers of audiologists nationally, significant gaps in health care 
service provision in less popular contexts, such as occupational audiology 
contexts, exist (Khoza-Shangase & Moroe 2020; Pillay et al. 2020). By 
February 2019, HPCSA registration records indicated that there were a mere 
1589 speech therapists and audiologists, 642 audiologists and 157 hearing 
aid acousticians to provide health care services to a population of over 
55 million, servicing both the public and private health care sectors (Khoza-
Shangase & Moroe 2020). These numbers of registered practitioners clearly 
illustrate the human resources challenge in the provision of ear-and-hearing 
health care services in South Africa (Pillay et al. 2020), with recognisable 
implications for the implementation and monitoring of any preventive 
audiology initiative. This highlights the importance of exploring other health 
care service delivery models within the South African context.

Surveys conducted in sub-Saharan countries have indicated that there is 
an extreme shortage of audiologists and otorhinolaryngologists in these 
regions and that these numbers do not seem to be increasing with the 
increasing burden of disease (Fagan & Jacobs 2009; Mulwafu et al. 2017b; 
Pillay et al. 2020). In South Africa, these professionals, where available, are 
found in health care centres in large cities and private practices. Consequently, 
a large portion of South Africans are unable to access health care. Indeed they 
do not reflect the circumstances in SHPs, rural areas, or townships (Fagan & 
Jacobs 2009). According to a survey conducted in a South African municipality 
in the Limpopo province, over 80% of the population did not know that health 
care professionals like audiologists could assist them (Joubert et al. 2017). 
Consequently, people with middle ear-related symptoms who may want to 
seek help may be prohibited by the costs of travelling to the clinic where 
these professionals are located, over and above the health care access costs, 
as well as the awareness of the existence of the help they require.
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5.3. Technology within the current model 
of ear-and-hearing health care

Technology is currently the topic of scholarly interest and offers promise to 
address the current challenges facing the provision of health care services to 
underserved communities (Khoza-Shangase & Moroe 2020; Swanepoel 2015), 
and this has become amplified by the COVID-19 pandemic. In audiology, 
research continues to examine whether technological advancements can 
address the inequality of health care service provision created by the apartheid 
regime (Mayosi & Benatar 2014). Khoza-Shangase and Moroe (2020) strongly 
encouraged increased efforts towards the use of tele-audiology within the 
South African context to mitigate the capacity versus demand challenges 
and, most recently, to continue the provision of essential ear-and-hearing 
health care services during the COVID-19 pandemic (Khoza-Shangase, Moroe 
& Neille 2021a). Because tele-audiology offers promise to increase access to 
health care in resource-constrained contexts, these authors believe that 
deliberations around the use of tele-audiology in preventive audiology are 
timely. As advanced by Krupinski (2015), Khoza-Shangase argued that within 
the South African context, telecommunication technologies have numerous 
potential benefits that can enhance health care service delivery, including but 
not limited to assisting health care practitioners in developing and expanding 
their practices to locations beyond where they are physically located, 
expanding reach to patients in remote rural areas, minimising or eliminating 
travel costs that patients incur when accessing tertiary-level care, strengthening 
health care services where limited care is available, bolstering access to and 
enhancing patient satisfaction with specialised care by specialists, and 
encouraging inter and intra-professional collaboration in rural areas. 

The available research findings are promising as they do confirm that 
technology can be used in underserved areas to increase access and reach, as 
well as for clinical training and supervision (Khoza-Shangase et al. 2021a). 
In addition, some of these technological tools can be successfully operated by 
paraprofessionals, such as CHWs and facilitators, with no previous health 
background (Biagio et al. 2013), thus facilitating the use of task-shifting. Van 
Wyk, Mahomed-Asmail and Swanepoel (2019) trained 15 community care 
workers (CCWs) to conduct hearing screening using the hearTestTM Smartphone 
application as part of telepractice. Their findings indicated that CCWs can be 
trained to screen for hearing loss, and with appropriate training ensure that 
inappropriate referrals, such as false positives, are minimised.

Research has indicated that task-shifting can also be carried out with the 
use of middle ear measures that have higher sensitivity and specificity in 
identifying middle ear pathologies. Biagio et al. (2013) found that individuals 
with no background in health can be trained to successfully capture video 
otoscopic images or video clips that can be analysed through asynchronous 
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tele-audiology at a later stage by the otorhinolaryngologist. This means that 
many volunteers can be employed and trained to use video otoscopy in 
various settings, such as communities, schools and clinics. This would allow 
for wider coverage of patients in different communities and help with the 
early identification of middle ear pathologies. Acoustic immittance measures 
such as tympanometry, which can be operated by paraprofessionals (Erkkola-
Anttinen et al. 2014), can also be incorporated into current technology to 
increase access and ultimately form part of the preventive programmes. 

While technological advances are promising to expand health care services 
to underserved communities (Khoza-Shangase 2021a; Khoza-Shangase & 
Moroe 2020; Swanepoel 2020), there are also notable challenges with this 
approach to the delivery of health care services. Currently, technological 
advances are utilised in isolation, that is, outside established health care 
programmes. Careful examination of these programmes indicates that they 
follow the same traditional non-technological model, with the primary focus on 
schools and clinics (Sandström et al. 2020). Where a programmatic approach 
is attempted, middle ear assessment is excluded. For example, in Van Wyk 
et al.’s (2019) study where CCWs were trained to conduct hearing screening 
using hearScreenTM application, the community health programme that these 
CCWs were part of excluded middle ear assessment as part of the screening 
initiative. Patients’ middle ear function is measured only when refer results are 
obtained from the hearing screening, which has implications for early 
identification of middle ear pathologies, as early middle ear pathology may not 
necessarily cause a hearing loss that will then be identified through hearing 
screening. Based on the hearing screening that uses hearScreenTM, a pass result 
not only translates to a normal hearing threshold (Swanepoel et al. 2014), which 
does not require further audiological management but also infers normal middle 
ear  function. Given that some middle ear pathologies do not affect sound 
transduction (Sebothoma et al. 2021), the use of hearScreenTM application alone 
poses the risk of missing early signs of middle ear pathologies and, consequently, 
delaying the implementation of timeous intervention – a goal of preventive 
health care. Similarly, in a majority of the ototoxicity monitoring initiatives 
forming part of the TB and HIV management programmes, middle ear measures 
do not form part of the standard monitoring programmes (Govender et al. 
2020; Khoza-Shangase 2020b; Khoza-Shangase & Masondo 2020).

5.4. Universal health care coverage and the 
National Health Insurance within the current 
model of ear-and-hearing care

Global health and health care are characterised by a renewed emphasis on the 
goal of achieving universal health access throughout the world (Benatar & Gill 
2021; Khoza-Shangase 2021b). Khoza-Shangase (2021b) considered how the 
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South African hospital sector has distinct divisions between old historical 
divides (Mayosi & Benatar 2014) and new developments, as well as divisions 
between public and private health sectors, will benefit from an overhaul 
that the NHI promises to bring. With the public health sector servicing over 
80% of South African citizens who are not privately funded, this author 
argues that the NHI’s proposal of a harmonised approach to health care, 
where citizens can access health care services in both the public and private 
sectors at the NHI’s cost, irrespective of their socio-economic status, is 
welcomed. Ranchod et al. (2017) asserted that the NHI is an indication of 
the South African government’s intention to achieve UHC and access to a 
high quality of care for its citizens. Khoza-Shangase (2021b) cautioned that 
NHI needs to occur in the context of South Africa trying to attend to the 
long-term goal of tackling the social determinants of health. This author 
believes that this approach should also carefully consider the risks and 
benefits of any initiative adopted to address health challenges within this 
resource-constrained context, hence the need for preventive audiology 
programmes, such as the programmatic approach being recommended 
for the prevention of middle ear pathologies within the NHI plans. Khoza-
Shangase (2021b) suggested that such preventive care initiatives would 
need to be checked for contextual relevance, responsiveness and 
accountability and that they also need to be systematic and comprehensive, 
have a strategic plan behind them and involve audiologists at all stages of 
their development to implementation and monitoring.

Implementation of these initiatives is possible if clear and strategic 
preventive audiology plans are made within programmes, taking advantage 
of the NHI bill of 2019, whose goal is that of the WHO’s universal health 
care coverage (Ghebreyesus 2017; WHO 2017), under which universal ear-
and-hearing health care coverage falls. However, implementation of the 
NHI remains challenging as it is a funding model that does not necessarily 
address the challenges of the human resources challenges, particularly for 
areas where health care professionals and resources are unavailable 
(Passchier 2017), as has been illustrated for ear-and-hearing health care 
professionals within the South African context. Nonetheless, glimpses of 
the possibilities that the NHI promises to deliver in terms of the universal 
health care coverage model have been evidenced under the COVID-19 
pandemic in South Africa, where a programmatic approach to health care, 
with a particular emphasis on preventive health care at the primary level, 
regardless of the financial status of the patient has been clearly 
demonstrated (Hsieh 2020; Mosam et al. 2020; Reid 2020). COVID-19 has 
also demonstrated the use of global health teleconsultations and tele-
expertise as part of telepractice (Ohannessian, Duong & Odone 2020) 
within a programmatic approach to health care delivery, which South 
African ear-and-hearing health care professionals can learn from.
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5.5. Programmatic approach: Proposed 
framework 

Khoza-Shangase (2017) argues that health care practitioners must devote 
attention and resources to programmes to reduce the burdens of disease and 
programmes funded by the Department of Health. Therefore, they are better 
resourced and sustainable in achieving preventive outcomes regarding ear 
health and function. The authors of this chapter hold the same view as far as 
the prevention of middle ear pathologies is concerned. Owing to the limitation 
of the current model of health care service delivery, which leads to delayed 
early identification of middle ear pathologies, the authors believe that a 
programmatic approach may be a cost-efficient and responsible alternative. 
A programmatic approach enables several programmes to operate together 
under the same umbrella (Shapiro & Galowitz 2016). This means that resources 
allocated to an ‘umbrella’ programme may be shared or redistributed to 
improve health care service delivery, which in this case can include auditory 
pathologies such as early detection of middle ear pathologies.

Because the already existing programmes are budgeted for and have 
monitoring embedded in them, they already significantly utilise 
paraprofessionals to play crucial roles (Mottiar & Lodge 2018) such as 
promoting health in underserved areas (Schneider et al. 2018), conducting 
screening and home visits (Le Roux et al. 2014), this recommended 
programmatic approach opens an opportunity for audiology to fit in well 
within such programmes (O’Donovan et al. 2019). Given that some middle ear 
pathologies are self-induced (Joubert et al. 2017; Khan et al. 2017), the current 
scope of paraprofessionals in existing programmes can be expanded to 
include the promotion of healthy and hygienic practices to reduce the risk of 
middle ear pathologies. Furthermore, following training in order to adhere to 
the HPCSA minimum standards, assessments of middle ear pathologies using 
sensitive measures such as wideband acoustic immittance (WAI) (Hunter & 
Sanford 2015; Kaf 2011; Shahnaz et al. 2009) are incorporated into current 
hearing screening, and the utilisation of current technology within a health 
care service delivery model that uses task-shifting to paraprofessionals can 
improve the identification and timeous intervention of middle ear pathologies 
within the South African context.

5.6. Scope of paraprofessionals within the 
programmatic approach

The available evidence suggests that paraprofessionals can successfully be 
trained to promote health and conduct certain audiological tests such as 
smartphone applications (Van Wyk et al. 2019). It is therefore important to 
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carefully plan the scope of paraprofessionals with regard to the prevention of 
middle ear pathologies. According to the HPCSA, audiologists are responsible 
for creating training programmes for paraprofessionals, such as volunteers 
and community workers, and making sure that the minimum standards and 
regulations are met (HPCSA 2018). The training programme should include 
community entry to create awareness through communicating with community 
members. Given that South Africa is a multicultural and multilingual society, 
audiologists should incorporate the importance of culture and language in 
health care delivery in their training, as these have a significant impact on 
health-seeking and health intervention adherence behaviours (Khoza-
Shangase & Mophosho 2021). Ensuring linguistic and cultural congruence with 
the communities served may enhance the understanding and heighten the 
relevance of the information provided and improve the likelihood of healthy 
ear-and-hearing health care behaviour.

The training programme should also include training on the use of sensitive 
middle ear measures such as WAI and video otoscopy to identify middle ear 
pathologies, especially with more and more WAI normative data in different 
populations becoming available. As part of the routine procedure, audiology 
practices are gradually moving towards the inclusion of sensitive middle ear 
measures to improve early identification and timeous intervention of middle ear 
pathologies. Video otoscopy (Biagio et al. 2014; Lundberg et al. 2017; Park 
et al. 2016; Sebothoma & Khoza-Shangase 2018) and WAI (Kaf 2011; Merchant 
et al. 2021; Myers et al. 2018; Sebothoma et al. 2021; Shahnaz et al. 2009) have 
demonstrated higher sensitivity in identifying middle ear pathologies. 
In addition, Keefe et al. (2012) reported that WAI can also be used to predict 
CHL. Consequently, researchers from various countries have begun to develop 
normative values for WAI to improve its diagnostic utility (Aithal et al. 2017; 
Chang et al. 2019; Jaffer 2016; Margolis, Saly & Keefe 1999; Polat et al. 2015; 
Sebothoma & Khoza-Shangase submitted; Shahnaz, Feeney & Schairer 2013). 
Over and above their sensitivity, these measures of middle ear pathologies 
have also been shown to be easy to perform (Biagio et al. 2013; Hunter & 
Sanford 2015) and, therefore, can easily be incorporated into the tasks 
transferred during task-shifting to paraprofessionals.

While studies have demonstrated that video otoscopy and WAI are sensitive 
in identifying middle ear pathologies, their interpretations can only be 
conducted by qualified professionals. For example, video otoscopic images or 
video clips require otorhinolaryngologists to analyse and make a diagnosis of 
middle ear pathology (Sebothoma & Khoza-Shangase 2018). The reduced 
familiarity with WAI and its technicalities may require audiologists to interpret 
and make a diagnosis. Because of these restrictions, it is recommended that 
interpretation of these measures be carried out through tele-audiology or 
telepractice either via synchronous, asynchronous or hybrid approach, 
depending on the context and situation where the clinical care is being provided. 
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Audiologists are, therefore, responsible for thoroughly and carefully training 
paraprofessionals to take quality video otoscopic images or clips and obtain 
WAI results, which can be analysed via telepractice by qualified professionals 
(Khoza-Shangase et al. 2021a; Rushbrooke & Houston 2013; Swanepoel 2015; 
WHO 2013). The same platform for health care service delivery can then be 
used for the management and monitoring of middle ear pathologies that are 
under otorhinolaryngologists’ care.

5.7. Task-shifting within a programmatic 
approach that includes tele-audiology

Ear-and-hearing health care professionals, such as audiologists and 
otorhinolaryngologists, are the main professionals specifically trained and 
certified to identify, treat and manage middle ear pathologies and their 
consequences (Martin & Clark 2019). However, the shortage of these professionals 
within the South African context (Fagan & Jacobs 2009) has led to their scope 
of practice prioritising preventive care far less than secondary and tertiary 
health care services. Consequently, this capacity versus demand challenge may 
prevent successful and effective implementation for the prevention of middle ear 
pathologies in the South African context. As a result, some of the tasks required 
for preventive ear-and-hearing health care may have to be shifted to other 
individuals who may assist in implementing the preventive programmes – 
paraprofessionals (WHO 2020).

There is a need for paraprofessionals, such as CHWs, teachers, students, 
religious leaders, and volunteers, to participate in implementing the ear and 
hearing preventive programmes. O’Donovan et al. (2019), in their scoping 
review on the roles played by CHWs, found that these workers can play an 
important role in addressing ear diseases and hearing loss. In this study, the 
value of CHWs was located in raising awareness of ear diseases and hearing 
loss in the community and in promoting community participation in screening 
programmes.

Students attending the ear-and-hearing health care training programmes 
can also be involved in health educational activities through initiatives, such 
as peer education. Peer-led health education has been recognised as a 
potential strategy for promoting healthy living in school-aged children (Frantz 
2015; Mellanby, Rees & Tripp 2000). This strategy encourages students who 
are thoroughly trained and equipped with the knowledge of a health condition 
to teach their peers. Ghasemi et al. (2019) conducted a systematic review, 
which revealed that peer education could have a greater effect on knowledge, 
attitude, self-efficacy, practice and health behaviour when compared with 
other methods such as education by teachers, lectures, etc. Several studies 
have explored the use of peer education in the prevention of HIV, smoking 
(Dobbie et al. 2019), and obesity and eating disorder (Stock et al. 2007). 
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However, there is limited evidence of peer-led education in the prevention of 
auditory pathologies, such as middle ear pathologies. Therefore, the authors 
of this chapter strongly believe that peer-led education should be explored, 
particularly in preventing risky behaviours that potentially contribute to the 
development of middle ear pathologies, such as using matchsticks or pouring 
unprescribed oil into the ear.

The WHO (2013) recommended the use of telehealth systems to improve 
health awareness and knowledge of populations in underserved areas. 
Rushbrooke and Houston (2013) supported that telehealth can also be used 
to deliver health information and education to communities. Within the South 
African context, Khoza-Shangase and Moroe (2020) argued that because of 
the considerable audiological human resources challenges in LMICs and the 
demand for increasing audiology professionals’ management of ear-and-
hearing health care in programmes such as HCPs, prudent deliberation around 
tele-audiology as a platform for health care service delivery in these contexts 
is necessary. These authors argue strongly that the failure to explore tele-
audiology for ear-and-hearing health care in this context signals a squandered 
opportunity to expand access to preventive audiological health care services 
to the South African population. They suggest that technological developments, 
with their recent complementary advances in telehealth, have expanded 
prospects for alternative and augmentative platforms of health care service 
delivery that are responsive to context, such as tele-audiology within ear-and-
hearing health care preventive programmes. Khoza-Shangase and Moroe 
(2020) raised caution about the importance of adherence to policies and 
regulations during implementation, where ethics, human rights and medical 
law continue to guide the clinical care provided when utilising tele-audiology. 
These preventive measures also include the use of sensitive middle ear 
assessment measures that would allow for early detection and intervention 
before severe or permanent damage has occurred or before more specialised 
and costly tertiary-level care is required.

Paraprofessionals may also assist in conducting sensitive measures 
discussed above, such as taking video otoscopic images or video clips (Biagio 
et al. 2013) and tympanometry (Erkkola-Anttinen et al. 2014). Erkkola-Anttinen 
et al. (2014) trained parents of 78 children with AOM to obtain daily bilateral 
tympanograms. The findings of the study revealed that parents were able to 
obtain 83% of interpretable tympanograms. These results indicate that 
obtaining acoustic immittance such as tympanometry may not require 
specialised skills. Given that the procedure for obtaining WAI results and 
conventional tympanometry is similar (Hunter & Sanford 2015), 
paraprofessionals may be trained to obtain and record the results electronically 
within tele-audiology. 
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Khoza-Shangase, Sebothoma and Moroe (2021b) also argued that primary 
health care nurses, teacher assistants and trained volunteers can be used to 
increase access to ear-and-hearing health care. The ability to include 
paraprofessionals provides an opportunity to cover a wider population 
within various existing programmes and may ensure continuity of care. This 
will be particularly efficient and effective when within a tele-audiology 
programme so that audiologists can continue to provide diagnostic and 
rehabilitative health care services wherever they are located while remotely 
managing and monitoring these preventive programmes from across the 
country.

While task-shifting is a promising health care service delivery model, there 
are several factors to be considered. The training of paraprofessionals by 
qualified audiologists or otorhinolaryngologists to meet the minimum 
standards and regulations as stipulated by HPCSA, and the financing of 
audiological equipment required to conduct testing such as tympanometry, 
must be considered and planned for by the relevant stakeholders such as the 
DoH and HEIs. A lack of consideration of these factors will render this model 
impossible or unsustainable to achieve. Although health financing continues 
to be a challenge in South Africa, the authors of this chapter recommend that 
the audiology community lobby for this forms part of the NHI planning, 
budgeting and implementation.

5.8. Tele-audiology within the programmatic 
approach 

As tele-audiology has not been widely used in different programmes, careful 
planning is required. Khoza-Shangase and Moroe (2020) emphasised the 
need for maintaining and adhering to the HPCSA and Department of Labour 
regulations, especially within the scope of tele-audiology for paraprofessionals. 
They further argue that the need for adhering to regulations is important 
because paraprofessionals will be facilitating tele-audiology such as making 
recordings, conducting online interactive engagements and real-time 
videoconferencing in programmes such as HCPs in the absence of an 
audiologist. This view is also true in other ear and hearing preventive 
programmes as the currently proposed one for the prevention of middle ear 
pathologies. The authors of this chapter believe that a similar approach and 
emphasis should be adopted in all programmes where tele-audiology is 
going to be utilised. Figure 5.1, adapted from Khoza-Shangase and Moroe 
(2020), illustrates how tele-audiology can be used in various health care 
programmes for the prevention of middle ear pathologies within the South 
African context.
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5.9. Conclusion
Middle ear pathologies are commonly observed, with their high prevalence in 
LMICs such as South Africa because of various risk factors. While educational 
activities discussed in this chapter are critical in improving community 
knowledge and awareness of symptoms of middle ear pathologies and 
improving knowledge about seeking early hearing health care, these activities 
may not be sufficient, particularly when middle ear pathologies arise because 
of a compromised immune system. In these cases, measures with high 
sensitivity and specificity in identifying middle ear pathologies early become 
critical at all levels of prevention. As part of a programmatic approach to 
health care delivery, the authors recommend that middle ear pathologies 
should not be prevented separately but integrated into other health care and 
educational programmes. This approach will allow for increased reach, as well 

Source: Adapted from Khoza-Shangase and Moroe (2020).
Key: WAI, wideband acoustic immittance.

FIGURE 5.1: How tele-audiology can be used in various health care programmes for the prevention of middle 
ear pathologies within the South African context.

Tele-audiology within programmes

Sy
nc

hr
o

no
us

A
sy

nc
hr

o
no

us

• Real-time videoconferencing 
monitoring of
para professionals
conducting various 
audiological tests 

• Tele-monitoring to have 
immediate input regarding 
the quality of the video 
otoscopic images and WAI 
results

• Store and forward 
information to the 
experienced udiologists for 
verification

e-Monitoring

• Real-time interactive 
videoconferencing 
training on creating 
awareness of ear hygiene

• Real-time interactive 
videoconferencing 
training on taking quality 
video otoscopic images 
and video clips

• Real-time hearing 
screening training, 
including conducting WAI

• Real-time record-keeping 
of audiological results, 
and quality control

• Store and forward 
training modules and 
activities to 
paraprofessionals 

• Interactive online training 
on creating awareness, 
taking quality video 
otoscopy, and obtaining 
WAI results

e-Training

• Real-time videoconferencing 
mentoring and guidance

• Tele-tutorials to discuss 
questions and concerns 
during testing, and ways to 
mitigate them 

• Real-time support of 
paraprofessionals in various 
programmes

• Recording of tutorials to 
support paraprofessionals

e-Supervision



Chapter 5

109

as improved monitoring and sustainability of the middle ear pathologies 
preventive programme.

While access to health care resources in LMIC contexts continues to be a 
huge challenge for the majority of the citizens, and given the need for UHC, 
health care professionals and policymakers must begin deliberating on new 
approaches to health care delivery; approaches that can increase coverage, 
improve access, and achieve early identification and intervention. While in 
audiology there is a concerted effort to improve early identification and increase 
coverage of hearing loss, early identification of middle ear pathologies remains 
largely ignored. Therefore, the proposed framework suggests a programmatic 
approach to improve the early identification of middle ear pathologies and 
increase coverage, especially in people who are already at risk of developing 
these pathologies. Within already existing programmes in South Africa, the 
authors propose that audiologists and otorhinolaryngologists do not need to 
conceive additional programmes but can be incorporated into and collaborate 
within already existing programmes. Although specific health care programmes 
are mentioned in the discussion, audiologists and otorhinolaryngologists should 
not be limited to these programmes but should explore other opportunities to 
collaborate within health and other non-health programmes, where ear-and-
hearing health care is of relevance.

While a programmatic approach may be beneficial, careful planning, 
implementation and monitoring are required to ensure that current existing 
programmes are not strained and that health care providers such as 
paraprofessionals are not overwhelmed with the expansion of their scope of 
function. Therefore, discussions with relevant stakeholders such as regulators 
and departmental heads, as well as with political administrators, to map out 
how such an approach can be accommodated are required, with careful 
collating of evidence to ensure that future implementation is contextually 
relevant and responsive, considering barriers and challenges covered in 
Chapters 2, 3 and 4.
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6.1. Introduction
Preventive health care, wherein preventive audiology is located, consists of 
measures taken for disease prevention at various levels of prevention, as 
detailed in Chapter 1 of this book. Hearing function can be affected by 
numerous causes, including drugs or medications used to treat certain 
conditions, and this is termed ototoxicity. Ototoxicity is a negative response 
to some pharmaceutical drugs prescribed to treat diseases, where negative 
effects on the cochlea or auditory nerve signified by cochlear or vestibular 
dysfunction occur (Ganesan et al. 2018). With the high burden of diseases 
such as cancer, TB and HIV and AIDS, ototoxicity is one condition that requires 
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careful preventive measures as it is preventable, and its degree and effects are 
significantly minimisable if early detection and intervention protocols are 
followed. Associations have been proven to exist between medical treatments 
of these conditions and ototoxicity.

The HPCSA (2018) released national guidelines on the assessment and 
management of patients on ototoxic medications in South Africa. The HPCSA 
(2018) guidelines, accessible on the HPCSA website, can only be successfully 
implemented within LMICs, like South Africa, if contextual challenges such as 
unavailability of equipment and personnel, limited collaboration among team 
members, inefficient informational control systems and inefficient health care 
services are addressed. This implementation should be guided by support 
from contextualised research evidence.

Recent evidence from the South African context indicates challenges with 
the implementation of these guidelines because of numerous existing 
contextual barriers. HPCSA (2018) provided methodical and standardised 
ototoxicity monitoring guidelines for clinical locations where ototoxic 
medications are prescribed, with a centrally located clear role of audiologists 
as part of the treatment team to eliminate or minimise ototoxicity within the 
South African context. Enough evidence exists to support a pharmaco-
audiology vigilance strategy (Khoza-Shangase 2020a) that will permit 
suitable, precise, well-organised and dependable comparisons of patient data 
within each patient longitudinally and between patients, as well as between 
and within different types of treatments and treatment sites. This data 
comparison can also be performed with other local data or with international 
data. This chapter argues for pharmaco-vigilance in audiology as one of the 
key preventive audiology strategies requiring careful consideration within 
resource-constrained contexts, such as Africa. Risk–benefit deliberations are 
presented with recommended solutions relevant to the context, including the 
role of task-shifting and tele-audiology in this scope of audiology practice.

6.2. Context
Evidence indicates that all biologically active substances display several types 
of harmful and adverse influences on the human body (Guo et al. 2010). While 
doctors prescribe drugs for disease treatment or prevention, the same drugs 
can have toxic effects in some patients. This has been seen, particularly where 
infectious, life-threatening conditions such as HIV and AIDS (Bankaitis & 
Schountz 1998) and TB (Bardien et al. 2009; Singh 2017) are concerned. 
A similar concern exists for the treatment of the current novel COVID-19 
pandemic (Bogdanov et al. 2021; García et al. 2020; Siemieniuk et al. 2020). In 
such instances, where sustaining lives is the urgent goal, a newly developed 
drug may gain approval before the QoL indicators, such as toxic side effects, 
have been fully established.
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The US Food and Drug Administration (FDA) and the European Medicines 
Agency aligned South African Health Products Authority (SAHPRA) adopts the 
aforementioned approach too, particularly with the approval of treatments for 
communicable diseases. If a treatment drug fulfils a clinical need where 
treatments are not available, such as was the case with HIV or TB therapy and 
recently COVID-19 pandemic, the SAHPRA adopts an approval accelerating 
approach, which significantly reduces the time period (a year to a year and a 
half) ordinarily adhered to drug registration (Rome & Avorn 2020). This has 
recently played out with COVID-19 where life preservation has been observed 
to hasten vaccine and drug development processes (Cassidy et al. 2020; Rome 
& Avorn 2020; Thomson & Nachlis 2020). COVID-19 is an acute infectious 
respiratory disease that has been reported to be produced by infection with a 
recently discovered coronavirus that has rapidly spread throughout the world, 
with various variants emerging in its development course (Duong 2021). 
Consequently, the WHO director-general, Dr Tedros Adhanom Ghebreyesus, 
officially proclaimed COVID-19 as a pandemic, which is a public health crisis of 
global concern (Mustafa 2020). Drug development for such infectious conditions 
primarily foregrounds sustaining life as a principal goal, with minimal, if any, 
attention placed on QoL influencing factors such as hearing loss (Burgoyne & 
Tan 2008; Guastalla & Dieras 2003). This, therefore, highlights the need for 
post-drug approval pharmaco-vigilance, where drug research focuses on 
detecting, identifying and categorising side effects of the drug.

The known objective in drug research is, through laboratory investigations, 
to identify the harmful reactions of recently developed drugs prior to any 
harm inflicted upon humans (Guo et al. 2010; Tsintis & La Mache 2004). 
Identifying adverse effects of drugs is what pharmaco-vigilance in the form of 
ototoxicity monitoring in audiology should be aimed at, with the ultimate goal 
of minimising or eliminating the toxic effects of the drugs on the auditory and 
vestibular system. As clear as this goal is, achieving it is not easy and has been 
met by numerous challenges. Evidence suggests that this failure is because of 
the lack of South African standardised investigative methods and ototoxicity 
monitoring practises, as well as an absence of a South African government 
mandate (Khoza-Shangase 2010a, 2013, 2020a; Khoza-Shangase & Stirk 2016; 
Stevenson et al. 2021).

As audiological assessment and monitoring are not components of 
standard initial investigations where adverse drug effects are identified and 
categorised, preventive audiology measures in the form of ototoxicity 
monitoring and management become essential not only for clinical practice 
but also for ethical reasons. Therefore, it is vital for audiologists and audiology 
researchers to become directly involved in drug development for the early 
detection of audiology adverse events in the form of vestibulotoxicity and 
ototoxicity (Bankaitis & Schountz 1998). In resource-constrained contexts 
such as LMICs, where South Africa is located, efficient identification and 
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prioritisation of which drugs to closely monitor are key, as not all drugs can be 
monitored. Audiologists should keep an updated log of the major 
pharmacological agents and health conditions that have been recognised to 
warrant audiological monitoring to be able to prioritise them in their monitoring 
programmes. The well-established classes of drugs that have an ototoxic and 
or vestibulotoxic effect include loop diuretics, platinum-based antineoplastic 
agents, aminoglycosides, non-steroidal anti-inflammatory agents and, 
progressively, antiretroviral (ARV) drugs (Bankaitis & Schountz 1998; Bisht & 
Bist 2011; Khoza-Shangase 2010b, 2013; Khoza-Shangase & Stirk 2016; Rybak 
& Ramkumar 2007). This recommended prioritisation of health conditions and 
specific drugs is essential as it would be prohibitive to include ototoxicity 
monitoring in all clinical drug development trials, especially in environments 
with a lack of resources, such as is the case in LMICs. This approach has a goal 
of early identification of ototoxicity and its consequent early intervention, 
prior to permanent damage, an imperative in primary health care, where 
prevention is the South African National Health Department’s adopted 
approach.

In his study, Freeman (n.d.) supported the idea of prioritising the issues by 
asserting that in the South African context, prioritising some health conditions 
over others because of limited resources available to address all health 
challenges, including constrained financial and human resources, is necessary. 
This author argues that it is, therefore, important that the country concentrates 
its energies and resources on prioritised areas, otherwise minimal progress 
would be made in attending to health care challenges. Freeman (n.d.) 
suggested that attempting to address all conditions equally will be less 
productive than if increased resources are placed into an identified small 
number of health care conditions as priorities. This prioritisation approach is 
the position adopted in this chapter where, within the South African context, 
highly prevalent conditions such as HIV, AIDS, TB and cancer have been 
spotlighted as strategic diseases in the burden of diseases with an association 
to ototoxicity (Adams et al. 2012; Khoza-Shangase & Masondo 2021).

6.3. Delving into ototoxicity
In the past decades, post-Apartheid, South Africa continues to be among the 
LMICs with high mortality rates as well as inadequate health outcomes 
associated with the distinctive quadruple burden of disease, described as 
including non-communicable diseases (e.g. cardiovascular diseases and 
hypertension, diabetes, cancer, mental illnesses and chronic lung diseases), 
communicable diseases (e.g. HIV, AIDS and TB), injury and trauma, as well as 
maternal and child mortality (Institute for Health Metrics and Evaluation 2018; 
Pillay-Van Wyk et al. 2016; Rohde et al. 2008). This quadruple burden of 
disease’s impact has reportedly worsened with the advent of COVID-19, which 
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has disrupted and pressurised the country’s economy as well as its health care 
system (Hofman & Madhi 2020). The treatment for some of these conditions 
under the quadruple burden of disease banner, which includes over 
600 categories of classes of drugs such as platinum-based chemotherapeutic 
agents, aminoglycosides and loop diuretics, is linked to ototoxicity (Ganesan 
et al. 2018). Ramma, Schellack and Heinze (2019) highlighted that the increasingly 
wide range of these drugs, as well as their increased prescription, has increased 
the incidence of ototoxicity over the years, with Govender et al. (2020) and 
Paken et al. (2021) locating this also within the South African context.

Despite the established important role that ototoxic medications play in 
modern medicine, their capacity to cause significant morbidity has also been 
well-documented (Campbell 2018). The morbidity that is linked to the auditory 
and vestibular system is largely preventable and its effects minimisable if 
detected early and preventive measures are implemented timeously. Delayed 
diagnosis of ototoxicity has been highlighted as one of the main challenges 
confronted during ototoxicity evaluation and treatment (Ganesan et al. 2018). 
Ganesan et al. (2018) claimed that diagnosis of ototoxicity often happens 
after the hearing loss has progressed to a severe degree that already has a 
significant impact on speech perception, which is a failure in preventive 
audiology programmes.

Although ototoxicity is argued to be non-life-threatening, evidence 
indicates that it has a significant impact on QoL as it affects communication, 
scholastic and occupational outcomes, with documented social consequences 
for the affected individual across the lifespan (Govender & Paken 2015; Khoza-
Shangase 2010b, 2017), and equally significant cost implications for the State. 
In the paediatric population, the impact on speech and language, as well as 
social and cognitive development that leads to poor educational and 
psychosocial functioning outcomes, can be the negative consequences of 
ototoxicity (HPCSA 2018). Baguley and Prayuenyong (2020) argued for 
careful monitoring of self-reported QoL impact of the cochlear and vestibular 
dysfunction because of ototoxicity as part of the surveillance and monitoring 
programmes as these can cause significant negative psychological and 
physical outcomes (Manchaiah et al. 2018). The physical outcomes linked to 
vestibular dysfunction can impact QoL influencers, such as engaging in 
activities that require good balance like walking, riding, driving and dancing, 
with consequent psychological effects (Sun et al. 2014).

The WHO (2019) approximated the incidence of disabling hearing loss to be 
6.1% of the global population, with causes varying widely to include ototoxicity 
(ASHA 2015) because of drugs that are usually reserved for treating life-
threatening conditions (WHO 2014a). The incidence rates of ototoxicity vary 
from country to country, depending on prevalent risk factors such as HIV, AIDS, 
TB and other communicable and non-communicable diseases. For example, 
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in the United States, Landier (2016) approximated the occurrence of ototoxicity 
to range between 4% and 90%, depending on numerous factors such as the 
drug under investigation, administrative techniques, age of the patient 
population and cumulative dose.

It is estimated that, in 2016, the global number of individuals diagnosed 
with TB was 10.4 million; and of these individuals, 90% were adults, with 74% 
of them living in African countries (Floyd et al. 2018). Furthermore, the WHO 
(2014b) estimated that 33 million persons were living with HIV in Eastern 
and Southern Africa, with an observable constant increase in individuals 
diagnosed with cancer. The WHO (2020) stated that, globally, TB is the most 
common presenting illness among people living with HIV, regardless of 
whether they are on ARV treatment or not, and it is the chief cause of HIV-
related mortalities. This organisation reports that sub-Saharan Africa, where 
South Africa is located, bears the brunt of the dual epidemic, accounting for 
approximately 84% of all deaths from HIV-associated TB in 2018 (WHO 
2020). This dual epidemic has made South Africa the epicentre of HIV and 
AIDS, with a joint high frequency of TB co-infection. Because of the excessive 
numbers of individuals on long-term treatment for TB in South Africa, 
Bardien et al. (2009, p. 440), very early on, claimed that South Africa was 
‘[…] potentially facing the risk of a significant proportion of the population 
acquiring aminoglycoside-induced permanent hearing loss’. This claim was 
realised in one of the biggest complaints of negligence against the SANDoH 
in 2017 for failing to provide proper monitoring, where 123 adults receiving 
TB treatment in the province of KwaZulu-Natal lost their hearing following 
TB treatment (Singh 2017). The afore-presented reality raises important 
implications for preventive audiology, in the form of pharmaco-vigilance, 
within the African context.

In South Africa, sufficient evidence of links between HIV, AIDS and TB 
treatments and ototoxicity has been established (Bardien et al. 2009; Govender 
& Paken 2015; Harris, Peer & Fagan 2012; HPCSA 2018; Hong et al. 2020; Khoza-
Shangase 2010a, 2011, 2014; Khoza-Shangase & Jina 2013; Khoza-Shangase, 
Lecheko & Ntlhakana 2020; Khoza-Shangase & Masondo 2020, 2021; Khoza-
Shangase & Stirk 2016; Moodley et al. 2021; Ramma et al. 2019). This evidence 
calls for careful deliberations by the South African audiology community 
around preventive ototoxicity strategies. With 7.7 million people living with 
HIV in South Africa, and 70% of adults on ARV treatment by the year ending 
2019 (UNAIDS 2020), with universal coverage being the target, pharmaco-
vigilance in the form of ototoxicity monitoring and management must become 
a critical part of the treatment plan for this population. The current practice, 
however, shows a lack of uniform, organised and efficient ototoxicity monitoring 
within the clinical locations where these diseases are assessed and managed, 
with ad hoc and negligible participation of audiologists as members of the 
multidisciplinary team (Khoza-Shangase & Masondo 2020, 2021).
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The current HIV and AIDS statistics treatment coverage data indicate that 
there is no universal coverage yet shows evidence of a focused strategy 
(UNAIDS 2020). Significant progress has been made in the achievement of 
sustaining the lives of infected individuals as the roll-out of ARV therapy in 
South African public health care facilities in the first quarter of 2004 (Fairall 
et al. 2008; Nachega et al. 2006; Nunes et al. 2011). This progress has also 
been mirrored by advances in medications prescribed, such as fixed-dose 
combination ARV medication introduced in 2013 (Davies 2013). This new 
development has been hailed as a significant influence on treatment 
adherence. Furthermore, the commitment of the South African government 
to the UNAIDS 90:90:90 strategy by 2030 indicates a clear and directed 
plan for the efficient management of HIV by this LMIC (UNAIDS 2014).

The aforementioned treatment strategy has a well-defined goal of 
eliminating or preventing the spread of HIV as well as sustaining the lives of 
those infected in South Africa. Khoza-Shangase (2020a) strongly argued that 
in the clinical management strategy of the population with HIV, AIDS and TB, 
it is imperative that audiologists ceaselessly raise the importance of also 
foregrounding the quality of life that is sustained by ARV roll-out. This author 
asserts that this additional QoL focus would include otological manifestations 
(such as auditory and vestibular function) as one of the sensory disabilities 
found in this population. Consequently, maintenance of at least 90% 
QoL should form part of the UNAIDS 2030 target of having 90% infected 
diagnosed, 90% on treatment, and 90% virally suppressed by 2030 
(Khoza-Shangase 2020a).

Iatrogenic causes of hearing loss in HIV and AIDS are one of the three main 
groups of causes of otological manifestations in this population. The other 
two are primary effects because of the virus itself and secondary causes 
because of opportunistic infections. Iatrogenic causes comprise the drug-
induced auditory and vestibular effects following treatments with medications 
that are ototoxic in nature (Khoza-Shangase 2018), with these effects 
constantly changing because of the sustained development in new treatments 
(Bankaitis & Schountz 1998; Campbell 2018; Kallail, Downs & Scherz 2008). 
Various extensively used treatments in the treatment of HIV that have 
documented links with ototoxicity include post-exposure prophylaxis with 
lamivudine, stavudine and nevirapine, NRTI therapy (nevirapine); zidovudine; 
and mixtures of zidovudine and didanosine; lamivudine and stavudine; 
lamivudine, stavudine, didanosine, and hydroxyurea; combinations of 
lamivudine, nevirapine and stavudine; azidothymidine, lamivudine and 
efavirenz; antineoplastic medications (e.g. vincristine), antifungal agents 
(including flucytosine, amphotericin B and ketoconazole), as well as 
aminoglycoside antibiotics, immune modulators, zalcitabine and didanosine 
(Bankaitis & Schountz 1998; Kallail et al. 2008; Khoza-Shangase 2010b, 
2011, 2014).
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Evidence linking these HIV treatments to ototoxicity demonstrates that the 
ototoxic effects create a burden and a distinctive challenge to the provision of 
ear-and-hearing health care service delivery in South Africa (HPCSA 2018; 
Hollander, Joubert & Schellack 2020; Khoza-Shangase 2010a, 2011, 2018, 
2020b; Khoza-Shangase & Masondo 2020; Khoza-Shangase & Prodromos 
2021; Khoza-Shangase & Van Rie 2017; Swanepoel 2006). The evidence further 
supports the development and implementation of systematic and standardised 
ototoxicity monitoring protocols, such as the ototoxicity grading system 
within a mobile app for resource-limited settings that are recommended by 
Hollander et al. (2020). These ototoxicity monitoring protocols have 
pharmaco-audiology vigilance as a primary objective, where elimination of 
drug-induced hearing loss and determination of the precise compounds 
causing ototoxicity in this population are done. Nationally, this primary 
objective can only be attained in a context where locally relevant research, 
based on reliable data collected using sensitive, valid and reliable assessment 
measures, is conducted to establish evidence that will facilitate best practice.

In a 2010 South African study by Khoza-Shangase (2010b), where the need 
for ototoxicity monitoring in patients with HIV and AIDS was examined, 
findings revealed contextual challenges that seem to have remained the same 
20 years later (Khoza-Shangase et al. 2020). These challenges include financial 
and human resource limitations, lack of required equipment and lack of 
informational counselling as factors that influence the provision of dedicated, 
efficient ototoxicity monitoring services. Consequently, a negligible number 
of individuals on ototoxic treatments undergo monitoring and preventive 
management (Khoza-Shangase et al. 2020), particularly within the population 
with TB (Khoza-Shangase & Prodromos 2021).

The importance and value of audiometric testing in the process of early 
identification of hearing thresholds changes because of drug therapy is widely 
acknowledged (Hollander et al. 2020; Hong et al. 2020; HPCSA 2018; Ramma 
et al. 2019). Although it is well recognised and accepted that priority to sustain 
lives during the treatment of life-threatening conditions such as HIV and AIDS 
trumps the concerns around the highly ototoxic nature of the agents used, 
preventive strategies still remain relevant. Sufficient evidence exists that 
demonstrates that preventive measures, such as prescription of alternative 
drugs, altered treatment regimens or administration of reduced dosages, are 
successful options if ototoxicity is identified early in the treatment phase 
(Khoza-Shangase & Prodromos 2021; Lonsbury-Martin & Martin 2001). 
Prospective audiological monitoring of high-frequency hearing allows the 
prescribing doctor to consider and weigh the advantages of alternative 
treatment and/or amount, mode and frequency of treatment prior to worsening 
hearing loss to invade the lower range of frequencies that are significant for 
speech and communication. The value of monitoring hearing thresholds 
extends beyond medical intervention to rehabilitation, where the audiologist, 



Chapter 6

119

family and the patient are alerted to hearing challenges early and amplification 
can be fitted as part of an overall holistic aural rehabilitation programme. 
Although this is a secondary outcome to an ototoxicity monitoring programme 
(OMP), with the ideal outcome being complete prevention of hearing loss, 
early provision of amplification can enhance the patient’s QoL and facilitate 
their adherence to medical treatment. Consequently, in every context, 
stringent use of and adherence to standardised assessment protocols for 
early detection of hearing changes become imperative in pharmaco-vigilance 
preventive programmes.

The implications of pharmaco-vigilance in audiology within the South 
African context extend to co-existing audiological conditions such as 
occupational noise-induced hearing loss (ONIHL), where a large number of 
the mining workforce is affected. Recently, Khoza-Shangase (2020c) found 
that gold miners with a history of TB treatment present with high-frequency 
hearing thresholds that are significantly worse than the group without this 
history. This difference in hearing function in these two groups raises the value 
of tactical HCPs that incorporate ototoxicity monitoring in those workers with 
concomitant comorbidities such as TB and HIV or AIDS, with the exploration 
of prescription of otoprotective or chemo-protective agents in the South 
African mining population as part of preventive efforts (Khoza-Shangase 
2010a, 2010b, 2011, 2017, 2020b).

Stuckler and colleagues (2011, 2013) reported that South Africa appears in 
the list of countries where the highest incidence of HIV, AIDS and TB is found, 
with the mining industry being the hardest hit by these conditions. 
Approximately a third of mineworkers in South African mines were reported 
to acquire HIV within the first year and a half of working in the mines (Reddy & 
Swanepoel 2006). AngloGold Ashanti (2012) approximated that 85% of their 
employees had TB and HIV in the early 2000s. This raises important 
implications related to the recorded evidence of the compounding influence 
of synergistic effects of simultaneous exposure to noise while on ototoxic 
medications for the treatment of HIV, AIDS and TB (Khoza-Shangase 2020c; 
Valente et al. 2008). The concomitant exposure to these conditions within a 
chronic hazardous noise exposure environment further accentuates ototoxicity 
vigilance as a preventive audiology imperative within the South African context.

Research has considered defining ototoxicity and establishing early 
identification and monitoring guidelines to facilitate deliberations around 
treatment modifications that would lead to minimal or eliminated ototoxicity 
(ASHA 1994, 2015; HPCSA 2018). Although numerous guidelines have been 
developed, their feasibility continues to be uncertain because of various 
factors, particularly in LMICs. In an LMIC such as South Africa with inadequate 
resources for basic health care services, there has been a documented lack of 
standardised practice for ototoxicity detection and monitoring until as 
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recently as 2018, when the HPCSA’s SLH Professions Board, for the first time, 
published national guidelines for ototoxicity assessment and management. 
This publication is following years of the country’s audiologists modifying 
protocols from HICs, such as the United States of America, to apply within the 
South African context, with limited success (Govender & Paken 2015). Khoza-
Shangase and Masondo (2020), however, argued that for successful application 
of the HPCSA guidelines to occur within this population, clear scoping of the 
context with regard to current practices around ototoxicity assessment and 
management is required, with findings of this exercise affording the audiology 
community the opportunity to compare the current practice to the endorsed 
guidelines. In their scoping of the South African context for this very purpose, 
Khoza-Shangase and Masondo (2020) found considerable lacunae between 
knowledge and conversion of this knowledge into practice in this area of 
practice. In their study, these authors report various important findings 
emanating from this study that bear relevance for the South African context:

1. Although a significant majority of the audiologists sampled (over two-
thirds) performed ototoxicity monitoring and management, the protocols 
utilised were not aligned to either HPCSA guidelines or international 
standards.

2. Pre-treatment (baseline) assessment was not conducted by a majority of 
the audiologists, and monitoring was performed irregularly and less 
frequently than what is recommended in the guidelines, thereby negatively 
influencing the ototoxicity programmes’ ability to detect ototoxicity early 
for the implementation of early preventive intervention.

3. Non-standard assessment batteries were utilised for assessment and 
monitoring, raising queries about the reliability and validity of the data that 
are then used to inform preventive treatment decisions.

4. Collaborative working relationships between audiologists and the rest of 
the clinical team managing patients on ototoxic medications were 
inadequate, thus contributing significantly to the less-than-optimal 
ototoxicity management practices in this context.

5. Specialised treatment institutions, such as TB hospitals, were better 
equipped and better resourced to be able to adhere to ototoxicity 
assessment and management guidelines because there was a clinical focus.

6. Within the South African context, where ototoxicity training forms part 
of the minimum undergraduate curriculum, current findings seemed to 
indicate that postgraduate qualifications did not influence the audiologists’ 
practices for ototoxicity assessment and management.

Findings from Khoza-Shangase and Masondo’s (2020) study offered 
contextually relevant evidence within the South African context, supporting 
pharmaco-audiology vigilance as one of the key focus areas for preventive 
audiology. These researchers resolve that for successful implementation of 
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ototoxicity monitoring and management guidelines within the South African 
context, a few strategic areas need focus, and these are (1) adherence to 
guidelines and converting these guidelines, knowledge and policies into 
practice, (2) clinical assessment and management practices adhered to, (3) 
suitable allocation of resources for each programme and (4) calculated 
planning for national ototoxicity assessment and management programmes 
in context. Such strategic planning should be guided by deliberate benefit 
versus risk assessments of ototoxicity vigilance within this context, taking 
South African realities into consideration. Chapter 10 of this book offers 
interesting cost analysis deliberations that raise important considerations that 
can influence these benefit versus risk evaluations, although this is done in the 
area of EHDI in the paediatric population.

6.4. Benefit versus risk of ototoxicity 
vigilance

Assessments of risk–benefit calculations in pharmacology are well recognised 
and recorded, where risk–benefit assessments refer to the appraisal of safety 
indicators in the health care industry, be it medical or surgical signals or both 
(Guo et al. 2010). Within the South African audiology community and those of 
other LMICs, careful positioning of pharmaco-audiology within the preventive 
health care model is needed, where clarity of the role of the audiologist within 
the team is provided as part of the risk–benefit evaluation of treatment 
methods. Khoza-Shangase (2017) argued that this repositioning should ensure 
that audiologists become core and central members of the multidisciplinary 
and multi-stakeholder team, rather than their current peripheral role, 
specifically when risk–benefit assessment is made of medications that have 
been proven to be or have potential to be ototoxic in nature.

In a paper titled Risk versus Benefit: Who assesses this in the management 
of patients on ototoxic drugs?, Khoza-Shangase (2017) highlights important 
strategic indicators and factors that audiologists must reflect on to engage in 
more meaningful ways with the process of preventive pharmaco-vigilance. 
This author highlights the importance of carefully considering the risk–benefit 
of medications prescribed to treat diseases within LMICs, particularly those 
that create the biggest burden of disease. With recent South African evidence 
indicating increasing momentum towards ototoxicity monitoring within 
the clinical and research communities, although this is non-systematic, non-
comprehensive and non-strategic in nature (Khoza-Shangase & Masondo 
2020); the value of risk–benefit assessments is highlighted. Alongside risk–
benefit evaluations, considerations of challenges impeding efficient OMPs 
must be addressed. Challenges to be considered include the absence of 
audiologists in the risk–benefit assessment of treatments during the drug 
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development and monitoring process, lack of appropriate resources such as 
assessment equipment and alternative treatments, as well as capacity versus 
demand challenges where limited numbers of audiologists in the country 
(Pillay et al. 2020) limit their involvement in preventive ear-and-hearing health 
care. Additionally, the challenge with the restricted collaborative engagement 
of audiologists with the rest of the members of stakeholders involved in the 
treatment of patients on ototoxic medications, including paraprofessionals, 
also needs scrutiny, particularly because this is aimed at safeguarding both 
quantity and QoL of patients on ototoxic medications.

Within the South African context, where evidence indicates significant 
health challenges within the public health care sector (Maphumulo & Bhengu 
2019), risk–benefit evaluations are paramount. The challenges within the 
public health care sector have been documented to include (1) inadequate 
and insufficient workforce; (2) inadequate health care professional-to-patient 
ratios; (3) limited well-functioning public health care facilities; (4) overall 
scarcity of resources for the population size with consequent demand versus 
supply incongruence; (5) difficulties with converting knowledge and policies 
into practice for numerous reasons, including dilemmas with the influences of 
language and culture in health care; and (6) risk–benefit evaluation quandaries 
(Coovadia et al. 2009; Khoza-Shangase et al. 2020; Khoza-Shangase & 
Masondo 2020; Khoza-Shangase & Mophosho 2018, 2021; Maphumulo & 
Bhengu 2019; Mayosi et al. 2012; Pillay et al. 2020; Scheffler et al. 2009). 
Maphumulo and Bhengu (2019) argued that although numerous quality 
improvement programmes have been implemented in South African 
health care over the years, the desired level of quality service delivery has not 
been achieved; therefore, these authors stress the importance of the South 
African government making sure that the application of National Core 
Standards is done efficiently – and this includes monitoring outcomes of 
treatments for adverse effects.

Although ototoxicity may not qualify as a ‘more severe side effect’, it still 
demands significant focus by the clinical and research community to facilitate 
ethical clinical care of patients in addition to clinical care (Khoza-Shangase 
2010a:575). For a side effect to be regarded as a serious adverse event, 
literature lists a number of any untoward medical incident, regardless of the 
dose taken, that can cause patient death, threatens the patient’s life, causes 
hospitalisation or extends hospitalisation and leads to permanent or major 
incapacity or disability (Moore, Cohen & Furberg 2007; Nebeker, Barach & 
Samore 2004; Tsintis & La Mache 2004). Although ototoxicity does not quite 
fall neatly within this definition, Khoza-Shangase (2017) asserted that it does 
fall under the adverse effects as it is a permanent or major disability to the 
person impacted, regardless of the fact that the person’s life is saved by 
the same ototoxic medication (preventative health care benefits) and hence 
the importance of risk–benefit evaluation.
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6.4.1. Evaluation of benefit versus risk
The procedure that is adopted to guarantee that all medications prescribed to 
patients are carefully monitored in terms of their effectiveness and examined 
for their negative side effects is referred to as the evaluation of risk–benefit. In 
audiology, this denotes ototoxicity monitoring (Bankaitis & Schountz 1998). 
One component of the risk–benefit evaluation process comprises the 
evaluation of positive effects or efficacy (comparative evaluation of benefits) 
and potential harm (risks) of drugs performed early during the drug research 
and development period, and this is of utmost significance in pharmacology 
(Juhaeri 2019; Kürzinger et al. 2020). It is well recognised that standard clinical 
trials must be conducted on all novel experimental drugs, with concessions 
made for medications explicitly produced for serious diseases and illnesses. In 
cases such as these, as observed during the COVID-19 pandemic, the United 
States of America’s FDA, and within the South African context, SAHPRA might 
create an allowance to the standard clinical trial process to speed up the risk–
benefit evaluation process of hopeful experimental medications (Blaschke 
et al. 1995; Cassidy et al. 2020; Rome & Avorn 2020; Thomson & Nachlis 2020).

It is an understandable expectation that the obligation for risk–benefit 
evaluation rests with the manufacturers whose drug evaluation processes 
should be continuous (including monitoring during the post-authorisation 
period). The main objective is to enhance treatment benefits as well as 
guarantee that adverse events or safety hazards are significantly reduced if 
complete eradication is impossible (Eichler et al. 2008). However, Khoza-
Shangase (2017) argued that long-term negative QoL impacts of drugs might 
not be effortlessly detected without specialised, precise testing, which is 
commonly performed by qualified health care professionals, as with 
audiologists in ototoxicity assessments. These professionals do not normally 
form part of the initial phases of the drug testing and development process; 
therefore, it is vital that such risk–benefit assessments are all-inclusive and 
continuous, with the involvement of all applicable health care professionals. 
Within a resource-constrained context, like South Africa, where the capacity 
versus demand challenges exist, the health care professionals might need to 
be extended to include paraprofessionals. This extension might best be 
accomplished within a hybrid task-shifting tele-audiology model of health 
care service delivery, where trained paraprofessionals perform the ototoxicity 
monitoring under tele-audiology supervision and programme management 
by audiologists (Khoza-Shangase & Moroe 2020; Khoza-Shangase, Moroe & 
Neille 2021).

Protocol dictates that risk–benefit evaluation should, at the very least, be 
performed by a group of stakeholders that includes the patients, relevant 
health care practitioners advocating for their patients, researchers, 
pharmacologists, as well as regulatory authorities in charge of drug approval 
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(Guo et al. 2010; Juhaeri 2019; Khoza-Shangase 2017; Khoza-Shangase & Stirk 
2016; Kürzinger et al. 2020; Nebeker et al. 2004; Tsintis & La Mache 2004). 
Each of the members of this group of stakeholders can be influenced by 
several factors in their decision-making around risk–benefit evaluation. This is 
especially true within LMIC contexts where infinite challenges to quality health 
care exist, where the idea of universal health care coverage is a dream rather 
than a reality and where significant innovation is required to make it an 
attainable goal (Benatar & Gill 2021).

6.4.2. Influencing factors to risk–benefit evaluation
Several factors have been branded to influence risk–benefit evaluation, and, as 
depicted in Figure 6.1, these include (1) nature of the problem, (2) reason for 
drug use and population requiring treatment, (3) financial factors, (4) 
stakeholders with interests in the drug and (5) time, data and resources 
limitations (Council for International Organizations of Medical Sciences 
[CIOMS] 1998; Tsintis & La Mache 2004).

Risk–benefit
evaluation factors 

Nature of the
problem  

Financial factors

Time, data, and
resources

limitations  

Reason for
drug use and
population
requiring

treatment 

Stakeholders with
interests in the 

drug

Other ...

FIGURE 6.1: Factors that influence risk–benefit evaluation.
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Khoza-Shangase (2017) carefully reviewed these factors as follows:

1. Nature of the problem: This describes the severity of the speculated 
negative drug reaction as well as its potential hazard to the individual’s 
life. Because QoL adverse reactions such as auditory and vestibular side 
effects are less prioritised and not ordinarily included under adverse 
reactions, the nature of the problem can be limiting. Therefore, careful 
deliberations around the inclusion of QoL indicators, such as hearing and 
balance function, in the risk–benefit evaluation are required during the 
drug development and approval processes.

2. Reason for drug use and population requiring treatment: Ear-and-hearing 
health care professionals, such as audiologists, should be knowledgeable 
about which medications possess elevated acceptable risk and all the 
circumstances where there are no reasonable therapeutic alternatives. This 
awareness will guide the planning and development of efficient ototoxicity 
monitoring and management programmes. Where lifesaving of self-
preservation is the goal of the treatment, and no alternative is 
available, pre-treatment counselling, monitoring and early intervention 
become essential.

3. Financial factors: In financial terms, these factors involve weightings and 
compromises aimed at economic efficiency. Specifically, differences 
between costs and benefits are calculated, as part of risk–benefit evaluation, 
with cost utilised for an individual who reacts similarly to different drugs 
(CIOMS 1998). These financial factors are particularly significant in risk–
benefit assessments, especially in LMICs like South Africa. In LMICs, health 
departments may possibly approve drugs with less than satisfactory risk–
benefit balances because of their lower costs when compared to their 
alternatives (Coovadia et al. 2009; CIOMS 1998; Mayosi et al. 2009; Tsintis & 
La Mache 2004). It is for this reason that the role of the audiologists under 
LMIC contexts as lobbyists should be heightened and centralised. 
Audiologists’ role at this stage would be to ensure that economic factors 
are not miscalculated because of the exclusion of QoL indicators (e.g. 
ototoxicity) by pharmaceutical companies during the drug development 
process. A QoL indicator, such as a permanent hearing loss, can raise 
substantial economic implications for both the patient and the State if 
preventive efforts are not successful. For the patient, vocational performance 
can be negatively affected, which may lead to poor work productivity or 
loss of employment, and for the State, the country’s economy can be directly 
impacted, and the rehabilitation costs and social/disability grants crippling.

4. Stakeholders with interests in the drug: There are numerous groups that 
have a vested interest in the risk–benefit evaluation, and these include 
patients, ethics committees, regulatory authorities, doctors, pharmaceutical 
companies, pharmacologists, other public health care bodies, consumer 
groups and medical aids (CIOMS 1998). Because all these groups may have 
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diverse perspectives on the risk–benefit assessment of medications, it is 
vital to have knowledge of who formed the evaluation team for a certain 
drug. Khoza-Shangase (2017) argued that the patient’s perspective should 
be at the forefront as objective audiological data collection for ototoxicity 
and vestibular toxicity is obtained from the patient. In the South African 
context, sensitivity to contextual factors (including influences of linguistic 
and cultural diversity) and social determinants of health are important in 
this process. Evidence indicates that two patients subjected to the same 
risks and benefits may have diverse perceptions and acceptance of the risk 
and may also make diverse decisions around the risk (Colopy et al. 2015; 
Juhaeri 2019; Kürzinger et al. 2020). Moreover, linguistic and cultural 
diversity within health care delivery in the South African context may 
compound this level of risk evaluation (Khoza-Shangase & Mophosho 
2018). Regardless of these factors, the risk associated with a drug that a 
patient is taking must be conveyed to the patient so that the patient is able 
to provide informed consent for treatment and also because appropriate 
pre-treatment counselling regarding adverse effects has been linked to 
positive drug adherence (Higashi et al. 2013).

5. Time, data and resource limitations: Where the possible major adverse 
event is urgent, time, data and resources are acutely important. Because 
ototoxicity may not be viewed as a major adverse event, time may not 
be argued as an urgency; however, data and resources may be. Adequate 
data on comparator drugs, alternative treatments or additional treatment 
modalities must be acquired as soon and as realistically fast as possible. For 
this to occur, sensitive, valid and reliable standard ototoxicity monitoring 
practices must be in place nationally, especially in clinical sites where the 
risk of ototoxicity is high. In such setups, large databases that can facilitate 
simple reviews of adverse drug reactions can be collated in a standardised 
manner (Khoza-Shangase & Masondo 2020). The current status of 
ototoxicity monitoring in South Africa is comprised of limited and non-
standard OMPs and would have a significantly negative influence on risk–
benefit assessments of any drug, directly impacting successful preventive 
audiology initiatives within this context. In addition to standardising 
ototoxicity monitoring protocols, South African audiologists would need 
to be innovative in addressing the equipment constraints and human 
resources (capacity versus demand) challenges. This entails adopting 
innovative health care service delivery approaches such as task-shifting 
and tele-audiology (Hollander et al. 2020; Khoza-Shangase et al. 2020; 
Khoza-Shangase & Stirk 2016; Sebothoma et al. 2021).

6.5. Solutions and recommendations
To guarantee that systematic data are gathered for evidence-based practice 
within the South African context, Khoza-Shangase (2020a) suggested an 
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ototoxicity monitoring protocol. This author suggests that systematic data 
collation through such a protocol has substantial implications for the South 
African audiologists’ ability to advance their role in drug development and 
risk–benefit evaluation processes. This expanded role of audiologists is 
particularly feasible now that South Africa has developed national guidelines 
on the assessment and management of patients on ototoxic medications 
(HPCSA 2018).

Over and above pharmaco-vigilance, preventive audiology within 
ototoxicity rehabilitation within the South African context should include 
more than early detection, constant monitoring and lessening or averting 
hearing loss but should also incorporate planning of appropriate early 
rehabilitative measures (Khoza-Shangase 2020a). Delayed diagnosis of 
ototoxicity has been reported as the principal challenge in this process 
because of the highly diverse and unpredictable nature of its presentation 
(Ganesan et al. 2018; Govender & Paken 2015; HPCSA 2018; Khoza-Shangase 
& Masondo 2020, 2021). Over and above the diverse and unpredictable nature 
of ototoxicity, additional factors such as culturally influenced health-seeking 
behaviours, age, medical conditions and cognitive levels may delay early 
diagnosis (Ganesan et al. 2018; Harris et al. 2012; Khoza-Shangase 2013; 
Khoza-Shangase & Mophosho 2018). It is, therefore, imperative that all 
contextual factors be taken into consideration, together with risk–benefit 
evaluation outcomes, when planning and implementing a structured 
programmatic, burden-of-disease-linked OMP.

The HPCSA’s guidelines (2018) suggested that an ototoxicity programme 
should always commence with informational counselling where patients’ 
awareness around ototoxicity symptoms is raised. This process involves 
educating campaigns where patients are taught what symptoms to look out 
for to report to the attending health care professionals, such as audiologists, 
pharmacists, nurses, doctors and paraprofessionals involved in their clinical 
care. These guidelines further highlight that, although symptom awareness 
training is important, the fact that ototoxicity can go unnoticed until it has 
caused significant damage stresses the importance of objective clinical 
assessments that afford health care practitioners with audiometric data to 
enable comparison of function before, during and after the drug administration.

The current status of ototoxicity monitoring in South Africa is sub-optimum 
and requires urgent attention for preventive programmes to be successful. 
This reality is despite the availability of the HPCSA (2018) national guidelines. 
Besides ensuring comprehensive and standardised implementation of 
national guidelines, the South African audiology community needs to attend 
to the pressing challenges that are deemed responsible for the limited 
availability of programmes and lack of adherence to national guidelines – 
capacity versus demand and equipment limitations (Khoza-Shangase & 
Masondo 2020; Khoza-Shangase & Stirk 2016; Pillay et al. 2020). As far as the 
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capacity versus demand challenge is concerned, the use of trained non-
audiological screeners (paraprofessionals) to implement OMPs adhering to 
recommended guidelines should be seriously considered. In a recent 
retrospective record review study by Stevenson et al. (2021), an OMP 
conducted by CHWs was found to be limited as it fell short of meeting 
recommended guidelines such as performance of baseline measures, 
conducting repeated measures at recommended intervals and timeframes, 
inclusion of ultra high-frequency (UHF) measures, and other important 
recommendations, including efficient record-keeping that is crucial in an OMP. 
The author believes that this could have been because of the lack of training 
of CHWs and the lack of audiologists’ involvement in the running and 
management of the programme that has been raised about this particular 
programme. Although one strategy of addressing the human resources 
challenge is the utilisation of paraprofessionals, it is important that this is done 
within a tele-audiology health care service delivery model with audiologists as 
programme managers responsible for training, supervision and monitoring 
programmes from remote locations. Chapters 2, 3 and 5 deliberate on this 
approach for preventive audiology in other areas within the scope of audiology.

Within the large audiologists neglected HCPs in the South African context, 
Khoza-Shangase (2020a) asserted that if ototoxicity monitoring does not 
become incorporated into the treatment programmes of workers with HIV, 
AIDS or TB, workers’ hearing is placed at a higher risk, with ONIHL outcomes 
being far worse (Khoza-Shangase 2020c). These negative consequences 
would be because the workers have not benefitted from various treatment 
options, including the prescription of alternative TB drugs such as bedaquiline 
(Khoza-Shangase & Prodromos 2021), as well as reduced dosages or altered 
treatment regimens (Lonsbury-Martin & Martin 2001) – all aimed at addressing 
both quantity and QoL of the infected individual. Other immediate preventive 
measures, such as redeployment of an employee to a less noisy environment 
while they are under ototoxic treatment, cannot be applied, thus failing to 
reduce the risk by circumventing the synergistic effect of noise exposure and 
ototoxic drugs on the ear (Boettcher et al. 1987; Li & Steyger 2009; Morata 
2007). Hearing conservation programmes, therefore, need to be cognisant of 
the complexity of ONIHL as an occupational health condition and the 
significance of paying attention to the influence of the burden of disease and 
the treatments involved on preventive audiology outcomes. Hearing 
conservation programmes that are naïve to the influence of the burden of 
disease fail to guarantee stricter monitoring of workers, customised 
administrative controls for target workers and consideration of alternative 
protective measures for workers at increased risk, such as prescription of 
otoprotective agents. All this evidence raises policy and practice review 
implications in the conceptualisation and implementation of HCPs within this 
context (Khoza-Shangase 2020a).
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As guided by the HPCSA (2018) guidelines, which are comparable with 
international ototoxicity monitoring guidelines from HICs, for example, ASHA 
and the American Academy of Audiology, ototoxicity monitoring protocols 
must be implemented in a manner that allows for simple analysis and 
comparison of the data collated, so that findings can facilitate evidence-based 
decision-making that guarantees that preventive targets are achieved. Included 
in such protocols should be reliable and sensitive measures such as extended 
UHF audiometry and diagnostic otoacoustic emissions, performed in clinical 
environments with efficient record-keeping systems in place for longitudinal 
data analysis. Such protocols will ensure early detection of subclinical changes 
in hearing function, facilitating medical interventions such as drug and or 
dosage alterations, as well as potential utilisation of otoprotective agents and 
so on, to slow down and or eliminate ototoxicity (Khoza-Shangase 2020a).

The HPCSA (2018) guidelines advocate that patients should undergo pre-
treatment baseline measures to record current hearing thresholds. Baseline 
measures are important for use when tracking hearing thresholds during and 
after treatment. The guidelines recommend that repeated measures should 
be conducted bi-weekly, with a plan in place to conduct a comprehensive 
assessment within 24 h or before the next scheduled treatment on the patient 
should their thresholds worsen when compared to baseline data. Grading 
criteria for significant ototoxic changes in the patient’s hearing thresholds 
should be predetermined, and this allows for the severity of the hearing 
threshold shift to then be graded in accordance with the adverse event scale 
specific to hearing, as recommended in the guidelines (HPCSA 2018). To ensure 
that the patient is not lost to follow-up and late-onset ototoxicity is not missed, 
for patients where a shift was detected, the HPCSA guidelines recommend 
that follow-up assessments be repeated once monthly until stabilisation in 
hearing function is achieved, and no additional change is measured. For 
continuity of care, as far as medical management and aural rehabilitation of 
the patient with ototoxicity is concerned, the HPCSA guidelines advocate for 
a multidisciplinary team approach where the main goal is to adopt a 
comprehensive management plan for the patient (HPCSA 2018).

Khoza-Shangase (2020a) suggested an ototoxicity monitoring protocol 
for the South African context. This tabulated protocol specifies equipment 
and resources, functions of each, as well as pass and referral criteria that can 
be used as a checklist for the establishment of OMPs. Although this protocol 
is specific to the HIV and AIDS population, it is generalisable to most 
populations at risk for ototoxicity within this context. This protocol considered 
the validity and reliability of the assessment measures, accessibility, as well as 
feasibility of implementation within the South African context and is guided 
by contemporary evidence on the presentation of ototoxicity in this population. 
Firstly, this protocol presupposes adherence to national as well as international 
audiological and health and safety norms and standards. Next, the protocol 
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recommends measures that consider resource constraints such as time, 
human resources, and specialised equipment availability, over and above 
conventional audiometry. Finally, the protocol has considered the impact of 
linguistic diversity by excluding speech audiometry. The current lack of 
appropriate speech audiometry tools and incongruence between languages 
spoken by audiologists versus patients’ was an important consideration in this 
protocol – in the interim, until these challenges have been addressed.

Accuracy and validity of results in an OMP also rely on appropriate 
equipment calibration over and above control for patient variables such as 
confounding variables such as the burden of disease, noise exposure, age and 
genetic risk factors, to name a few. During all audiological evaluations, 
standard precautions are similar to those recommended by Hall (2000) and 
Bess and Humes (1990). These precautionary processes comprise efficient 
equipment care and calibration, optimise testing environments that entail 
testing in a soundproof booth or sound-treated space where noise levels are 
monitored and correct transducer placement including proper DPOAE probe 
placement and considerations of the transducer type for UHF test-retest 
reliability (Khoza-Shangase 2020a). For enhanced validity and reliability, it is 
also advantageous to control for the influence of fatigue on behavioural 
audiometry testing by testing all patients in the mornings (Khoza-Shangase 
2011; Schellack et al. 2015), especially because most of the patients on ototoxic 
medications are frequently clinically unwell during these monitoring sessions.

Once the OMP is in place, it is vital to have clear guidelines regarding 
medical intervention in the programme (ASHA 1994; Campbell 2004; HPCSA 
2018; WHO 2017). If ototoxicity is detected early with consequent prompt 
medical intervention, the additional decline of hearing thresholds to the extent 
of affecting lower frequencies that are crucial for speech understanding may 
be reduced (Campbell 2004; Duggal & Sarkar 2007). Specific to multidrug-
resistant tuberculosis (MDR-TB) burden of disease, the WHO (2014a) 
emphasised the significance of active surveillance for established adverse 
side effects of MDR-TB treatment through close monitoring programmes. 
Audiologists involved in OMPs should have appropriate guidelines for specific 
burdens of disease, for example, cancer and HIV and or AIDS, in place. Should 
adverse effects be detected early in MDR-TB, the WHO (2014a) suggested 
intervention approaches. These approaches, as far as ototoxicity intervention 
is involved, include the following:

1. Record hearing thresholds and compare them to the pre-treatment 
audiogram.

2. Where early signs of ototoxicity are recorded:
 Raise the dosing interval from, for example, every day to three times a 

week.
 Replace an aminoglycoside with capreomycin if it was the initial 

injectable in the regimen.
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3. If hearing thresholds continue to worsen regardless of the said 
modifications, stop the injectable drug and add other agents to enhance 
the regimen of the drug.

In the amended MDR-TB treatment protocol, drugs that have shown to be 
minimally ototoxic such as linezolid and bedaquiline have been spotlighted as 
first-option drugs. Bedaquiline is a significant breakthrough in TB treatment as 
the first drug in the new classes of TB treatments since 1971 developed 
specifically for MDR-TB (Danckers et al. 2014). The amended MDR-TB treatment 
protocol has not been nationally implemented in numerous countries because 
it is expensive, although it has been approved by the WHO (Bistline 2018; WHO 
2019). The limited national roll-out of bedaquiline is said to be because of 
multiple barriers to programmatic introduction such as ‘[…] technical expertise 
and guidance, confusion about pharmaco-vigilance requirements, challenges 
with registration and import and difficulties obtaining the other medications 
needed for successful treatment outcomes’ (Guglielmetti et al. 2017, p. 167). 
Nonetheless, South Africa is ahead of the pack as the first country worldwide 
to have adopted the amended MDR-TB treatment protocol in its national TB 
treatment policy (Bistline 2018; Guglielmetti et al. 2017; McKenna 2018; WHO 
2019), and this protocol adoption has positive implications for patients with 
MDR-TB and the role of audiologists in their management, particularly because 
bedaquiline is prescribed only when changes in hearing function are noted; not 
as a first-line drug yet.

In Khoza-Shangase et al.’s (2020) study investigating the impact of 
medical interventions for reducing ototoxicity during treatment for MDR-TB 
in South Africa, results provided evidence encouraging vigilant and consistent 
utilisation of preventive medical intervention procedures to preserve hearing 
function during treatment with ototoxic drugs. In this study, frequently 
implemented medical intervention strategies proved to be considerably 
useful as preventive measures. These strategies included dosage reduction 
and discontinuing the ototoxic drug, substituting it with a less toxic drug 
(bedaquiline). Such contextually relevant findings have the potential to 
positively sway political will through the delivery of evidence that clearly 
promotes early ototoxicity detection and monitoring. In another South 
African study, where the aim was to describe the audiological function in 
adult patients with MDR-TB on bedaquiline treatment, the less ototoxic 
nature of bedaquiline was established (Khoza-Shangase & Prodromos 2021). 
Such evidence has implications for risk–benefit evaluations within a resource-
constrained context like South Africa.

For risk–benefit evaluation, it is important that the audiology research and 
clinical communities perform context scoping exercises, risk–benefit and 
options evaluations, as well as make a determination on appropriate options 
available for the context, as depicted in Figure 6.2.
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As far as scoping the context is involved, specifications and descriptions of 
the medicines and where these are sold or prescribed within the South African 
context should be determined (Juhaeri 2019; Kürzinger et al. 2020). As new 
medicines continuously get introduced into the market, continuous updating 
of this data must occur, with a careful recording of indications for the 
prescription that is founded on influences such as the burden of disease and 
the various levels of care within the South African context. Once indications 
for prescription have been determined, one or more less ototoxic substitute 
drugs or treatment modalities (including surgical intervention) must be 
identified. Finally, scoping the context also involves determining and 
categorising features of ototoxicity and vestibular toxicity, such as the time of 
onset and development, as well as the severity of hearing loss, vertigo, tinnitus 
or any grouping of these symptoms.

As far as benefit evaluation in risk–benefit assessment is concerned, Khoza-
Shangase (2017) maintained that, although it does not commonly concern 
audiologists, it remains an essential consideration for audiologists working in 
ototoxicity. Benefit evaluation entails research into the incidence or prevalence, 
as well as the development course of the target illness or disease. This process 
also involves determining the function of the drug (prophylaxis, cure, etc.) 
and how this affects toxicity tolerance (Colopy et al. 2015; CIOMS 1998; Juhaeri 
2019; Kürzinger et al. 2020). Moreover, the benefit evaluation includes a 
process of contrasting efficacy data and universal toleration data to alternative 
treatments, where alternative treatments include interventions such as surgery 
or other interventions and the choice of no treatment (CIOMS 1998; Tsintis & 
La Mache 2004).

As far as risk evaluation, the audiologists’ role must be repositioned to 
be more meaningfully and more centrally located in the risk–benefit 
evaluation process. This aspect of the process becomes the locus of the 
establishment of the weight of evidence for the suspected risk (in this case, 

FIGURE 6.2: Stages of risk–benefit evaluation in ototoxicity assessment and management within the 
South African context.
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ototoxicity) as far as prevalence or incidence are concerned. Here, ‘risk 
profiles’ and their frequent reactions for the specific ototoxic drugs as well 
as parallel profiles for substitute treatments are documented, and 
comparisons are made between these drugs (CIOMS 1998; Tsintis & La 
Mache 2004). Proper and accurate comparisons rely on efficient record-
keeping, as alluded to earlier. These records would include longitudinal 
data of audiograms and distortion product grams, with careful cognisance 
of confounding variables such as concomitant treatments, noise exposure 
and ageing, in the interpretation, hence the importance of efficient record-
keeping systems (Khoza-Shangase 2020a; Khoza-Shangase et al. 2020; 
Ntlhakana, Khoza-Shangase & Nelson 2020; Perez 2015). The ability to 
prevent, forecast and reverse ototoxicity is another aspect of risk evaluation 
that must be considered, with approaches such as the utilisation of oto-
protectors, dose modification, frequency and methods of administration 
changes being important strategies that can be adopted (Le Prell et al. 
2014; Perez 2015). Moreover, at this point, considerations around alternative 
therapies, including the option of no treatment, are engaged with. Within 
the South African context, as earlier presented, bedaquiline is one such 
alternative therapy (Conradie et al. 2014; Khoza-Shangase & Prodromos 
2021).

The above-listed considerations facilitate systematic and comprehensive 
risk–benefit evaluation that leads to effortless summarisation of the treatment 
goal, treatment efficacy and treatment benefits. Furthermore, the risks’ 
prevalence, duration, incidence, and severity are outlined. A risk–benefit 
summary is also calculated with all considerations listed, considering 
alternative therapies and no treatment options.

Once the risk–benefit relationship has been determined, option analysis 
becomes the last step in the risk–benefit evaluation that audiologists must 
participate in. At this stage, an options list is compiled, and this list must entail 
all suitable options for action, a portrayal of advantages and disadvantages and 
possible outcomes of each option being considered (impact analysis), as well 
as recommendations on consequence monitoring or assessment methods 
(CIOMS 1998). This options analysis process meets significant barriers for 
audiologists in LMICs because of the influence of limited financial resources on 
unrestrained priorities number. Regardless of this reality, existing options 
incorporate (1) no change where evidence of ototoxicity concern is absent; (2) 
‘watching and waiting’ where tracking of future ototoxicity presentation is done 
to collate additional evidence; (3) rigorous extra data collection/new studies 
conducted through the use of standardised protocols; (4) alterations to the 
medicine or its utilisation or modifications to the drug information; (5) limitation 
of drug accessibility, pausing of drug licence or experimental-status permission, 
voluntary or forced removal of the medicine from the market; as well as 
(6) announcement of new or bolstered information to the relevant stakeholders 
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such as health care professionals or the general public about the outcomes of 
risk–benefit evaluation of a specific drug (Colopy et al. 2015; CIOMS 1998; 
Khoza-Shangase 2017; Kürzinger et al. 2020; Tsintis & La Mache 2004).

It is recommended that principles such as equity, accountability and 
objectivity should direct all decisions made during the process of risk–benefit 
evaluation, where collaborative decision-making is done by relevant 
multidisciplinary teams and several stakeholders (Coplan et al. 2011; Juhaeri 
2019; Khoza-Shangase 2017; Kürzinger et al. 2020; Tsintis & La Mache 2004). 
These principles should guide audiologists during the mandatory pre-treatment 
counselling where ototoxic drugs are prescribed to safeguard that informed 
consent is obtained from the patient. Although limited minimally ototoxic 
alternative treatment options are accessible, particularly in LMICs, it is still an 
ethical duty that patients are counselled pre-treatment on possible negative 
side effects of the drugs on auditory and vestibular function. This raised 
awareness of anticipated ototoxicity symptoms will expediate early detection 
and diagnosis of ototoxicity as the patient may be knowledgeable and, thus, 
more likely to adhere to attending ototoxicity monitoring appointments. Khoza-
Shangase and Jina (2013) also claimed that pre-treatment counselling also 
encourages treatment adherence as the probability of defaulting on treatment 
because an experience of uncomfortable, unexplained, unanticipated and 
unknown negative effects is significantly lessened.

In preventive audiology care during treatment with ototoxic medication, 
early detection of the damage remains crucial even though the drug-induced 
damage to the cochlear is unrecoverable. As part of primary prevention, early 
detection allows for the provision of intervention options such as altering the 
drug to a potentially less ototoxic regimen (as in the case of bedaquiline in 
MDR-TB treatment), preparation of audiological intervention and where 
significant hearing impairment has occurred, provision of amplification devices 
may be the only intervention choice and so on. Konrad-Martin et al. (2014) 
supported this position when they asserted that an efficient OMP is one that 
also makes audiological rehabilitation post-treatment easier, particularly 
because a good rapport between the audiologist and the patient would have 
been established already during the repeated assessment sessions.

As far as medical intervention is concerned, efforts towards the development 
of therapeutic agents that are not toxic to the ear should be increased by 
research, clinical as well as pharmaceutical communities, with systematic 
research trials in place to enhance the range and level of evidence collated for 
accurate risk–benefit assessments within the South African context (Khoza-
Shangase 2017). Additionally, these increased efforts should extend to the 
development of and investigations into otoprotective agents that are crucial 
in the toxicity-related prevention of hearing loss, including compounds such 
as d-methionine (sulphur-containing compound), ACE magnesium and 
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N-acetylcysteine (HPCSA 2018; Kros & Steyger 2019; Le Prell et al. 2014; Sheth 
et al. 2017). Moreover, these investigations should include research into 
restorative care, which comprises hair cell regeneration through neurotrophins 
(Wissink et al. 2006; Zheng & Gao 1996). These protective and restorative 
intervention approaches are particularly of significant relevance in LMIC 
contexts for tactical cost saving for the State through the elimination of 
expenditures linked to lawsuits, procurement of assistive devices, rehabilitation 
and social grants in the long term.

6.6. Conclusion
Hearing function can be affected by drugs or medications used to treat certain 
conditions, and pharmaco-vigilance in the form of ototoxicity monitoring 
becomes imperative in resource-constrained contexts such as LMICs, where 
the burden of disease is high and health care priorities compete with many 
other priorities in resource allocation. With the high burden of diseases such 
as TB, cancer, HIV and AIDS in South Africa, ototoxicity is one morbidity 
requiring careful preventive measures as it is preventable, and/or its degree 
and effects are significantly minimisable if early detection and intervention 
protocols are followed. The associations that have been established between 
treatments of the listed conditions and ototoxicity call for carefully constructed, 
implemented and monitored OMPs that take cognisance of contextual realities 
as described in this chapter. Considerations of contextual realities will ensure 
contextual relevance and responsiveness of protocols and programmes 
adopted towards preventive audiology goals.

Although the HPCSA released guidelines on the assessment and 
management of patients on ototoxic medications (HPCSA 2018), contemporary 
evidence from the South African context indicates significant challenges with 
the feasibility of implementation because of various factors. However, 
sufficient evidence exists to support the establishment and adoption of a 
clear national pharmaco-audiology vigilance strategy, where audiologists are 
centrally located. The current chapter has proffered careful deliberations 
around pharmaco-vigilance as one of the key preventive audiology strategies 
within the South African context. Considerations around risk–benefit 
evaluations of ototoxicity monitoring have been advanced, with thoughts 
around the role of task-shifting and tele-audiology in the implementation of 
ototoxicity monitoring and management in preventive health care initiatives 
shared. The chapter has proposed solutions to challenges raised, with a 
recommendation of an ototoxicity monitoring protocol that can be applied 
within this context to guarantee systematic data collection that can be utilised 
for evidence-based development. Such an evidence base will facilitate best 
practice and contribute towards early identification and intervention of 
ototoxic hearing loss within this population.
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Audiologists should play a significant and strategic role in this process by 
establishing efficient OMPs with efficient data management systems that 
allow for contextually relevant evidence to be developed. The contextual 
relevance should take cognisance of the burden of disease influence on 
ototoxicity, over and above relevant resources required for appropriate data 
collection that can be used in risk–benefit evaluations. The role of audiologists 
in risk–benefit evaluation needs lobbying and advocating, similarly to their 
expanded involvement in drug development, approval and monitoring 
processes for both new and marketed drugs. This expanded role of audiologists 
will facilitate their engagement in Advisory Panels on benefit, risk and cost 
analysis and management of potentially ototoxic therapeutic, with them 
offering advice on public education and awareness programmes on ototoxicity. 
All these recommendations raise important implications for the audiology 
training curricula at both undergraduate and postgraduate levels, as well as 
implications for continued professional development initiatives in South Africa.
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7.1. Introduction
There are 466 million individuals with hearing impairment globally, which 
equates to approximately 6.1% of the world’s population. Of these individuals, 
7% are children (WHO 2020a, 2020b). The main regions affected by disabling 
hearing impairment (>40 dB in adults and >30 dB in children) are South Asia, 
Asia Pacific and sub-Saharan Africa, with prevalence rates that are almost four 
times that of higher income regions (WHO 2018a). Unless appropriate public 
action is taken to address hearing impairment, these figures could increase. 
Projections by the WHO suggest that the number of individuals with hearing 
impairment could increase to 630 million by the year 2030 and to 2.5 billion 
by the year 2050 (WHO 2020a, 2020b, 2021).

The World Health Organization estimates that 60% of diagnosed hearing 
impairment is because of preventable causes, such as vaccine-preventable 
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diseases, ear infections, birth-related causes and ototoxic medication (WHO 
2016, 2021). More specifically, 30% of childhood hearing impairment results 
from infections and 17% from complications at birth. The remaining 13% of 
hearing impairment is related to ototoxicity, congenital non-genetic 
malformations and other maternal prenatal causes (WHO 2016). Prenatal and 
postnatal infections that account for 30% of childhood hearing impairment 
include rubella, cytomegalovirus, mumps, meningitis, measles and chronic ear 
infections, with meningitis and rubella collectively being associated with over 
19% of childhood hearing impairment (WHO 2016). Chronic ear infections are 
reported to occur mostly in countries in the South-East Asia, Western Pacific 
and African regions, where the prevalence may be as high as 46% (WHO 
2013). This high prevalence may be because of poor identification in primary 
care practice, poor or limited access to appropriate preventive interventions 
and comorbid factors such as malnutrition, HIV and exposure to contaminated 
water that increase the risk of developing these infections (Monasta et al. 
2012; Taipale et al. 2011). Complications at birth include lack of oxygen, low 
birthweight, prematurity and neonatal jaundice, which can be addressed and 
prevented through appropriate maternal and child health care practices (WHO 
2020a). These causes of hearing impairment may not be the same across 
countries, possibly contributing to the unequal distribution of prevalence 
rates of hearing impairment across the world (WHO 2013).

The proportion of hearing impairment associated with preventable causes 
is much higher in LMICs (75%) as opposed to HICs (49%) (WHO 2020a). This 
difference may be because of the overall higher occurrence of infections 
(e.g. rubella, mumps, measles, cytomegalovirus, etc.) in LMICs such as those 
within the sub-Saharan African region, and more effective maternal and child 
health care in HICs (WHO 2016). Furthermore, coverage and access to health 
health care services have been variable across Africa, especially among the 
lowest-income countries in this region. However, between 1990 and 2013, 
some countries have significantly increased health care coverage and made 
progress towards addressing barriers to health such as financial challenges 
(Dovlo 2020). These financial challenges have been addressed through an 
increase in the average government budget devoted to health. Increased 
health coverage is linked to SDGs.

The United Nations’ (UN) SDGs are the plans to achieve a better and more 
sustainable future for all and are aimed at addressing various global challenges, 
which are outlined by the 17 goals. These 17 goals include, but are not limited to, 
poverty, hunger,  health and well-being, gender equality, inequalities, climate 
change, education, and peace and justice (United Nations 2018). Health is 
centrally placed in the SDGs, more specifically SDG 3, which comprises 13 
targets. These 13 targets cover all major health priorities, namely those not 
achieved as part of the UN millennium development goals (MDGs), new health 
priorities including non-communicable diseases and environmental challenges 
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and implementation-related targets pertaining to health systems and UHC 
(WHO 2017). The drive towards SDGs and UHC has created opportunities for 
the strengthening of primary health care services and its workforce. However, 
regular monitoring of both SDGs and UHC will facilitate the identification of 
bottlenecks to implementation and subsequent amendments to related policies 
and plans (WHO 2017), which is vital when considering changing health 
priorities as a result of the burden of disease, as well as the role of social factors 
and inequalities on disease patterns (Bradshaw et al. 2019).

South Africa’s burden of the disease consists of communicable and non-
communicable diseases. Communicable diseases include HIV, AIDS and TB, 
maternal and child mortality and non-communicable diseases include 
hypertension and cardiovascular diseases, diabetes, cancer, mental illnesses 
and chronic lung diseases, as well as injury and trauma from violence (WHO 
2018b). WHO outlined four strategic priorities to be targeted in cooperation 
with South Africa between 2016 and 2020. These comprise (1) strengthening 
national efforts towards achieving UHC; (2) reduction in the prevention of 
communicable diseases (specifically HIV, TB, hepatitis and vaccine-preventable 
diseases); (3) support of the prevention of non-communicable diseases; and 
(4) supporting South Africa to meet its global health obligations and contribute 
to international health and development (WHO 2018b). While these strategic 
priorities (particularly the second and third) link to preventive health care 
associated with the burden of disease, it is important to consider the 
association between such diseases, their prevention and hearing impairment. 
Meningitis, measles and rubella are some of the infectious diseases that are 
still reported as significant determinants of hearing impairment in children in 
LMICs (Swanepoel, Koekemoer & Clark 2010). Addressing preventable causes 
of infant hearing impairment such as infectious diseases, environmental 
causes and poor prenatal and perinatal health care services are important in 
reducing the burden of hearing impairment, especially in LMICs (Olusanya 
2009). Preventive strategies related to infectious diseases, including 
immunisations and vaccinations that are reported to have the potential to 
assist in reducing infectious diseases contributing to hearing loss, with a 
consequent decrease in the rates of hearing impairment (Butler 2010). Hence, 
the significant burden of disease and the status of health care services within 
South Africa warrant consideration of preventive strategies for hearing 
impairment within the broader focus of preventive audiology with the aim of 
reducing the burden of hearing impairment.

Early detection of and intervention for hearing impairment should 
therefore be viewed within the broader primary, secondary and tertiary 
health care initiatives. This chapter will begin by describing the South African 
health care context. Thereafter, the various levels of prevention will be 
discussed, with a specific focus on their relation to EHDI. Preventive strategies 
(where applicable) will be discussed in reference to specific frameworks, 
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the national health strategy as well as the re-engineering of primary health 
care (PHC) within the South African context. Risk factors for hearing 
impairment will be discussed. Where relevant, these factors will be evaluated 
in terms of how they may be addressed within the broader health care 
context’s primary preventive strategies to minimise risks being realised as 
causes of hearing impairment. A secondary prevention strategy will be 
discussed for audiological screening and assessment. Alternatively, tertiary 
prevention strategies will be addressed to reduce difficulties associated with 
hearing impairment through early intervention (EI) health care services.

7.2. Health care in South Africa
Health care in South Africa is managed and steered by the DoH, which is 
responsible for health policy and derives its mandate from the constitution 
and the National Health Act (NHA) 61 of 2003 (Maphumulo & Bhengu 2019; 
Schellack et al. 2011). The NHA states the right for all to have access to health 
care services, which is an important consideration in preventive health care. 
More specifically, the NHA specifies patient rights within the health care 
system, namely:

1. the right to emergency medical treatment at the nearest health facility 
(whether private or public)

2. the right to full user knowledge related to one’s health status, the availability 
of procedures and their associated risks, costs and benefits, and the right 
to refuse treatment

3. the right to informed consent
4. the right to participation in decision-making regarding one’s treatment
5. the right to information about health care services for all across all provinces, 

districts, and municipalities
6. the right to confidentiality
7. the right to lay a formal complaint about treatment at a health facility. 

Apart from these rights, the NHA outlines the structure of the health care 
system, specifying the power and responsibility at national, provincial and 
district levels, and considers both public and private components of the 
health care system (Stevenson 2019).

The South African health care system comprises nine provincial health 
departments that are mandated to provide health care services (South African 
Government 2020b) and are responsible for the daily management and 
functioning of health care facilities (hospitals and clinics) and programmes 
(Stevenson 2019). The vision of the National Development Plan (NDP) is to 
ensure a long and healthy life for all South Africans. In line with this plan, the 
DoH focuses on sustainably expanding the prevention and treatment of HIV, 
AIDS and TB, renewing public health care facilities and ensuring the provision 
of specialised tertiary hospital services (South African Government 2020b).
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Aligned to the five health-related NDP goals is the DoH Strategic Plan 
2015–2020, which outlines strategic goals. These strategic goals include 
promotion of health and prevention of disease (with the reduction of the 
burden of disease), progress towards UHC through the NHI Scheme and 
improvement of health care facilities for NHI implementation, re-engineering 
of primary health care, improving health facility planning through 
implementation of norms and standards, improving financial management, 
development of an efficient health management information system, improving 
quality of care and improving human resources for health (DoH 2015). Within 
the time frame of the DoH Strategic Plan, the programmes recently funded 
and implemented by the DoH in 2018/2019 can be argued to have contributed 
toward primary and secondary prevention as a result of a focus on HIV, AIDS, 
TB and maternal and child health care. Other programmes were related to 
administration, NHI, primary health care services, hospitals, tertiary health 
care services and human resource development, and health regulation and 
compliance management. Despite programmes varying at the provincial level, 
programmes related to the DoH funding in 2018/19 included administration, 
district health care services, emergency medical services, provincial hospital 
services, central hospital services, health sciences and training, health care 
support services and health facilities management (Stevenson 2019). These 
general findings highlight the differences between national and provincial 
health plans and apportionment of funds as well as a possible lack of coherence 
in terms of prioritisation of health care needs. These findings are further 
supported by a study conducted in the Free State province, whereby 
stakeholders attributed poor disease and management outcomes to 
fragmented system operations and poor policy coordination in the public 
health care sector (Malakoane et al. 2020).

The health care system comprises public and private sectors, with an 
emphasis on primary health care (Schellack et al. 2011). The public health care 
sector serves or is accessed by the majority (84%) of the population; while the 
private health care sector serves only 16% of the population (Naidoo 2012). 
However, the number of health care professionals in both these sectors is 
disproportionate to the population being served, with approximately 30% of 
health care workers working in the public sector. This not only contributes to 
a considerably higher ratio of patients to health care professionals in the 
public sector (DoH 2011; Van Rensburg 2014) but also highlights the reality of 
a lack of and inequitable access to health care services by the large majority 
of South Africans.

The current South African two-tiered health system with public and private 
health care sectors has been critiqued for being unsustainable, with a paucity 
of financial and human resources. Despite increased access to public health 
care, the quality of services has been associated with dissatisfaction (DoH 2011; 
Naidoo 2012; South African Government 2018). The South African government 
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has promulgated a NHI bill (RSA) that will be gradually phased in, with the 
objective of improving access to quality health care service through UHC 
and strengthening and improving the under-resourced public sector 
(DoH  2011; Matsoso & Fryatt 2013). The NHI bill 2019 recommends the 
re-engineering of PHC that aligns with preventive care (RSA 2019). The 
re-engineered PHC services will predominantly be focused on community 
and home-based services which will be aimed at promotion, prevention and 
quality curative and rehabilitative health care services (DoH 2011). These 
health care service are proposed to be delivered through four streams, 
namely:

 • District clinical specialist teams: The district clinical specialist teams will 
aid the delivery of priority health care programmes at a district level as well 
as address the high maternal and child mortality rates (DoH 2011; Feucht 
2013; Naidoo 2012).

 • Integrated school health programmes: Integrated school health care 
programmes will be implemented through mobile clinics for school-aged 
children and will focus on a range of promotive, preventive and curative 
health care service inclusive of screening for health-related barriers such as 
visual, hearing, cognitive and developmental impairment (DoH 2011, 2015; 
Naidoo 2012). It will also include oral immunisation against missed EPI 
vaccines. Private oral, eye and audiology practitioners will be contracted 
based on the need for these health care service to provide corrective 
interventions to deal with the issues that have been identified (DoH 2017).

 • Municipal ward-based primary health care outreach teams: These teams 
will facilitate community involvement in the detection of health-related 
issues placing individuals at risk for disease and in need of preventive, 
curative and rehabilitative health care services; as well as provision of 
health promotion education (DoH 2011, 2015; Naidoo 2012). This stream will 
include CHWs who will have the responsibility of conducting health 
assessments within households and making necessary and suitable referrals 
to a PHC facility. Early childhood development interventions can be 
targeted and propelled forward through these PHC teams. PHC re-
engineering may be used to promote the care and development of young 
children. The use of CHW within the PHC teams may facilitate links between 
services within the health sector and external partners and may also assist 
in the scaling up of community and home-based programmes. This scaling-
up process will, in turn, address key health care service delivery gaps such 
as the need to strengthen health care services for pregnant women and 
children their the first 1000 days of life; strengthen early identification 
and referral systems for children at risk, specifically those with disabilities; 
and improve health care for three- to five-year-old children, specifically 
those not attending Early Childhood Development (ECD) centres (Albino & 
Berry 2013).
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 • Contracting of private health care practitioners at a non-specialist level: 
Private health care practitioners will comprise the fourth stream so as to 
assist in decreasing the burden of disease and enhancing access to health 
care. Speech therapy, audiology and other allied health care services are 
said to be prioritised with the goal of addressing ECD and physical barriers 
to learning (DoH 2015).

Despite efforts over the years to restructure the health care system and the 
commendable goals that have been set by the government to improve the 
quality of health care for all South Africans, key challenges persist. These 
challenges need to be carefully considered and addressed within the greater 
health care context in order to facilitate the successful achievement of the set 
goals. A systematic review of literature from 1996–2018 aimed at identifying 
challenges in practice that compromise quality in the health care sector and 
strategies employed by the government to improve the quality of health 
delivery revealed that millions of individuals residing in South Africa suffer 
from preventable harm daily (Maphumulo & Bhengu 2019). Reasons for this 
include, but are not limited to, challenges related to unequal distribution of 
resources, management and leadership (Nabhan et al. 2012):

Preventable harm refers to (1) harm with an incidence that can be reduced through 
detection, intervention or prevention of cause, (2) detection of the cause before 
harm takes place, (3) the use of efficacious, evidence-based intervention that can 
reduce or eliminate the harm resulting from a causal event. (n.p.)

Crisis-increased disease burden and slow progress in restructuring the health 
care system (Maphumulo & Bhengu 2019). In addition to these challenges, 
Young (2016) reported public health care facilities as being inadequate 
because of long waiting times, poor health care service delivery in terms of 
care, poorly maintained infrastructure and poor hygiene and infection control 
resulting in poor disease control in prevention practices. These inadequacies, 
in turn, contribute to increasing morbidity and mortality rates. Approximately 
one in seven patients attending public sector hospitals in South Africa is at 
risk of getting a health care-associated infection because of poor infection 
control and prevention measures, more specifically as a result of poor hand 
hygiene compliance (Patel et al. 2016). The hands of health care professionals 
are responsible for 50%–70% of all health care-associated infections and are 
the primary route for spreading diseases (Peters et al. 2018). Audiologists have 
a great degree of contact (direct and indirect) with patients during screening, 
diagnostic assessment and management. While healthy patients may have a 
general resistance to infections, neonates and infants in neonatal intensive 
care have lower resistance and remain more susceptible to infection (Khan 
et al. 2019). Hence, hand hygiene through handwashing and the use of hand 
sanitisers, the use of personal protective equipment (PPE), and sterilising 
and  disinfecting of equipment are crucial for minimising the spread of 
infectious diseases in audiology-specific clinical practice (Ehlert & Naudé 2014; 
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Khan et al. 2019; SASLHA 2011). The risk of health care associate infections may 
be further exacerbated by overcrowding in hospitals, high patient-to-professional 
ratios, old infrastructure, poor cleaning and transfer of patients with drug-resistant 
infections between hospitals (Dramowski & Whitelaw 2017).

In addition to these infections, South Africa currently faces a multiple 
burden of disease, which consists of HIV and AIDS, TB, maternal and child 
mortality, high levels of violence and injuries and increasing non-communicable 
diseases such as cardiovascular diseases, diabetes, chronic respiratory 
conditions and cancer (Mayosi et al. 2012a; Pillay-Van Wyk et al. 2016). Health 
priorities in South Africa have been focused on addressing aspects related to 
the burden of disease, some of which link to MDGs 4–6 and as well as SDG 3. 
The MDGs 4–6 were focused on reducing the mortality of children under five-
years-old, improving maternal health and combatting HIV, AIDS, malaria and 
other diseases (Chopra et al. 2009; Mayosi et al. 2012b). Similarly, the current 
SDG 3 comprises several health targets including, but not limited to, reducing 
maternal mortality, ending preventable deaths of newborns and children 
under five-years-old, ending epidemics related to communicable diseases and 
reducing premature mortality associated with non-communicable diseases 
(WHO 2020c).

The vision of the NDP 2030 is to ensure a long and healthy life for all 
South Africans. Hence, the current health priorities include the upliftment of 
public health care facilities, access to specialised tertiary hospital services and 
the sustainable expansion of treatment and prevention of HIV, AIDS and TB 
(South African Government 2020b).

7.3. Levels of prevention
Preventive strategies have proven to be an important aspect of health care 
and consist of stages related to primordial, primary, secondary, tertiary and 
quaternary prevention. Together, these strategies are aimed at preventing the 
onset of a disease or condition by reducing risk and also aim to minimise the 
complications related to a manifested condition or disease (Kisling & Das 2019).

Primordial prevention is the earliest prevention strategy and is aimed at 
reducing risk towards an entire population through environmental and social 
changes. It is typically expressed in laws and national policies, such as 
improving access to health care to decrease the risk of late or no identification 
of a condition or disease (Kisling & Das 2019). The 2013–2017 strategic plan 
for the prevention and control of non-communicable diseases in South Africa 
indicates population-wide and community-based interventions to promote 
healthy lifestyles as a means of addressing primordial prevention (DoH 2015). 
However, this needs to be considered in light of the high levels of 
poverty and unemployment in South Africa, which contribute to the growth 
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of non-communicable diseases and require additional interventions related to 
poverty alleviation, job creation, improved public transportation and more 
equitable health care services (Bradshaw et al. 2019; DoH 2015). While national 
policies and strategic plans exist in South Africa, this alone will not translate 
into the control of non-communicable diseases as policies must be translated 
into action at various levels of society, including community level, and is 
further dependent on the readiness of the South African health system to 
implement and monitor proposed strategies successfully (Puoanei et al. 2017).

Primary prevention, on the other hand, focuses on the population or 
individuals susceptible to having the condition or disease and is aimed at 
preventing the disease from occurring in healthy individuals through limiting 
risk exposure. Examples of primary prevention include immunisations against 
vaccine-preventable diseases such as measles, diphtheria, TB, poliomyelitis 
and tetanus (Kisling & Das 2019). In South Africa, vaccinations are provided 
through the EPI schedule (which should form part of the free health care 
services for women and children in the public health care sector) as well as 
the Integrated School Health Programme as an outreach to schools (Davis 
2019). Ensuring the highest possible coverage of childhood immunisation 
against the target diseases of the EPI as well as against mumps, rubella and 
meningococcal meningitis is a vital contributor to the primary prevention of 
related hearing impairment (Olusanya, Neumann & Saunders 2014).

Secondary prevention is aimed at early detection of the disease or condition 
and is often executed through screening for early disease or disorders. 
In audiology, this refers to hearing screening that is either universal (for 
everyone) or for high-risk groups. In the paediatric population, this typically 
involves newborn and infant hearing screening as well as routine hearing 
screening at school entry (Olusanya, Neumann & Saunders 2014).

Tertiary prevention aims to reduce the effects of the disease or condition 
once already present in the individual through rehabilitation or other forms of 
intervention. Within the context of preventive audiology, tertiary prevention 
may include the timely provision of assistive technology followed by effective 
aural rehabilitation. This may, however, prove to be challenging in some LMICs 
that are poorly resourced and where hearing aids or cochlear implants, as well 
as inclusive educational support, are costly or not readily available (Olusanya, 
Neumann & Saunders 2014).

While tertiary prevention is focused on intervention, quaternary prevention 
is aimed at protecting individuals from interventions that are likely to cause 
more harm than good. In the context of medical practice, quaternary prevention 
is the action of identifying a population or patient that is at risk for over-
medicalisation, protecting patients against invasive medical interventions and 
offering ethically acceptable interventions or procedures. It further highlights 
the need for critical engagement by health care professionals in terms of their 
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own practice and ethical limitations with the aim of constructing good 
practice (Jamoulle 2015; Tesser 2017). Although not specifically defined in 
terms of audiology, the author believes that this can be viewed in light of 
evidence-based best practice, ethical practice and contextually relevant and 
responsive practice within the profession. To ensure effective action in 
addressign hearing impairment, it is vital that these stages of prevention be 
viewed in relation to the early detection and intervention for hearing 
impairment (Kisling & Das 2019).

7.4. Prevention in the context of early 
hearing detection and intervention

Early hearing detection and intervention refers to the prompt identification, 
diagnosis and provision of intervention for newborns and infants with hearing 
impairment in order to afford them the opportunity to develop to their 
maximum potential (HPCSA 2007). The term encompasses aspects related to 
secondary and tertiary prevention. Early hearing detection and intervention 
principles outlined by the Joint Committee on Infant Hearing (JCIH) and the 
HPCSA may also be considered within primary, secondary and tertiary 
prevention (HPCSA 2007, 2018; JCIH 2007; JCIH et al. 2013).

Primary prevention in EHDI may be considered in the broader context of 
maternal and child health by addressing the environmental and or medical 
risk factors that may predispose an unborn child to develop a hearing 
impairment (Alvarez 2008). With regard to secondary prevention, EHDI may 
be viewed in terms of early identification initiatives that, if followed by prompt 
intervention, will reduce the developmental difficulties associated with hearing 
impairment. Tertiary prevention, on the other hand, may relate to efficient, 
effective and contextually relevant and inclusive intervention for children with 
hearing impairment and their families (Alvarez 2008).

While primary, secondary and tertiary stages can be viewed in terms of 
EHDI, primordial prevention can be viewed as absent. Primordial prevention 
may be argued more broadly in terms of the future implementation of the NHI 
policy in South Africa. However, it cannot be currently justified, specifically in 
relation to EHDI, because of a lack of government mandate for UNHS. 
Nevertheless, it is vital to consider the role of audiologists within the various 
stages of prevention. Olusanya, Neumann & Saunders (2014) asserted that as 
the costs of rehabilitative health care service are enormous in LMICs, primary 
prevention plays a critical role in reducing the burden of hearing impairment.

7.4.1. Primary prevention
Primary prevention requires an understanding of the risks and causes of 
hearing impairment within a context, given region or population (Olusanya, 
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Neumann & Saunders 2014). The HPCSA’s (2018) EHDI guidelines outline risk 
factors for hearing impairment for LMICs such as South Africa, with the 
acknowledgement that these risk factors may differ among contexts and may 
be influenced by social determinants of health as well as maternal and child 
health (Colella-Santos et al. 2014; Kanji & Khoza-Shangase 2018). Kanji and 
Khoza-Shangase (2019) argued that to identify risk factors within a particular 
context it is important to note the differences between cause and risk. Risk 
increases the chance of acquiring a condition, while cause guarantees the 
occurrence of the condition (Rifkin & Bouwer 2007).

There are a number of preventable causes that have been demonstrated to 
contribute to the prevalence of hearing impairment in sub-Saharan Africa, 
with the most significant being perinatal conditions, middle ear disorders, 
infectious diseases and ototoxic medication (WHO 2016).

A review of literature pertaining to the prevalence of hearing loss in sub-
Saharan African countries revealed that, of perinatal problems, birth asphyxia 
and neonatal jaundice alone or as complications of difficult delivery resulting 
from poorly skilled birth attendants increased the risk of hearing impairment in 
infants (Abdalla & Omar 2011). These findings highlight the need for a greater 
focus on maternal and child health care. Ninety-six per cent (96%) of births in 
South Africa take place at a health facility; thus, the quality of care provided at 
these facilities is of utmost importance (SADHS 2016). The 2008 Saving Mothers 
Report highlighted poor management of emergency deliveries with the 
recommendation to address the gaps in health care workers’ knowledge and 
skills (National Committee for Confidential Enquiries into Maternal Deaths 
2008). The NDoH subsequently developed and tested a training programme 
related to Essential Steps in Managing Obstetric Emergencies, which resulted in 
the improvement of quality health care (Bhardwaj et al. 2018).

Ear infections, in addition to infectious diseases such as mumps, rubella, 
measles and meningitis make up 31% of the 60% of preventable causes of 
hearing impairment (WHO 2016). Otitis media, more specifically, has been 
reported to be more common in LMICs due to risk factors such as poor 
hygiene, nutrition and housing (Abdalla & Omar 2011). These risk factors relate 
to social determinants of health. Through education of expectant mothers 
regarding hygiene measures and timely medical and surgical treatment when 
appropriate, infections such as OM can be reduced (WHO 2016).

Infectious diseases associated with hearing impairment in sub-Saharan 
Africa comprise measles, mumps and meningitis, the incidence of which can 
be reduced through immunisations. Of these infectious diseases, rubella and 
bacterial meningitis are listed as risk factors for hearing impairment within the 
HPCSA’s (2018) EHDI guidelines. Vaccination remains the most cost-effective 
public health intervention that protects children from vaccine-preventable 
diseases (Davis 2019). The World Health Organization (1995) recommended 
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ensuring the highest possible coverage of childhood immunisation against the 
diseases of the EPI as well as against mumps, rubella and meningococcal 
meningitis (WHO 1995). In South Africa, immunisations are available and 
provided free-of-charge at public health care sector clinics, with the first 
vaccines given at birth (South African Government 2020a). Scientific literature 
has highlighted the effectiveness of the EPI in South Africa with a reduction in 
childhood mortality and protection against illness and disability (Dlamini & 
Maja 2016). South Africa has made significant strides with regard to EPI and 
has been at the forefront of introducing new vaccines (Dlamini & Maja 2016).

While the above-mentioned primary prevention strategies are not directly 
linked to the scope of practice of the audiologist, Abdalla and Omar (2011) 
asserted that many of the identified conditions contribute to the disease 
burden of hearing impairment as a result of a lack of awareness of their 
complications. This emphasises the need for public education campaigns. 
Audiologists may thus have a role in organising collaborative workshops with 
primary health care professionals and mothers at antenatal clinics, community 
health care clinics and primary health care clinics. The focus of these workshops 
would be the audiological and subsequent developmental complications 
associated with these prevalent conditions if unaddressed, as depicted in 
Figure 7.1. WHO’s training manuals on primary ear-and-hearing health care 
may serve as useful resources for the establishment of training programmes 
for primary-level health care providers (WHO 2006).

Although there is no clear framework guiding disease prevention and 
control as part of primary prevention, the factors contributing to the 
preventable causes of hearing impairment are suggestive of primary health 
care as a strategic framework. Primary health care is related to the social 
model of health, which is based on the argument that when basic health needs 
are met first, better health gains are obtained (Keleher 2001). It encourages an 
integrated approach to health care and prevention and emphasises community 
participation in health with regard to health promotion (Dookie & Singh 2012). 
It can be argued that the PHC approach further aligns with the future plans of 
primary health care re-engineering in South Africa as it (1) suggests the 
prioritisation of primary care by the government with a focus on equity and 
(2) recognises the interrelated relationship or link between risk factors and 
their resultant condition.

While addressing these risk factors as part of primary prevention may 
be valuable in decreasing the prevalence and incidence of hearing 
impairment in newborns and infants, it is acknowledged that not all causes 
of hearing impairment can be eliminated using this prevention strategy. 
This highlights the need for comprehensive and effective secondary and 
tertiary prevention strategies for early identification and intervention of 
hearing impairment.
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7.4.2. Secondary prevention
Secondary prevention emphasises the early detection or identification of 
hearing impairment. Although early hearing detection is conducted through 
screening programmes, these programmes may differ based on the onset of 
hearing impairment being screened for. Newborn and infant hearing screening 
(NIHS) programmes, for example, are targeted toward the early identification 
of permanent, congenital hearing impairment, whereas school-based hearing 
screening programmes are focused on the identification of acquired hearing 
impairment. Therefore, the aim of school-based screening is the identification 
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FIGURE 7.1: Prevention in the context of early hearing detection and intervention: Considerations and 
proposed strategies.
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of permanent hearing impairment that may have been missed as a result of 
NIHS programmes in some contexts.

Secondary prevention may be best achieved through NIHS programmes. 
This is evidenced by a number of justifications. Firstly, NIHS programmes 
promote the early identification of permanent hearing impairment and have 
demonstrated positive outcomes if followed by prompt diagnosis and EI. 
Secondly, permanent hearing impairment may be non-preventable through 
primary prevention, such as those resulting from genetic causes. Thirdly, 
progressive or acquired hearing impairment may occur post-lingually. It may 
also be transient in nature and not have the same degree of impact on 
development, particularly if it is because of infections such as OM which can 
be addressed within primary prevention and managed medically (Qureishi 
et  al. 2014; Upadhya & Datar 2014). Finally, the implementation of NHS 
programmes as a secondary prevention strategy will reduce the risk of 
undetected or late identified permanent hearing impairment in school-going 
aged children. This would be best achieved through UNHS, as not all newborns 
and infants with hearing impairment may present with risk factors (Kanji 
2016a; Kanji & Khoza-Shangase 2019). However, UNHS may not be feasible in 
LMICs where primary prevention initiatives (as an initial step to prevention) 
are focused on other health care priorities such as those relating to the burden 
of disease. Hence, risk-based hearing screening may be an interim approach 
(Kanji 2016b). Irrespective of the screening approach, international guidelines 
recommend a 1-3-6 principle, whereby screening is conducted by the infant’s 
first month of age, diagnosis is confirmed by or at three-month-old and 
intervention is initiated at six-month-old (JCIH 2007). The updated JCIH 
(2019) position statement has encouraged states who have achieved the 1-3-6 
principle to strive towards a 1-2-3 month timeline. Contextual differences have 
been noted in South Africa, where HPCSA (2018) guidelines recommend initial 
hearing screening by the infant’s first month and no later than six weeks if 
programmes are linked to immunisation visits. Diagnosis of hearing impairment 
should be confirmed by no later than at four-month-old and intervention 
should commence by no later than eight-month-of-age.

There are a number of platforms proposed for NIHS, with the most common 
being hospitals. Screening in hospitals is advantageous for two reasons. Firstly, 
it reduces the number of times that parents or caregivers have to return for 
appointments. Secondly, it assists health care professionals with coverage rate 
in that babies have been screened before discharge (Olusanya 2006). However, 
studies conducted in Nigeria, and more recently in South Africa, have proposed 
primary health care clinics and midwife obstetric units (MOUs) as screening 
platforms. As part of this, we will be able to ensure a more comprehensive level 
of coverage, take into account home births, and deal with capacity demand and 
baby discharges on weekends, thus emphasising the advantages of 
decentralising health care services (explicitly hearing screenings) to PHC 
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facilities aligned with the re-engineering of PHC in South Africa. Findings from 
South African-based studies revealed that despite missed cases because of 
discharge outside of the audiologist’s working hours, the MOU three-day 
assessment was feasible. Immunisation clinics have also been reported to be 
feasible provided that appropriate equipment is used, the programme is 
overseen by an audiologist and the non-audiologist personnel conducting the 
screening are adequately trained (De Kock, Swaepoel & Hall III 2016; Khoza-
Shangase & Harbinson 2015 Khoza-Shangase et al. 2017). Hence, linking NIHS 
services as secondary prevention to existing EPI programmes within primary 
prevention may be a beneficial approach toward achieving improved coverage 
rates within EHDI programmes.

The appropriate use of technology for screening and sufficient human 
resources are important within all contexts when such screening programmes 
are implemented. With regard to technology, objective, physiological, 
measures such as otoacoustic emissions (OAEs) and automated auditory 
brainstem response (AABR) have been reported as valid and feasible, even in 
LMICs (Neumann et al. 2019). There are, however, differences between the two 
measures in terms of sensitivity and specificity. Literature indicates 80%–100% 
sensitivity for AABR and 81%–100% for transient evoked OAEs and 96%–100% 
specificity for AABR and 97%–99% for transient evoked OAEs (Institute of 
Health Economics 2012; Pasupathy & Kumar 2018; Shetty, Koohnoor & 
Rajalakshmi 2016). Literature related to distortion product OAEs has indicated 
a high sensitivity but lower specificity (Pasupathy & Kumar 2018). The choice 
of measure has varied globally, with transient evoked OAEs and AABR being 
more commonly adopted in comparison to distortion product OAEs (Kanji 
Khoza-Shangase & Moroe 2018). Despite these valid and feasible measures, 
human resource challenges have been reported to be a challenge within sub-
Saharan Africa. This shortage requires creative solutions with regard to 
preventive audiology (WHO 2007). One such solution may be the use of task 
sharing.

Task-sharing refers to the redistribution or reallocation of specific clinical 
tasks, where appropriate, to less specialised health workers. This allows for 
more efficient use of human resources within resource-constrained contexts 
(WHO 2007, 2021). It is argued that training a new community health worker 
can take between a week and a year, depending on the competencies 
needed. This is as opposed to the years it would take for new health care 
professionals to obtain a qualification. Hence, task-sharing would reduce 
delays in increasing the workforce within health care systems that have 
adequate checks and balances and would protect both health workers and 
patients (WHO 2007). The use of non-specialists as screeners at primary 
health care facilities has been found to be cost-effective (Engelman 2014). 
Olusanya et al. (2007) argued that the use of highly skilled personnel like 
audiologists may not necessarily result in the rapid spread of NHS because of 
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the lack of human resources. This lack of human resources may in turn limit 
health care service delivery and is one of the challenges faced in South Africa. 
The HPCSA’s (2018) EHDI guidelines provided a useful curriculum training 
guide for non-professional screeners, and the inclusion of CHWs within 
municipal ward-based PHC teams may serve as a useful means of identifying 
newborns and infants who have not been screened. It would also help address 
loss to follow-up audiological services that would be imperative to ensuring 
preventive audiology within an already resource-constrained context. 
Although audiologists may be involved in the initial training of CHWs, a ‘train-
the-trainer’ approach could be explored with oversight from an audiologist. 
The costs for training and equipment purchases and maintenance need to be 
carefully considered through stakeholder engagement, particularly as a lack 
of adequate financial resources and inadequate training have been reported 
in literature exploring the implementation of municipal ward-based PHC 
teams (Nelson & Madiba 2020; Sodo & Bosman 2017).

Digital health (the use of ICTs for health) has been given due consideration 
as a means of addressing health care challenges globally and can be utilised 
in various areas of medicine and public health, including the management of 
electronic health records, provision of remote health care services through 
telehealth, distant learning for health care workers through e-learning and 
health information and health care service provision through mobile telephone 
technology (mHealth) (Olu et al. 2019). Programmatically, digital health has 
been successfully applied to the prevention of non-communicable diseases in 
sub-Saharan Africa, such as maternal and child health (Pillay & Motsoaledi 
2018), immunisation (Crowley, Fink & Karlan 2014) and HIV and AIDS 
management (Peter, Barron & Pillay 2015).

The use of mobile health (mHealth) technologies has been recognised as 
an integral, programmatic approach to the delivery of health care services in 
South Africa. mHealth will assist in addressing needs related to information 
communication, health education and data management (DoH n.d.). Data 
management has been a challenge within EHDI programmes in South Africa. 
The lack of a data management system has led to challenges in tracking 
newborns and infants along the EHDI pathway or identifying those who have 
been lost to follow-up (Moodley & Störbeck 2017). A systematic review of 40 
studies was used to evaluate the effect of mHealth interventions on health 
outcomes in South Africa. Findings indicated that while mHealth interventions 
using mobile phones and text messages were targeted at improving treatment 
adherence, there was insufficient evidence of the effect of mHealth 
interventions on health-related outcomes (Ojo 2018). The use of mHealth in 
audiology, more specifically, has been reported to provide accurate, low-cost 
hearing screening in community-based contexts, with CHWs being able to 
conduct hearing screening after one four-hour training session (Swanepoel 
2017). However, this mobile hearing application has been focused on screening 
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using pure-tone audiometry and is currently not applicable to NIHS 
programmes that require the use of objective, physiological measures. 
Telepractice may therefore be another consideration for LMICs like South 
Africa (Figure 7.1).

Telepractice in audiology allows the delivery of distance assessment and 
intervention health care services by linking clinicians and patients (ASHA 
2020). Results from a scoping review aimed at describing the use of tele-
audiology health care services to aid in audiological management for children 
in both rural and urban settings, as well as determining strengths, challenges 
and clinical implications of such health care service, revealed that tele-
audiology improved access and coverage in rural areas (Govender & Mars 
2016). However, findings also highlighted a dearth of diagnostic studies, 
insufficient staff training and the need to ensure consistency among protocols 
and procedures (Govender & Mars 2016). Synchronous or ‘live’ tele-audiology 
assessment may prove to be challenging because of connectivity issues in 
rural and remote areas or because of limited clinician time (Swanepoel, 
Koekemoer & Clark 2010). In these instances, an asynchronous approach can 
be used as an alternative health care service delivery method through remote 
interpretation of audiological findings (Swanepoel, Koekemoer & Clark 2010). 
This approach could facilitate much wider coverage of audiological health 
care services and may be beneficial for diagnostic audiological assessment of 
infants such as tele-ABR. While tele-ABR has been explored within a number 
of studies, its practical implementation is low as a result of significant 
challenges. This includes additional training required for telehealth facilitators 
to be competent and confident to place electrodes on newborn babies as well 
as the cost of ABR equipment required for these assessments (Brennan-
Jones, Eikelboom & Swanepoel n.d.). In HICs, the use of telepractice in 
audiology as a means of performing diagnostic ABRs was the second most 
common service implemented after tele-intervention (Houston, Behl & 
Mottershead 2018) and would be classified under tertiary prevention.

7.4.3. Tertiary prevention
Early intervention for children with hearing impairment is a vital tertiary 
prevention strategy following diagnosis. Early intervention includes fitting of 
amplification and family-centred intervention. Early intervention falls within 
the broader ECD framework, which is aimed at providing equitable access to 
ECD programmes, health care service and resources for children, families 
and communities. The ECD framework ensures that these programmes and 
health care service are inclusive and culturally relevant (DoH Culture and 
Employment n.d.).

Early Childhood Development is one of the priorities of the South African 
government and is guided by the National Integrated Policy for Early Childhood 
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in 2015 and the inclusion of ECD within the 2030 NDP. The policy refers to the 
provision of ECD services and defines this period as being from conception 
until the year before children enter formal schooling. For children with a 
disability, this is modified to the year in which they turn seven-years-old (RSA 
2015). The NDP is aimed at transforming ECD service delivery in South Africa 
to ensure universally available and equitable access to these services (RSA 
2015). While South Africa has made good progress from a policy perspective, 
many of the services defined in the policy have made little or no progress over 
the past few years, particularly with regard to nutrition, early learning and 
caregiver support. Reasons for this lack of progress may be because of severe 
fiscal constraints and inadequate institutional resources and planning required 
to coordinate, manage and monitor ECD service delivery. Therefore, there is a 
need for a central hub and plan for the coordination and mobilisation of 
services, capacity development for delivery of quality health care service and 
effective, routine monitoring service to measure the progress of childhood 
outcomes (KiDS 2019).

An ECD centre is a partial care facility that provides early learning and 
development to children from birth until the year before they begin formal 
school (ages four to five). In the Foundation Phase of Grade R, with the help 
of ECD programmes, children are taught early learning and development 
(DoE National Curriculum Framework [NCF] for Children From Birth to Four 
Years Old of 2015; DoE Curriculum and Assessment Policy Statement [CAPS] 
of 2012). ECD centre-based programmes can potentially serve as platforms 
for EI with the inclusivity of children with hearing impairment if staff working 
at these facilities are adequately trained. These centre-based programmes will 
not only increase the access to EI for this population but also result in upskilling 
of ECD practitioners. South Africa has very few schools catering to hearing-
impaired children, with little curriculum support available in special education 
or disability (SEND) schools, inadequate learning and teaching materials, and 
a limited number of multidisciplinary professionals supporting hearing-
impaired children. 

In South Africa, there are various types of ECD centres that include standard 
nursery and preschool facilities for children aged three-years-old or older. 
Some of these schools may also offer childcare services for younger children. 
Crèches and daycare centres are also ECD facilities that cater mostly for 
young children from infants to six-years-old (StatsSA 2016). However, statistics 
have indicated that 47% of children between nought- to six-years-old did not 
attend an educational institution. Significant differences were noted between 
provinces that were suggestive of the rural-urban access gap, as well as a lack 
of affordability by families residing in specific provinces. More specifically, 
approximately 49% of three-years-old children did not attend any ECD 
learning programme, close to 29% of children aged four-years-old did not 
participate in ECD learning and at least 13% of those five- or six-years-old did 
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not attend any ECD facility. Government investment in ECD programmes is 
of utmost strategic importance because of its ethical rationale around social 
justice (StatsSA 2016). Early Childhood Development programmes should 
consider children’s rights, factors related to social inclusion and exclusion and 
the provision of preschool services for young children as a means to promote 
social justice (Aubrey 2017).

In order for tertiary prevention to be effective for EHDI, EI needs to 
commence soon after diagnosis. Home-based EI programmes may be a 
suitable option when considering the lack of universal access to services 
(Figure 7.1). The HIHOPES programme is one such programme in South Africa 
and has been implemented within five of the nine provinces. These programmes 
are family-centred as per the EHDI guidelines. They focus on language 
development, amplification options, schooling options, as well as facilitate 
decision-making for parents or caregivers of children with hearing impairment 
regarding communication modality (HIHOPES 2019; Störbeck & Young 2016). 
There is evidence to suggest the positive contribution of home-based EI 
toward auditory and speech development within a two-year period (Yang 
et  al. 2015). Findings from a systematic review of the literature including 
studies on home-based interventions indicate better language outcomes in 
children receiving intervention before six-months-old (Meinzen-Derr, Wiley & 
Choo 2011; Shekari et al. 2017; Yoshinaga-Itano & Mah-Rya 1998).

7.5. Conclusion
Prevention has been argued to have cost-effective and risk-reducing benefits. 
Sufficient evidence exists that justifies increased and focused efforts on 
preventive approaches to health care delivery. All three levels of prevention 
are vital for EHDI, particularly as each level addresses an aspect within the 
continuum of care for all newborns and infants. Secondary and tertiary 
prevention entails more involvement from the audiologist. The plans by the 
South African government regarding re-engineering of PHC and UHC may 
form a good platform for the integration of preventive audiology, more 
specifically, secondary prevention. Because human resources are a challenge, 
creative solutions need to be sought to address this in order to ensure 
widespread implementation of NHS programmes, which is the initial first step 
to any EHDI programme. Solutions in this resource-constrained context 
include task sharing, tele-audiology and considerations for mHealth technology 
as a means of data management and tracking. Tele-audiology may also extend 
into tertiary prevention through the provision of tele-intervention for newborns 
and infants diagnosed with hearing impairment. Home-based EI programmes 
are equally important as precursors to schooling to ensure effective tertiary 
intervention for children with hearing impairment.
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8.1. Introduction
Early detection of hearing impairment in children with a consequent timely 
and effective intervention programme is necessary to minimise the negative 
effects on the development of the child. Such EI programmes need to be 
multidisciplinary, technically and technologically sound and, most importantly, 
should consider the specific family, community and country context in which 
the child functions. The aim of this chapter is to explore evidence on the role 
of caregivers within families in EHDI programmes while arguing for caregiver-
centred or FCEI approaches to all EHDI processes within the African context. 
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Globally, there is a paradigm shift towards the inclusion of caregivers in care 
and decision-making. This is also consistent with the National Health System 
in South Africa requiring caregivers to become active partners in the EI 
process for their children with hearing impairment. As children develop and 
acquire skills such as language within the context of a family, the family’s 
cultural beliefs and practices, values, expectations, experiences and child-
rearing influences must be considered when planning and providing 
intervention. This chapter includes research-anchored, evidence-based 
perspectives and information that can be referred to for the development of 
programmes. It is contextualised within the African context while being 
cognisant of international trends and standards. The chapter deliberately 
adopts an approach that explores challenges with systems and resources, 
which can be argued to be a problem-based perspective rather than an asset-
based perspective to sharpen the focus on areas that need careful scrutiny 
and consideration in planning and implementing contextually responsive FCEI 
for the hearing-impaired child.

Early intervention is used broadly to denote intervention methods with 
children from birth to the age of three (Guralnick 2005). More specifically, this 
intervention targets aspects that provide health care services for hearing-
impaired children and their families for the purpose of lessening the deleterious 
effects of the hearing impairment (Bowe 2004; Guralnick 2005). As part of 
preventive audiology measures detailed in Chapter 1, early audiological 
intervention involves ensuring that all hearing-impaired infants and toddlers 
are identified early and, where necessary, enrolled into timely and appropriate 
audiological, educational and medical intervention (Kanji & Khoza-Shangase 
2021; Moeller 2000). According to international guidelines, EHDI programmes 
aim to identify hearing impairment within one month of birth, diagnose it by 
three months and provide intervention to children with hearing impairment by 
six-months-old (the 1-3-6 target timelines). This programme is implemented 
to ensure that they develop and achieve milestones that are in line with their 
hearing peers (JCIH 2007). The HPCSA adjusted these 1-3-6 target timelines 
for the South African context to be as follows: completion of hearing screening 
by six-weeks-old, diagnosis by four-months-old and commencement of 
intervention by eight-months-old (HPCSA 2018). Kanji and Khoza-Shangase 
(2021) considered that these adjustments are appropriate, accounting for the 
various South African screening platforms and other contextual factors such 
as home births, discharge timeframes and scheduled immunisation visits at 
the primary health care (PHC) level. However, the author believes that further 
deliberations on these targets would need to be held by the HPCSA, audiology 
community and the NDoH when the implementation of the NHI, under the re-
engineered PHC, becomes realised.

Because of the high prevalence of babies born daily with permanent 
sensorineural hearing impairment in South Africa, there have been increased 
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efforts toward the implementation of EHDI programmes (Kanji 2021a; Khoza-
Shangase 2019). The prevalence rate of hearing impairment in children is four 
to six per 1 000 live births in a LMIC like South Africa (Olusanya & Newton 
2007); a figure that is higher than the usually reported 1–3 per 1 000 births for 
HICs (Swanepoel, Störbeck & Friedland 2009). Therefore, a preventive 
approach to ear-and-hearing health care, and developmental impairments, is 
prudent for LMIC contexts, like South Africa, where the burden of numerous 
diseases, economic and socio-political challenges compete for the same 
resources (Kanji & Khoza-Shangase 2021).

Early hearing detection and intervention programmes have three key 
components, which include NHS, diagnosis of hearing impairment and the 
implementation of intervention services. A review of published evidence in 
these three components globally suggests that some advancement has 
occurred in the growth of EHDI programmes in the past three decades 
(Alvarez 2008; Bezuidenhout et al. 2018; De Kock, Swanepoel & Hall III 2016; 
HPCSA 2018; Kanji 2021b; Kanji & Khoza-Shangase 2018a; Kanji & Krabbenhoft 
2018; Khoza-Shangase & Harbinson 2015). This progress has been limited in 
LMICs, with evidence of positive outcomes where it has been successfully 
implemented (Erbasi et al. 2018; Guralnick 1998; HPCSA 2007; Khoza-
Shangase 2019; Khoza-Shangase & Michal 2014; Khoza-Shangase, Kanji & 
Ismail 2021a; Maluleke Khoza-Shangase & Kanji 2018; Maluleke, Khoza-
Shangase & Kanji 2019; Moodley & Störbeck 2017; Olusanya 2006; Olusanya, 
Neumann & Saunders 2014; Olusanya et al. 2007; Störbeck & Young 2016).

Early hearing detection and intervention’s documented positive effects 
include those on social and communicative functioning, achievement of 
developmental milestones, including motor, cognitive, speech, language and 
hearing development, as well as academic performance and consequent 
vocational outcomes (Graydon et al. 2019; Guralnick 2005; Khoza-Shangase 
2021b; Wroblewska-Seniuk et al. 2017). There is extensive evidence that 
undetected hearing impairment has profound effects on the language abilities 
and skills of the infants, which may result in language delays of at least 
2–4 years (Khoza-Shangase 2019; Lang-Roth 2014; Maluleke et al. 2018, 2019; 
Moodley & Störbeck 2017). Consequently, long-term financial benefits are 
derived from EHDI for the hearing-impaired child, family and the State (Khoza-
Shangase 2021b; Moeller 2000; Yoshinaga-Itano 2004). Furthermore, parent–
child interactions are strengthened; a supportive family environment is 
provided and an overall improvement in the QoL is achieved (Kanji & Khoza-
Shangase 2021; Moeller 2000; Olusanya 2005; Olusanya & Newton 2007; 
Rossetti 2004; Yoshinaga-Itano 2004). These effects make it justifiable for 
considerable attention to be directed towards earlier identification and 
intervention for hearing-impaired children. 

In South Africa, unfortunately, there is a substantial lag between the age at 
identification and that at the initiation of EI services (HPCSA 2018; Kanji 2021b; 
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Khoza-Shangase, Barratt & Jonosky 2010; Khoza-Shangase & Harbinson 2015; 
Khoza-Shangase & Michal 2014; Petrocchi-Bartal, Khoza-Shangase & Kanji 
2021; Pillay, Moonsamy & Khoza-Shangase 2010). Previously, researchers have 
reported delays in identification, diagnosis and intervention in specific settings 
and geographic areas, such as healthy and high-risk infants, HIV, neurological 
conditions, etc. (Harrison & Roush 1996; Khoza-Shangase & Rifkind 2010; 
Khoza-Shangase & Anastasiou 2020; Noorbhai 2002; Thompson 1991). These 
delays in EI services as well as the failure to implement EHDI as a standard of 
care in South Africa have been linked to various reasons. Financial constraints 
and capacity versus demand challenges have been reported as the main 
factors (Khoza-Shangase 2021a). However, White (2003) strongly argued that 
EHDI benefits far outweigh the costs. 

White (2003) advanced three pieces of evidence that justify the expenditure 
involved in the implementation of national EHDI programmes. Firstly, hearing 
impairment is the most frequently occurring condition of all congenital 
disabilities; secondly, undiagnosed hearing impairment has severe effects on 
the developing infant; and lastly, there is sufficient evidence proving the 
positive outcomes associated with the early identification of hearing 
impairment (Maluleke et al. 2019; Olusanya & Newton 2007; Rossetti 2004; 
White 2003). Petrocchi-Bartal and Khoza-Shangase (2016) asserted that with 
almost 20 infants born with hearing impairment on a daily basis in South 
Africa, EHDI has become an intervention imperative for the South African 
audiology community. This goal has recently been endorsed by the publication 
of the HPCSA’s (2018) Early Hearing Detection and Intervention Guidelines 
aimed at advocating for EHDI within the South African context while facilitating 
standardisation in practice that is both internationally comparable and 
contextually relevant and responsive.

This goal is far from being achieved in the South African context, given the 
many challenges making EHDI implementation significantly different from 
that in the United States (Khoza-Shangase 2021a; Petrocchi-Bartal & Khoza-
Shangase 2014, 2016). Khoza-Shangase (2019) offered three challenges that 
hinder EHDI programme implementation in South Africa: (1) lack of prevalence 
and incidence data as well as evidence on use and efficacy of different 
interventions, (2) the non-systematic, non-integrated, non-comprehensive 
and decentralised nature of EHDI in this context and (3) urgency to develop, 
implement and monitor well-resourced EI that is holistic and multidisciplinary 
and takes into consideration the hearing-impaired child’s caregiver and the 
uniqueness of the South African context. 

8.2. Background 
Globally, attention to caregivers’ opinions, views, perceptions, as well as their 
role and value in the EHDI process, as important co-drivers of any intervention 
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programme, remains limited in both the clinical and research community 
(Khoza-Shangase 2019). Khoza-Shangase (2019) argued that: 

[T ]his reality is more pronounced within the South African context where linguistic 
and cultural diversity incongruence between the majority Black South Africans and 
the mainly White English/Afrikaans speaking clinicians exist. (p. 74)

This incongruence negatively influences the ability of the intervention 
practitioners to (1) critique their contextual relevance and responsiveness to 
the needs of families, (2) modify and or develop more effective evaluation and 
treatment strategies and (3) enable Afro-evidence-based clinical health care 
service provision (HPCSA 2019).

To ensure effective EHDI, a receptive, cohesive and integrated system that 
centres caregivers and families of children with hearing impairment and sees 
the caregivers as key co-drivers of EHDI success must be in place. Primary 
preventive programmes such as prenatal education classes about risk factors 
and development stimulation, suitable screening, referral channels, evaluations, 
constant monitoring and rigorous planning are several aspects requiring 
consideration for an effective EHDI programme (Khoza-Shangase 2019). 
These programmes must be guided by the audiology principles for EI (Khoza-
Shangase et al. 2010; Maluleke et al. 2018; Prendergast, Lartz & Fiedler 2002; 
Spivak et al. 2009).

While there is mounting unanimity that the goal of practising evidence-
based health care which involves caregivers and the context where the patient 
is coming from is sound, caregiver involvement can be challenging when 
health care delivery continues predominantly within the medical model 
(Khoza-Shangase 2019). The beliefs and experiences of caregivers or families 
impact the quality of adequate EI practices, particularly in LMIC contexts 
(Russ et al. 2004). This needs to be acknowledged if proper reflections on 
planning, implementation and monitoring of caregiver-centred interventions 
are to occur. 

At the inception of EI as a model of care, EI programmes were child-focused 
and their outcomes were measured against the performance only of the child 
(Guralnick 1998; Iversen et al. 2003). With the realisation and recognition of 
the role that caregivers and families play in all aspects of the intervention 
process, increasing focus is now being placed on child-centred to family-
centred intervention approaches (Iversen et al. 2003; Maluleke, Khoza-
Shangase & Kanji 2021a). Family-centred care is promoted as an essential 
feature of best practice for hearing-impaired children, from identification to 
intervention (Gravel & McCaughey 2004; Maluleke, Chiwutsi & Khoza-Shangase 
2021b; Moeller et al. 2013). Schlebusch, Samuels and Dada (2016) raised the 
important issue of family routines as a basis for family-centred interventions 
and their influence on family QoL and appraisal of disability, thereby 
highlighting the importance of partnering with and supporting families. 
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Sass-Lehrer (2004) propositioned that an intervention approach for hearing-
impaired children that prizes collaboration with families while enabling and 
developing self-efficacy in parents may produce more positive outcomes and 
facilitate more active engagement and adherence in the intervention 
programme. Sufficient evidence has since been garnered that proves that 
caregivers are core to the success of EI programmes (Khoza-Shangase 2019; 
Majid et al. 2017; Maluleke et al. 2021a; Ravi et al. 2016). In a systematic review 
exploring current evidence reflecting trends in caregiver or FCEI for children 
with hearing impairment, Maluleke et al. (2021a) identified four major themes 
of relevance in the data: (1) caregiver involvement, (2) caregiver coaching/
information sharing, (3) caregiver satisfaction and (4) challenges with FCEI. 
Generally, their findings reveal the following:

1. Ample evidence exists for FCEI, with caregivers demonstrating a compelling 
need for their comprehensive participation in the intervention. 

2. Cultural and linguistic diversity needs to be considered in methods of 
caregiver intervention involving coaching and information sharing, with 
considerations around time and manner of delivery. 

3. Challenges identified in caregiver-centred interventions were identified 
and comprised logistical challenges, professional-related challenges and 
caregiver-related challenges. 

As far as the challenges were concerned, Maluleke et al. (2021a) found evidence 
of logistical challenges related to the delivery of FCEI. In LMIC contexts such as 
India, Nigeria and South Africa, the lack of available and accessible free public 
sector health care services negatively influenced caregivers’ involvement in 
FCEI (Adedeji et al. 2015; Bezuidenhout et al. 2018; Merugamala et al. 2017; 
Samuels, Slemming & Balton 2012). The lack of availability of public sector EHDI 
in such LMIC contexts highlights implications for systematic and integrative 
development and execution of international level gold standard EHDI 
programmes at the different levels of health care in these contexts. 

Additional logistical challenges were reported by Elpers et al. (2016), 
Larsen et al. (2012) and Khoza-Shangase (2019), where caregivers raised 
concerns about difficulties with numerous appointments that their hearing-
impaired child had to attend. Most of these appointments were reported to be 
in two or three locations and often after having been placed on a long waiting 
list. Additionally, time and financial costs are linked to caregivers having to 
travel far to access health care, where often they have to travel with extended 
family members, especially when there is no consistent mode of transport, 
and a language barrier exists between the caregiver and the health care 
provider (Elpers et al. 2016; Khoza-Shangase 2019; Merugumala, Pothula & 
Cooper 2017). Maluleke et al. (2021a) strongly argued for the decentralisation 
of hearing health care services, with the exploration of alternative models of 
service delivery within the South African context to overcome these challenges. 
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One of the potential models of health care service delivery that Swanepoel 
and Hall (2010) recommend in health care provider-constrained contexts, like 
South Africa, is tele-audiology. Khoza-Shangase (2021a) proposed that tele-
audiology combined with task-shifting as defined by the WHO guidelines 
(WHO 2008) be adopted as one of the health care service delivery models 
that can help caregivers and FCEI. The value of tele-audiology has been 
strengthened by the COVID-19 pandemic, with telepractice, in general, having 
been demonstrated to be an increasingly immediate need for clinical health 
care service provision.

Blaiser et al. (2013) suggested that the use of tele-intervention could 
facilitate caregiver involvement and lead to optimal outcomes for hearing-
impaired children. Similar to Blaiser, Khoze-Shangase and Sebothoma in 
Chapter 2, argue that tele-intervention, as part of tele-audiology, has the 
potential to meet the caregiver preventive audiology goals in a cost-effective 
manner. In their study, Blaiser et al. (2013) found that children in the tele-
intervention group-involving caregivers performed significantly better on 
the expressive language test than the in-person group. An assessment of 
home visit quality revealed that the tele-intervention group achieved better as 
well. Khoza-Shangase and Sebothoma deliberate on advantages and 
disadvantages, as well as considerations around tele-audiology within the 
South African context, to make sure that all variables are considered before 
implementation within this context.

Behl and Kahn (2015) took the health care service delivery model of utilising 
telepractice for FCEI further in their survey on provider perspectives on 
telepractice for serving families of hearing-impaired children. Their findings 
revealed large differences in hardware and software, with various providers 
presenting trepidations relating to data security, Internet connectivity and 
skills required to deliver telepractice health care services. Khoza-Shangase, 
Moroe and Neille (2021b) also highlighted the training challenge where gaps 
in telepractice were identified in training curricula globally. Behl and Kahn’s 
(2015) findings highlighted important aspects that need resolving and 
strategising around if telepractice will form part of FCEI, particularly in LMIC 
contexts where the use of ICT in ear-and-hearing health care remains 
significantly behind (Khoza-Shangase & Moroe 2020).

In the review by Maluleke et al. (2021a), three challenges relating to 
professionals were identified, and these included caregivers reporting that (1) 
health care providers did not prioritise their child’s hearing health and 
disregarded concerns raised until a late stage, and these providers were being 
poorly informed about EI programmes resulted in delayed intervention (Elpers 
et al. 2016), (2) they had been referred from a general children’s clinic for a 
hearing evaluation but were not directed exactly to the right people and place 
(Merugamala et al. 2017) and (3) the professionals lacked knowledge or 
understanding on what their child’s challenge was (Khoza-Shangase 2019).
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Challenges relating to caregivers included limited knowledge of treatment 
options for hearing impairment (Elpers et al. 2016), lack of understanding of 
children’s development and family activities (Balton, Uys & Alant 2019) and 
cultural power dynamics that often undermine the mother’s concerns and 
earlier suspicions of the hearing impairment (Merugumala et al. 2017). Maluleke 
et al. (2018) asserted that maternal awareness of infant and childhood hearing 
impairment may trigger earlier suspicion and subsequent EI, particularly 
where delayed-onset hearing impairment that cannot be detected via universal 
newborn hearing screening programmes (UNHS) is concerned, as it is within 
the South African context. This elevated maternal awareness can be attained 
through expanding the health education offered to mothers as part of 
antenatal and postnatal care at immunisation clinics to include risk factors for 
hearing impairment, knowledge of developmental norms, childhood hearing 
loss and its effect on speech and language development (Fitzgibbons, 
Beswick & Driscoll 2021; Kanji & Khoza-Shangase 2019; Maluleke et al. 2018), 
as well as issues around health-seeking behaviours (Conroy et al. 2016).

The challenge around family power dynamics and their influence on health-
seeking behaviours and caregiver involvement in EI identified in Maluleke 
et al.’s (2021a) study requires significant attention within the African context. 
Conroy et al. (2016) reported that there are three social structures that serve 
as influencing factors to health care access in South Africa. These factors 
include gender dynamics that see the male partner controlling decisions 
around health and health-seeking along with its associated patriarchy, as well 
as the existing economic inequalities. These authors maintain that these 
social  structures bestow females very restricted power to source health 
information, decide on what is best for their health and take measures to 
improve health. Mophosho (2018) argued that the same influences are at play 
in Speech-Language therapy consultation practices within the South African 
context. Furthermore, Ganle et al. (2015) reported that, in other sub-Saharan 
countries, health care decisions are commonly taken by the women’s partners 
or a family elder. These power dynamics have serious implications for EHDI 
that is naïve to family and community involvement (Maluleke et al. 2021b). 
Therefore, EI within the African context needs to move away from child-centred 
and mother-centred approaches to models of care that involve the family.

Early intervention practitioners within the African context must become 
conscious of the intricacies involved in contextual decision-making dynamics 
and investigate means of navigating them in the provision of EHDI within an 
FCEI philosophy. Maluleke et al. (2021a) argued that acknowledging that 
family–child interactions are central in any intervention represents a major 
shift in paradigm, where the caregiver is no longer viewed as a peripheral 
player in child-focused interventions. In this paradigm, the health care service 
delivery  model drives health care providers to focus on strengthening 
family  interactions, an approach advocated by Woods et al. (2011), with 
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Kuo et al. (2012) contending that this approach primarily defies the unilateral 
responsibility for decision-making by the health care provider paradigm.

The HPCSA (2018) also advocated that after diagnosis of hearing 
impairment, EHDI services must be family-centred, be conducted within a 
community-based model of care and must consider the influence of culture. 
Maluleke et al. (2021a) argued that, within the South African context, 
establishing FCEI programmes for children with hearing impairment can 
contribute to alleviating the injustices and inequities related to health care 
access (Khoza-Shangase & Mophosho 2018; Nkonki et al. 2011). This is 
particularly relevant in South Africa, where health care access is considerably 
influenced by an over-burdened health care system, as well as linguistic and 
cultural incongruence between health care providers and the majority of the 
patients accessing health care (Pillay et al. 2020). Predictably, these challenges 
generally affect the already vulnerable sections of the population, notably in 
rural and poor black communities (Khoza-Shangase & Mophosho 2018, 2021; 
Nkoki et al. 2011; Störbeck & Young 2016).

Consideration of internationally recommended best practices in FCEI is 
important; however, this should be done without contextual blindness. Moeller 
et al. (2013, pp. 430–443) offered 10 important principles that guide FCEI with 
auditory-impaired children. These 10 foundational principles which should be 
considered within the South African context include (Moeller et al. 2013, pp. 
430–443):

1.  early, timely and equitable access to health care services
2.  family/provider partnerships
3.  informed choice and decision-making
4.  family social and emotional support
5.  family infant interaction
6.  use of assistive technologies and supporting means of communication
7.  qualified providers
8.  collaborative teamwork
9.  progress monitoring
10.  programme monitoring.

8.3. Exploring evidence on the role of 
caregivers in early intervention with 
solutions for the African context
8.3.1. Identification/detection and caregivers

Regardless of the significant expansion in early hearing detection since the 
year 2000 globally, including the increased efforts within the African context 
that includes deliberations on the feasibility and the benefits of early 



Early hearing detection and intervention: The role of caregivers

166

identification and intervention, substantial challenges still exist. Key to these 
challenges within the African context, the author believes, is the involvement, 
informed and empowered involvement, of caregivers at the identification/
detection phase, as depicted in Figure 8.1. Caregiver involvement is important 
for the future development of EHDI programmes in all aspects including: 

1. Screening protocols: Stipulate location(s) (where) and time (when) to 
implement screening protocols.

2. Follow-up, return rate for diagnostic audiology evaluation and all future 
rehabilitation sessions: Empower caregivers to see the benefit and value 
of the health care services that audiologists provide from identification of 
the hearing impairment to aural rehabilitation.

3. Risk factors: Raise caregivers’ awareness of risk factors for congenital and 
acquired hearing loss to facilitate preventive ear-and-hearing health care 
benefits.

4. Early intervention progress monitoring: Empower caregivers to know 
what to expect of their hearing-impaired child in their auditory, speech, as 
well as language development. Caregivers should be an integral part of the 

FIGURE 8.1: Overview of areas where the role of caregivers is explored.
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regular surveillance that is conducted on developmental milestones, 
communication development, auditory skills, academic development and 
so on.

5. Quality control: Empower caregivers in a health care system where 
patients migrate within the country to different health facilities (Vearey, 
Modisenyane & Hunter-Adams 2017), so that caregivers can form part of 
an efficient data management system, wherein they exercise their right 
to access information (where they keep updated records of their child’s 
records) as part of an integrated system. This is important to monitor and 
improve the quality of EDHI services.

In an Australian study, Russ et al. (2004) found evidence that highlighted a 
need for parents to be provided with greater emotional support and counselling 
during the hearing screening and diagnosis period. Because of strong 
emotions such as shock and denial in their study, at the point of receiving the 
diagnosis of a hearing impairment, as well as exasperation because of 
communication challenges with health care providers causing delays in 
diagnosis, these authors recommend that additional training be provided to 
health care providers on effective communication with caregivers, with a 
strong focus on periods when parents are most vulnerable to strong emotions. 
Within the South African context, this communication training should consider 
the influences of language and culture (HPCSA 2019; Khoza-Shangase & 
Mophosho 2018).

Russ et al.’s (2004) study also found that parents experienced challenges 
with testing for children with additional medical and developmental challenges, 
confusion about certain surgical procedures that their children underwent, 
such as tympanostomy tube insertion, as well as difficulties with wearing 
hearing aids. Consequently, these authors recommend the provision of more 
and varied strategies for parents to facilitate and support hearing aid use in 
very young children, with specialised approaches to testing for children with 
comorbidities. Such flexibility in addressing contextually relevant needs is key 
to ensuring buy-in and adherence to intervention by caregivers and families. 
Ravi et al. (2016) asserted that parents and caregivers of a newborn have a 
fundamental role to play during the hearing screening and intervention 
process. These authors believe that decisions taken by caregivers on the EHDI 
process rely significantly on their views, attitudes and knowledge. 

Within the South African context, Swanepoel et al. (2009) bemoaned the 
fact that although EHDI programmes are becoming the benchmark for positive 
outcomes for the hearing-impaired child as well as their families and 
communities where they come from; these programmes are scarce and 
awareness around them reduced. These authors believe that despite sub-
Saharan Africa’s relatively mature economic and fairly developed health care 
infrastructure, limited evidence and data on infant hearing impairment and 
limited availability and access to EHDI programmes exist, and this has an 
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impact on caregiver-centred care. This impact was found in a caregiver-
focused South African study exploring factors compromising EI health care 
service  delivery to their hearing-impaired children (Khoza-Shangase 2019). In 
this study, caregivers reported a number of challenges including a lack of 
community awareness about hearing impairment, extending to inadequate 
skills and knowledge of health care professionals and teachers about hearing 
impairment and its impact on the child; variable and contradictory health care 
professional views about the child’s diagnosis and treatment; insufficient 
numbers of schools and health care facilities for their hearing-impaired 
children, with those that are available located long distances away from where 
they reside; as well as high costs associated with the health care services 
required by their hearing-impaired children, such as health care expenses and 
special boarding school costs. Khoza-Shangase (2019) concluded that these 
findings have a place in clinical, training, policy and advocacy planning for the 
South African context, for both access and success of FCEI.

In another South African study, Scheepers, Swanepoel and Le Roux (2014) 
investigated why parents decline NHS and default on follow-up rescreening in 
two private health care facilities. Their findings revealed follow-up return rates 
that were lower than set benchmarks, with the most commonly named reasons 
for screen refusal being cost, caregiver knowledge of NHS and health care 
professional knowledge and teamwork. In this study, 96% of caregivers 
suggested that if costs had been incorporated in the birthing package or been 
paid for by the medical aid, they would have consented to NHS. These findings, 
although not on a sample and health care sector that is accessed by the majority 
of the South African population, the public health care sector, where over 80% 
of the population who are not privately funded access health care (Ranchod 
et al. 2017), still reveal valuable lessons. The public health care sector in South 
Africa has well-documented resource constraints (Khoza-Shangase 2021a); 
however, current findings from the privately funded private health care sector 
still indicate the need for such primary preventive health care services to be 
free of charge with health care awareness and education around health 
conditions screening and EI forming part of prenatal classes within the South 
African context. Scheepers et al. (2014) concluded from their study that within 
the South African private health care context, incorporating NHS as a mandated 
birthing service is chief to increased coverage and pre-emptive notices and 
better communication with caregivers critical to reducing loss to follow-up. 

Kanji and Khoza-Shangase (2018b) found different results from their South 
African study, which was, however, conducted in the public health care sector. 
These authors found that explanations for poor follow-up return rates varied, 
with the most shared reason being moving place of residence. In this study, 
maternal age seemed to have an influence on the return rate as older mothers 
tended to return more with their newborns for diagnostic assessment than 
younger ones. Kanji and Khoza-Shangase (2018b) concluded that, within the 
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South African public health care sector, follow-up default can be significantly 
improved by efficient appointment scheduling where follow-up appointments 
are made on the same day as other medical follow-up services – despite the 
documented contextual challenges. Some of the contextual challenges found 
in Kanji and Khoza-Shangase’s (2018b) study included failure to reach patients 
telephonically for appointment reminders, families moving their place of 
residence away from the province or city where the health care facility is, 
caregiver work commitments, as well as economic challenges such as lack of 
money for transport to the hospital. It is the hope of the author that the 
proposed NHI, which has the goal of UHC and access to a high quality of 
health care (Ranchod et al. 2017), regardless of financial standing and distance 
from health care facilities (DoH 2017), will achieve this primary preventive ear-
and-hearing health care service. This approach will succeed if caregivers are 
incorporated as key co-drivers of EHDI, in line with what Popich, Louw and 
Eloff (2007) raised over 10 years ago when they highlighted the importance 
of caregiver education and involvement in prevention strategies for 
communication disorders within the high disease burdened South African 
context, where risk factors to hearing impairment are high. 

In another South African study on influencing factors to follow-up return 
rate in a risk-based hearing screening programme, Kanji and Krabbenhoft 
(2018) found that friendly audiologists, good and clear communication 
between caregiver and audiologist as well as appointment reminders as 
factors most frequently reported as positive contributors to caregivers’ 
attendance at follow-up appointments. A key challenge found in this study 
was residing a long distance from the health care facility. These results 
corroborate earlier findings of demographic, socio-economic and interpersonal 
factors influencing follow-up return rate, with sufficient evidence suggesting 
the necessity for efficient scheduling in all-inclusive appointment days 
(Babalola & Fatusi 2009; Say & Raineb 2007; Tsawe et al. 2015).

Majid et al. (2017), in a study investigating the effects of perceived attitude 
and anxiety on awareness of UNHS among caregivers in Malaysia, found 
results contrary to previous commonly reported findings. Caregivers’ perceived 
attitudes were found to be more influential to their awareness of UNHS than 
their anxiety. These authors posit parents’ lack of belief in early detection of 
hearing impairment in children because they believe their children are not old 
enough to undergo audiological assessment influences their uptake of UNHS. 
Moreover, these authors postulate that the socio-economic position of the 
caregivers may have influenced their inability to keep UNHS screening 
appointments because some of them may have to work to earn an income 
while some may view it as a futile exercise to honour such appointments. 
These authors also argue that the poor relationship they found between 
caregivers’ awareness of UNHS, and anxiety may be because of caregivers’ 
religious beliefs in their context. In a Brazilian study, Cavalcanti and Guerra 
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(2012) found that mothers who were less educated, earned a low income, 
attended less prenatal care visits and had more than one child were more 
likely to non-adhere to the UNHS programme. Because of their conclusion 
that socio-economic factors may negatively influence the effectiveness of 
hearing screening programmes in poorer regions, these authors advocate for 
advancements in health care politics, tracking systems and public awareness 
if efficacious and sustainable programmes are to be implemented.

Without taking into careful cognisance evidence around caregivers and the 
process of early detection and identification of hearing impairment, 
implementation of early hearing detection in LMICs will remain intangible. 
Fragile health care systems that are insufficiently funded lead to inadequate 
UNHS programmes. This challenge needs to be addressed as it has implications 
for human resources, equipment availability and so forth. Despite caregivers 
observing the need for health care services, there is no access to them due to 
a lack of resources. There is a high incidence of loss to follow-up at different 
stages of the programme in these countries, creating a barrier to the attainment 
of the positive effect of early hearing screening programmes. Strategies must 
be established to develop and enhance family involvement and commitment 
from this early stage of the EHDI programmes. 

8.3.2. Diagnosis and intervention
Scarinci et al. (2018a) explored the views of caregivers about the information 
and support they obtained after their child’s diagnosis of hearing impairment. 
Their findings revealed general caregiver satisfaction with the information 
received from sources that included information counselling with audiologists 
and medical professionals as well as written information. For the small minority 
of caregivers (11%) who indicated a break in information transfer about their 
hearing-impaired child, a nuanced analysis revealed two themes that described 
the diagnostic period as a difficult and emotional experience for caregivers. 
These are (1) questions around what should be prioritised between the 
provision of support or information during diagnosis and (2) traversing 
through the maze of accessing EI services following a diagnosis of hearing 
impairment. These findings demonstrate the heavy and total reliance of 
caregivers on audiologists at this very crucial part of the EHDI process. These 
findings also raise serious implications for audiologists involved in this 
diagnostic period to be as comprehensive, transparent and supportive as 
possible, as this is the gateway to a lifelong EHDI journey for the hearing-
impaired child and their family. 

Swanepoel and Almec (2008, p. s44) argued that parental knowledge and 
attitudes about infant hearing impairment are key to the effective 
implementation of EHDI programmes, especially in LMICs where ‘concerns 
have been raised of cultural-based ignorance and resistance towards childhood 
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disabilities’. While it is believed that without caregiver knowledge and buy-in, 
EHDI programmes will not succeed within the African context. The author is 
strongly opposed to the inference that diverse views and beliefs about 
disability can be labelled as ignorance or resistance. This is especially 
significant within the African context, where cultural beliefs and practices 
significantly vary from the Western norms that generally guide health 
interventions such as EHDI. Clinicians adopting such positions within this 
context go against evidence from global health (Flood & Rohloff 2018). Khoza-
Shangase (2021a) highlighted that cultural beliefs and practices within the 
African context have significant implications for health-seeking behaviours, as 
well as health intervention adherence behaviours. These views are buoyed by 
evidence on global health care that shows that populations from non-dominant 
cultures in any context have worse health outcomes compared with the 
dominant cultures (Flood & Rohloff 2018). Flood and Rohloff (2018) 
emphasised the importance of indigenous languages and cultures in the 
conception and implementation of health care programmes, and argued that 
conceptualisation and delivery of health care programmes that do not utilise 
the patients’ language will most likely lead to less efficacious interventions 
and, therefore, less positive outcomes. Consequently, EHDI initiatives within 
the African context must take into consideration cultural and linguistic 
influences if they are to be successful and be collaborative with family and 
caregivers in nature (Khoza-Shangase & Mophosho 2021).

Kyarkanaye, Dada and Samuels (2017) further emphasised this collaboration 
between practitioners and caregivers of children receiving EI within the South 
African context by arguing that this partnership is a pivotal precept of early 
childhood intervention (ECI). In their study exploring caregiver perceptions of 
collaboration in ECI teams in South Africa, these authors found that caregivers 
understand collaboration in ECI services; however, in relation to family-centred 
practices, caregivers seemed to undervalue this collaboration. This 
undervaluing was illustrated by how caregivers viewed professionals’ opinions 
as more worthy for successful caregiver professional collaboration, more 
important than their own involvement in teams. These authors postulated that 
these caregivers’ undervaluing of their own important role may reflect the 
nature and character of the medical model approach under which EHDI falls. 
Khoza-Shangase and Mophosho (2018) argued that power dynamics at play 
in health care interactions within the South African context, driven by linguistic 
and cultural incongruence between the majority black African patients and 
the majority white health care practitioners influence the views held and 
expressed in these interactions. The majority of interactions within such a 
medical and Westernised model of care are influenced by power dynamics 
that regard professionals as the experts who are knowledgeable about what 
is best for the hearing-impaired child and their family. Watermeyer, Kanji and 
Cohen (2012) claimed that in post-apartheid South Africa, the challenge of 
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cultural non-congruence between patients and health care providers 
reproduces historical power dynamics that leaves patients feeling isolated 
and marginalised and unable to probe or request clarification when 
communication breaks occur. This result produces a systematic barrier where 
the patient and family are excluded from accessing effective care (Mophosho 
2018). Maluleke et al. (2021a) argued that through FCEI programmes, this 
cycle of exclusion is eradicated as family involvement and its role is empowered, 
facilitating opportunities for caregivers to advocate, make decisions and 
become equal partners with EI professionals in their child’s care, as advanced 
by Sass-Lehrer (2015) and Swanepoel and Almec (2008).

In their study on maternal views on infant hearing impairment and EI in a 
South African community, Swanepoel and Almec (2008) found that over half of 
their sample were knowledgeable about at least three common causes of infant 
hearing impairment (ear discharge, medication, congenital) and that over half 
(57%) held a culturally based view of the cause. Regardless of the cultural 
beliefs held about the cause of hearing impairment in this study, maternal 
attitudes toward hearing screening and intervention were positive, as 99% of 
the mothers in this study indicated that they would have their baby’s hearing 
screened in the neonatal period and that they would agree to have their hearing-
impaired child be fitted with hearing aids as part of intervention. In Changsha, 
Hunan province, China, Wang et al. (2017) found that caregivers indicated 
knowledge of more risk factors for infant hearing impairment than in the South 
African study by Swanepoel and Almec (2008). Similar to the findings in the 
South African study, regardless of the knowledge of risk factors, 99% of the 
mothers conveyed a willingness to enrol their baby in hearing screening 
immediately after birth. Wang et al. (2017) also raised the need for caregiver 
awareness programmes about ear-and-hearing health care, prevention of 
hearing impairment because of preventable causes, as well as timely early 
identification, early diagnosis and intervention of hearing impairment. 

Over 10 years ago, Van der Spuy and Pottas (2008) lamented South Africa’s 
deficiency in data reporting the mean age of identification, diagnosis and 
intervention for hearing impairment because of inadequate systematic or 
routine screening programmes. This situation, unfortunately, remains so 
currently (Khoza-Shangase 2021a). Khoza-Shangase (2021a) believed that the 
perpetuation of the status quo is because of the lack of a government mandate 
on EHDI. Van der Spuy and Pottas (2008, s. 30) also found that successful 
EHDI significantly depends on the ‘ongoing support, guidance, and 
commitment that parents obtain from the paediatric audiologist’. This ongoing 
support is reinforced by Störbeck and Pittman (2008), who argued for moving 
beyond hearing screening within the South African context. Störbeck and 
Pittman (2008) examined data on hearing-impaired infants and their families 
registered with a family-centred, home-based intervention programme (HI 
HOPES) over a period of 1 year to monitor the efficacy of this FCEI within the 
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South African context. Their findings showed substantial improvement in 
language abilities where identification had occurred before the 7-months-old, 
with a high level of approval from families who were part of the programme, 
highlighting the value of caregiver support and involvement in EHDI 
programme success.

Parent support and empowerment in programmes such as the HI HOPES 
programme can be extended to include parent-to-parent support for families 
of hearing-impaired children. Mehta et al. (2020) reported the value of this 
strategy where caregivers joined a multidisciplinary team of speech therapists, 
audiologists, and educators to assist the hard of hearing. These authors found 
high levels of satisfaction in families where peer support was introduced, with 
a parent possessing a shared experience being viewed as the person best 
positioned to provide assistance and counsel soon after the diagnosis of 
childhood deafness, while counselling and advice of the teacher or therapist 
as most useful in the preschool period after this initial period. An overwhelming 
majority (97%) of the participants stated that they would endorse peer-
support as being valuable. 

Kiling et al. (2019) reported that young children with disabilities in LMICs 
confront a variety of environmental risks that have an influence on their 
development, with interventions that do not include caregiver support within 
communities being one such risk factor. These authors suggest that barriers 
such as stigma and discrimination that children with disabilities face within 
these contexts can be alleviated by the provision of interventions that are 
community-based and inclusive of basic health care services as well, with 
ongoing caregiver support and collaboration being key. Within the South 
African context, dealing with stigma, discrimination and inclusion within 
communities, for example, through community-based rehabilitation 
programmes, with involvement of different sectors, is recommended. Moreover, 
because hearing impairment is a lifelong disability, a life cycle approach to 
caregiver support should be adopted where intervention does not end in the 
early years but extends to support areas such as access to schooling, access to 
social grants and career guidance. This support should not be confined to the 
child with hearing impairment but to the empowerment of the mother or 
caregiver as well. 

Yoshinaga-Itano et al. (2017) found that maternal education level had an 
impact on vocabulary outcomes of hearing-impaired children who were 
screened at one-month-old, diagnosed at three-months-old and received 
medical intervention at six-months-old. Because children who had mothers 
with higher levels of education had higher vocabulary quotients, these authors 
conclude that as part of EHDI, intervention strategies to assist mothers with 
lower levels of education are important. In this study, the importance of 
appropriate support for parents who are hearing-impaired or hard of hearing 
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is highlighted, with specific recommendations made for fully integrating 
adults who are hearing-impaired or hard of hearing in the intervention process. 
Incorporation of hearing-impaired or hard of hearing parents in the intervention 
programme also facilitates positive entry into the Deaf community for the 
child, an important consideration should that be an identity the child and 
family want to adopt (Yoshinaga-Itano 2014). In another Longitudinal 
Outcomes of Children with Hearing Impairment (LOCHI) study from Australia 
by Ching et al. (2018a), higher maternal education level was found to be 
related to superior speech-language outcomes, better functional performance, 
enhanced psychosocial development and higher cognitive abilities, thereby 
highlighting the importance of caregiver support as part of FCEI.

8.3.3. Decision-making throughout the 
EHDI process

Where caregivers are not supported and incorporated into EHDI programmes, 
even with evidence showing that this enhances language outcomes (Yoshinaga-
Itano et al. 2017), the child-family needs, contextual relevance and contextual 
responsiveness of the intervention become questionable (Khoza-Shangase & 
Mophosho 2018). Crowe et al. (2014) asserted that for caregivers to make 
appropriate decisions regarding the choice of communication mode or 
language that their hearing-impaired child adopts, it is critical that interventions 
empower them to make informed decisions. 

These authors put forward four themes they identified as the most 
important factors that influence caregiver decision-making. These themes, 
which have relevance for the South African context, were (1) sources of 
information, (2) practicalities of communication, (3) impact of children as 
individuals and (4) caregivers’ decisions impacted by their children’s future 
lives. As far as the theme ‘sources of information’ was concerned, diverse 
sources of information were described and this included information that 
caregivers obtained through personal research as well as lived experiences 
and preferences, information from professionals and, lastly, the views and 
opinions of family and friends. 

As far as ‘practicalities of communication’ was concerned, access to and 
use of communication within the family and the community was an important 
influence on caregiver decision-making, over and above solid acquisition of 
one language or communication mode prior to the introduction of another. 
Theme three described the effect that each child’s traits, such as their own 
communication mode preference and communication skills, including their 
ability to perceive speech through their residual hearing, as well as the presence 
of other comorbidities, have on caregivers’ decision-making. And lastly, theme 
four related to caregivers being influenced by their aspirations  for  their 
children’s future lives when making decisions for their hearing-impaired children. 



Chapter 8

175

Important considerations included explicitly nurturing a sense of belonging, 
developing future prospects and accomplishments and offering children the 
chance to select their own mode of communication. 

Crowe et al.’s (2014) findings are consistent with recent results from the 
LOCHI study by Ching et al. (2018b), where findings reinforce the importance 
of comprehensive parental support and sharing of unbiased information that 
allows parents to make informed choices, support and information that 
facilitates decision-making that has considered all options in order to get the 
needs of their hearing-impaired children met. In Ching et al.’s (2018b) study, 
findings also highlighted the importance of continuity of care where caregiver 
support is provided continually for implementation of their choices as they 
adjust to their children’s changing communication needs, as well as their 
developmental demands. Khoza-Shangase (2021b), for example, argued that 
there is an urgent need for continuity of care at school for the hearing-impaired 
child as part of EHDI goals, to make sure that the benefits of EHDI are not lost. 
It is in this context that Ching et al. (2018b, p. 154) concluded that ‘parent 
decisions around communication mode are rarely made in isolation but occur 
within a larger decision-making matrix that includes device choices, EI agency 
choices, and “future-proofing” the child’s ongoing communication needs’.

Continual family involvement and support are further illustrated in Scarinci 
et al.’s (2018b) Australian study where the authors justify the significance of 
this continued support by emphasising that the communication journey of a 
hearing-impaired child is frequently an intricate, multifarious process in which 
the child’s utilisation of language or method of communication may frequently 
vary. Their study raised five key themes that shaped caregiver decisions. These 
themes are consistent with other reviewed studies and hold relevance for the 
South African context. They include ‘(1) family characteristics, (2) family 
access to information, (3) family strengths, (4) family beliefs and (5) family-
centred practice’ (Scarinci et al. 2018b:123).

8.4. Conclusion
Findings from the afore-reviewed studies lead to several conclusions: 

 • Firstly, they strongly affirm the importance of caregiver collaboration and 
involvement in all EHDI processes, including ensuring that they are 
provided  with unbiased information about available options. This 
information should include all accessible possibilities and technologies 
provided in a balanced manner that presents the risks versus benefits 
of  each option for informed choices (Ching et al. 2018b). It should be 
acknowledged, though, that caregiver information sharing does not come 
without challenges on the professionals’ side. Laugen (2013) highlighted 
that as important as the provision of comprehensive information at an 
early  stage of the EHDI process is, this can also be overwhelming to 
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many families. Caregivers struggle with making decisions when ambiguous 
information has been shared with them.

 • Secondly, these studies highlight that no intervention can occur without 
knowing what the caregivers’ communication, developmental and life goals 
are for their hearing-impaired child. These goals shift and adjust depending 
on the changing needs of the child and the child’s immediate environment 
(Ching et al. 2018b; Crowe et al. 2014; Guralnick 2005). Hence, Maluleke 
et al.’s (2021a) argument for family-centred EHDI approaches within 
the African context where there is a strong acknowledgement of 
the importance of continually supporting caregivers and families as central 
in their hearing-impaired children’s communication development journey 
becomes relevant.

 • Thirdly, as part of the importance of family-centred care, these studies 
show that parents make ‘sacrifices’ (Ching et al. 2018b), which require that 
they obtain community support in the implementation of EHDI. The role of 
family-centred care in offering families increased understanding of EHDI, 
and the influence of their decision-making at each step of the process is 
essential. Such an approach will facilitate the transfer and carry-over of 
intervention goals to the context, thereby facilitating positive EHDI 
outcomes for the hearing-impaired child in all spheres of their life in their 
daily life and context. This is particularly important as Erbasi et al. (2018) 
reported that the role and nature of parental involvement in their hearing-
impaired child’s intervention are complex and multi-layered in nature 
combining a wide range of behaviours and practices, which have critical 
consequences for FCEI. Erbasi et al. (2018, p. s15) identified five important 
themes defining the nature of parental involvement to consider in FCEI 
plans, and these included (1) parents work behind the scenes, (2) parents 
act as ‘case managers’, (3) parents always have their child’s language 
development in mind, (4) parents’ role extends to advocacy for all children 
with hearing loss and (5) parents serve a number of roles, but at the end of 
the day, they are parents.

These findings clearly illustrate the ‘sacrifices’ (Ching et al. 2018b) that parents 
make, which justify the importance of extensive and continual support, as well 
as empowerment within family and community-centred models of intervention 
delivery.

It is important that, even within this FCEI, efficient team models are explored 
that ensure that care is coordinated and not fragmented when working with 
other team members to minimise stress for the already stressed parents.

Family-centred early intervention is key to positive outcomes for children 
with hearing impairment, and this is particularly true for the South African 
context with all the presented contextual challenges of a LMIC’s culturally, 
linguistically and socio-politically diversity. Family-centred early intervention, 
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as a philosophy from which early interventionists base the development and 
empowerment of families for positive outcomes of the child with disabilities 
(Dalmau et al. 2017; Epley, Summers & Turnbull 2010), should drive all clinical 
care initiatives. This approach is particularly appropriate for the South African 
context as it is based on principles that embrace the Afrocentric ethos of 
ubuntu as asserted by Khoza-Shangase (2019, p. 77).

Caregivers’ involvement in the entire EHDI process throughout their child’s 
development journey is influenced by a number of factors, including but not 
restricted to the features, assets and values of each family, their access to 
information, delivery of family-centred services (Scarinci et al. 2018a), maternal 
factors including mother’s age, educational level, trust in the health care 
system, as well as the intervention programme itself (who is involved – the 
experts and how they share the expertise, how it is run – including tele-
intervention and where it is provided). Although there is no single factor that 
parents name as the reason behind their lack of or suboptimal involvement in 
the EHDI process, but rather an interaction of numerous influences over time, 
one predominant theme is evident from the evidence reviewed. At the core of 
EHDI success are caregiver involvement and family–community–centred 
approaches. The evidence reviewed raises implications for research, teaching 
and clinical health care service provision that put caregivers at the centre of 
all EHDI initiatives, including all preventive efforts from prenatal care to 
intervention where negative sequelae of hearing impairment are minimised or 
eliminated. 

While FCEI is being proposed in this chapter, it should be acknowledged 
that having nuclear families is not always the norm in South Africa. The 
structure, form, role and function of South African families differ significantly 
from Western notions of family imposed by colonialism and apartheid, its 
social and economic factors, and burdens of disease such as TB, HIV and 
AIDS. These factors, which have a huge impact on FCEI, disrupted family 
structures, leading to child-headed households, orphans, children cared for by 
grandparents, single parenting, unmarried women having children, teenage 
pregnancies and so on. So, while these may not fit the scope of this chapter, 
they must be acknowledged and raised as matters to consider to ensure that 
despite all of these challenges, efficient strategies are explored for the 
provision of FCEI service that is relevant within this complex environment.
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9.1. Introduction
Although children with disabilities can live complete and satisfying lives, 
evidence suggests that for most of them, disability can restrict these lives 
significantly. These restrictions can limit their development and negatively 
impact their social participation and educational outcomes, impacting their 
employment possibilities and their consequent QoL. This is particularly true 
for deaf-blind children. As such, there is a need to advance these children’s 
well-being and QoL. This can be achieved by focusing on health promotion, 
prevention and the minimisation of the impact of disability-related sequelae 
on a deaf-blind child. Therefore, in this chapter, the primary, secondary and 
tertiary prevention interventions for deaf-blind children are explored, with 
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careful consideration of the African context. Furthermore, recommendations 
on enhancing the QoL of deaf-blind children are provided.

The first five years of life is a period of rapid growth in which the developing 
brain is most pliable and responsive to stimulation and learning. This serves 
as a cornerstone for imminent educational and skills training and learning 
(Global Research on Developmental Disabilities Collaborators [GRDDC] 
2018). The United Nations’ 2030 SDGs seek to improve the health status of all 
children, including those with disability, going beyond survival (GRDDC 2018).

Approximately 15% of the world’s population lives with a disability severe 
enough to alter their daily lives (Groce 2018). Eighty per cent of persons living 
with a disability live in LMICs (Vesper 2019). Based on these statistics, it can 
be argued that HICs are better resourced than LMICs, hence the significantly 
reduced incidence of disability in these countries. Of this population, it is not 
clear how many are children and present developmental disabilities, although 
evidence suggests that globally, disability among this population continues 
to be a notable public health concern (Groce 2018; Krahn, Walker & Correa-
De-Araujo 2015; WHO 2018).

‘Developmental disabilities are a group of conditions resulting from 
impairments affecting a child’s physical, learning or behavioural function’ 
(GRDDC 2018, p. 1100). Although children with developmental disabilities 
might have a good QoL, for some disability impacts their development, 
social engagement, access to education, health and ultimately employment 
outcomes (Blackburn, Read & Spencer 2012; GRDDC 2018). This is even 
more relevant for children who present a multisensory disability such as 
deafblindness.

9.2. Deafblindness
Deafblindness is a distinctive multisensory disability characterised by varying 
degrees of hearing and visual impairment. Various authors have offered 
definitions for deafblindness (Anthony 2016; Dammeyer 2014; Ehn et al. 2019; 
Jaiswal et al. 2018). For the purpose of the chapter, deafblindness is defined 
as a (Wolford 2016):

[C]ombined vision and hearing loss causing such severe communication and other 
developmental and educational needs that the student cannot be accommodated 
in special education programmes solely for students with deafness or students with 
blindness or in special education programmes solely for students with multiple 
disabilities. (p. 1)

Contrary to other definitions of deafblindness, Wolford (2016) explicitly 
highlighted the need for reasonable accommodation deaf-blind children, as 
these children must be provided with health care services responsive to their 
unique needs.
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Deafblindness is a lifelong and progressive condition (Dammeyer 2014) that 
can be congenital or acquired in nature, has multiple causes and can be 
categorised into four distinct categories (Moroe 2021):

 • Category 1: Congenital/prelingual deafblindness – from birth or early onset 
before the child develops language.

 • Category 2: Acquired/post-lingual deafblindness – those who simultaneously 
develop both visual and hearing impairments during their lives.

 • Category 3: Congenital single sensory impairment (vision or hearing) and 
then subsequently acquire another (vision or hearing) impairment.

 • Category 4: Age-related dual-sensory impairment of vision and hearing 
loss in varying degrees and order and time of onset.

Deafblindness is a unique and complex impairment because of its defining 
feature; ‘the notion of synergy – the sum (deafblindness) is greater than the 
parts (hearing and vision impairment)’ (Simcock 2017, p. 814). Globally, the 
prevalence of deafblindness (Wolford 2016; Zwanenburg & Tesni 2019) with 
Blackburn, Read and Spencer (2012) placing the prevalence at 0.01 in 2012.

Similarly to global trends, the incidence of deafblindness is reportedly 
low in South Africa (Maguvhe 2014). However, Maguvhe (2014) argued that 
despite the low incidence of deafblindness locally, our communities seem to 
have neglected deaf-blind individuals form part of our communities. This 
author attributes this sentiment to the fact that even within the population 
of persons with disabilities, deaf-blind individuals are still a minority with 
their rights and needs are not adequately considered and addressed 
(Maguvhe 2014).

Unfortunately, not much is known about South African deaf-blind children. 
Presumably, South African deaf-blind children have similar experiences to 
their counterparts in other parts of the world. However, South Africa is an 
LMIC with limited resources regarding the availability of special educational 
needs or disability schools for learners with deafblindness. Additionally, deaf-
blind children lack access to adequate health care professionals. According to 
Moroe (2021), the experiences of deaf-blind children are more pronounced in 
this context than those of their peers in HICs because of the stigma associated 
with disability.

The contribution of deafblindness on the developing child is multiplicative 
in that it is a combination of two vital senses – vision and hearing – which are 
foundations for communication, socialisation, orientation and mobility, access 
to information and daily living (Jaiswal et al. 2018). Vision and hearing are 
distance senses as they connect the individual to the world that extends 
beyond their personal body space and reach (DB-LINK 2017). Furthermore, 
these senses facilitate accidental learning of language and other important 
concepts without early planned instruction (Marschark & Hauser 2012). 
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Consequently, the impact of deafblindness extends far beyond early 
development, such as communication and learning, as experiences are 
restricted to the here and now (Moroe 2021). Therefore, if the contribution of 
deafblindness in developing children is not mitigated, their well-being and 
QoL may be affected, ultimately hindering the achievement of the SDGs. 
There is thus a need to focus on health promotion by preventing or minimising 
progression and the related sequelae of the disability on the developing child.

Health promotion is concerned with empowering people to be self-
determined and improve their health (Olukemi 2019). Prevention, on the other 
hand, is concerned with ‘measures not only to prevent the occurrence of 
disease, such as risk factor reduction but also to arrest its progress and reduce 
its consequences once established’ (Duplaga et al. 2016, p. 478). Interestingly, 
health promotion is rarely promoted among people with disabilities despite 
disability being associated with poor health promotion practices (WHO 2010). 
The reality is that, when compared to people without disabilities, people with 
disability have a greater need for health promotion as they are at risk of the 
same health conditions in addition to the disability that potentially makes 
them more susceptible to health conditions. However, people with disabilities 
and their families have limited access to information and resources that 
promote and maintain good health (WHO 2010). Therefore, there is a need to 
promote health through primary prevention and secondary prevention where 
a condition already exists so that the impact of the health condition does not 
become progressive (tertiary prevention) (WHO 2010).

9.3. Preventive health
Contextualising health prevention, specifically to deafblindness in children, 
entails three aspects: (1) stopping the disability from occurring in the first 
place (primary prevention), (2) early identification and intervention to halt the 
progress of the symptoms and sequelae of the disability (secondary 
prevention) and (3) rehabilitation to mitigate the adverse effects of an already 
existing health condition (tertiary prevention) (WHO 2010). The authors of 
this chapter acknowledge that the above-mentioned contextualisation of 
prevention of deafblindness is optimistic and idealistic, as it assumes that 
disability can be eliminated. It is proposed that this contextualisation should 
be understood in the context where determinants of health such as individual 
health behaviours and lifestyle, socio-economic status, level of education, 
employment and working conditions, access to quality health care services 
and the physical environment are modifiable or ideal (WHO 2010). Even in 
these ideal or modifiable situations, disability cannot be completely eradicated; 
however, it can be significantly reduced. The WHO (2010) argued that health 
promotion does not require costly intervention or elaborate technology; 
instead, it requires social interventions through investing time and energy in 
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supporting health promotion campaigns. It is also argued in Chapter 7 that 
earlier preventive health care services should be made available for hearing-
impaired children, regardless of limited resources.

9.3.1. Primary prevention
Primary prevention within the context of deafblindness, may, among others, 
include immunisation campaigns against communicable diseases, genetic 
counselling, prenatal and postnatal care at the primary health care level and 
measures to control endemic diseases (WHO 2010). Considering the causes 
(prenatal viral infections, premature birth, genetic conditions and age-related 
conditions) and categories of deafblindness (congenital, acquired, congenital, 
and acquired and age-related), primary prevention has a significant role to 
play in reducing the incidence of deafblindness.

Targeted immunisation campaigns are effective primary prevention 
intervention strategies to potentially prevent the congenital causes of 
deafblindness, such as rubella. Rubella, a rare but mild infection, is the most 
common prenatal viral infection that can lead to potentially devastating 
lifelong consequences (Boshoff & Tooke 2012; Gilsdorf 2018). If an expectant 
mother contracts rubella, she can pass it on to her unborn baby. Rubella is 
said to cause damage to the eyes, ears and heart of the unborn baby 
(Boshoff & Tooke 2012), resulting in congenital rubella syndrome. Congenital 
rubella syndrome is prevalent in LMICs (Boshoff & Tooke 2012; Dammeyer 
2015; Jaiswal et al. 2018), although it is completely preventable through 
effective immunisation programmes. Regarding the prevention of rubella, 
Boshoff and Tooke (2012) lamented that rubella vaccination is not routinely 
incorporated in the EPI in LMICs. However, a recent study seems to suggest 
that Africa’s immunisation coverage is successful even though the uptake is 
low (Mihigo et al. 2018). Based on this, it can be argued that rubella 
vaccines  are now part of the EPI in Africa. These authors argue that 
vaccination of young females will eradicate congenital rubella syndrome 
immediately; therefore, the benefits are immediate but only if all females 
are immunised. The argument presented by these authors is in line with the 
recommendations of the WHO (2010) promoting immunisation campaigns 
to prevent disabilities, deafblindness included.

In line with targeted immunisation, in 2019, the SANDoH undertook the 
country’s first national household vaccination coverage survey since 1994 
(Burnett et al. 2019). This undertaking was informed by several 
imperatives,  including, but not limited to, the WHO’s Global Vaccine Action 
Plan (2011–2020), with a global target for all countries to reach 90% 
national  coverage of all primary vaccines (Burnett et al. 2019). This survey 
attests to the initiatives taken by the South African government to align 
with  global trends in immunisation programmes to eliminate health 
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conditions  and, ultimately, disabilities. Overall, the initiatives demonstrate 
the  DOH’s initiatives in aligning with the SDG initiatives to improve the 
health status of children beyond survival.

In cases of hereditary causes of deafblindness, the WHO (2010) 
recommended that families be referred for genetic counselling where concerns 
about current or future pregnancies may be discussed. Where there is a 
potential that the next child may have a disability, families can be given 
relevant information, and the opportunity to make an informed decision is 
provided. This is reliant on access to health care facilities; therefore, if females 
do not have readily available access to health care facilities, it will hinder their 
access to this much-needed health information and education. Health 
information and educatiocan empower people with disabilities and their 
families to acquire knowledge and life skills necessary to improve their health 
outcomes (WHO 2010).

Although the authors recommend genetic counselling as part of primary 
prevention strategies, they are also cognisant of the South African context. 
In particular, they acknowledge the sensitivities and complexities related to 
cultures and religion and how these can empower or disempower females 
depending on their context and setting. The strong link between culture and 
religion and decision-making regarding genetic counselling cannot be 
downplayed (Anderson 2009). For example, cultural and religious beliefs may 
influence how mothers of unborn babies perceive genetic counselling, 
especially from a moral lens. In cases where mothers have opted for genetic 
counselling, cultural and religious beliefs may influence how these mothers 
react to the results of the genetic tests, whether or not they divulge the 
findings to other family members and, ultimately, the health-seeking journey 
(Greenberg et al. 2012). It then becomes imperative that the health care 
system engages with programmes that will empower women to be able to 
make informed decisions regarding their health and babies’.

Prematurity is one of the main contributors to acquired deafblindness. For 
some time, it was believed that excessive oxygen therapy administered to 
premature babies caused deafblindness. However, current evidence suggests 
that oxygen levels are only a contributing factor (Batshaw, Pellegrino & Roizen 
2007). Premature babies are exposed to increased levels of medications such 
as antibiotics and diuretics known to be harmful to the auditory system 
(Moroe & Hughes 2017). These medications are said to cause rupture of the 
underdeveloped blood vessels in the inner ear, thereby interrupting the flow 
of blood to the inner ear, which subsequently destroys hair cells. This 
destruction can lead to sensorineural hearing impairment (Moroe 2021). 
Additionally, the eyes of premature infants are said to be fragile and vulnerable 
to injury after birth. If injured, this may result in a condition known as 
retinopathy of prematurity (ROP) (Higuera 2016). Retinopathy of prematurity 
is the abnormal growth of blood vessels in an infant’s eye, characterised by 



Chapter 9

185

retarded growth of blood vessels that result in the development of scar tissue 
and retinal detachment, increasing the risk of vision loss or blindness 
(Higuera 2016).

According to Fernandez Turienzo et al. (2016), children who survive 
prematurity-related complications will likely encounter poor health problems 
and, in severe cases, a lifelong disability, which will result in significant financial 
costs to health care and the broader society. This poor health outcome 
presents a case for antenatal care.

Antenatal care is considered the most effective method of improving 
outcomes in expectant women and their babies (Hollowell et al. 2011). 
Therefore, access to health care, specifically antenatal care, plays a critical 
role in significantly reducing prematurity and the subsequent complications 
that may lead to disabilities such as acquired deafblindness.

In the South African context, Ngxongo (2018) discussed approaches to 
antenatal care, specifically, the basic antenatal care (BANC) approach. This 
approach has yielded positive benefits such as facilitating a comprehensive 
package of and the integration of primary health care services, which include 
the availability of accessible antenatal care, policies, guidelines and protocols, 
as well as training and in-service education for primary health care 
professionals, to name a few (Ngxongo 2018). However, not all primary 
health  care community clinics have been able to successfully implement 
and sustain the BANC approach (Ngxongo 2018).

Primary prevention plays a critical role in preventing disabilities. As 
recommended by the WHO (2010), primary health care, prenatal and postnatal 
care and immunisation campaigns are the backbone in the prevention of 
disabilities. If primary prevention and health promotion are implemented as 
intended, the global burden of disease could be lowered by as much as 70% 
(WHO 2010). The authors of the current chapter argue that although 
quantitatively, the impact of primary prevention on reducing disability is not 
known, it cannot be disputed that efforts put towards controlling potential 
disabilities (e.g. immunisation drives) have positively and significantly achieved 
the desired outcomes.

As audiologists are potentially the professionals who first identify the 
presence of a hearing loss and, ultimately, deafblindness, they must be aware 
of the causes and the risk factors associated with deafblindness. Primary 
prevention audiology entails raising awareness of the risk factors associated 
with hearing loss and deafblindness. Moroe (2021) argued that, generally, 
deafblindness may result from the same conditions that cause hearing 
impairment, such as CHARGE (coloboma heart defects, atresia choanae, 
growth retardation, genital abnormalities and ear abnormalities), Usher 
syndrome and Goldenhar syndrome. Chapter 1 foregrounds the importance of 
prevention and early detection of hearing loss as part of the scope of practice 
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that South African audiologists need to increase their focus on. Among other 
strategies, prevention and early detection of hearing loss can be achieved 
using the High-Risk Register (HRR), also known as targeted screening (Kanji & 
Khoza-Shangase 2019, 2021). In a study by Kanji and Khoza-Shangase (2012), 
success in early detection and intervention resulted in the adoption of the 
HRR despite missing 25%–50% of neonates with hearing loss, particularly 
when used in isolation. The HRR is useful in identifying children who require 
monitoring and follow-up screening and in contexts where UNHS is not 
feasible, such as in LMICs (Kanji & Khoza-Shangase 2012). Khoza-Shangase 
(2021b) argued that within the South African context, the use of the HRR 
should be used as an interim step towards UNHS, while efforts are increased 
to get UNHS mandated as that will come with human resource and equipment 
planning that is required.

Moreover, as part of health promotion, audiologists participate in activities 
such as the annual World Hearing Day and other Deaf Awareness campaigns 
aimed at raising awareness about the causes of hearing impairment. These 
campaigns provide valuable opportunities to target and include deafblindness 
in the activities. Therefore, preventive audiology has a crucial role to play in 
hearing health care and promotion. As disability cannot always be prevented, 
where a disability is present, secondary prevention should be implemented, 
the focus of the next section.

9.3.2. Secondary prevention
Secondary prevention aims to control or manage the disease before it 
manifests clinically (Duplaga et al. 2016; Pandve 2014). Therefore, secondary 
prevention promotes early detection and intervention through timely 
screening to detect asymptomatic disease. In the case where a disability is 
already present, secondary prevention will entail controlling the expected 
symptoms or progression of the disability. Specifically, preventive audiology 
plays a crucial role in the early detection and prevention of deafblindness. This 
is because the ability to hear is a prerequisite or precursor to learning to 
communicate verbally.

The importance of early detection and intervention cannot be 
overemphasised. Ideally, early detection and intervention should take place 
within the first year of life (Khoza-Shangase 2021a; Moroe 2021). Failure to 
timeously implement early detection interventions may result in missing the 
critical period of early neurodevelopment, thereby reducing the opportunities 
to learn, which may negatively impact the QoL for the affected child and 
their family (Anthony 2016). Consequently, the child with deafblindness may 
be delayed in communication, cognition, reading and social-emotional 
development (JCIH 2007).
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If EI is not affected, communication may potentially be compromised. Moroe 
(2021) discussed three goals for early detection and intervention in deaf-blind 
children. The first goal is to open up a new channel of communication and 
explore the environment. Deafblindness presents severe restrictions on the 
child’s access to communication and language. Most deaf-blind children are 
unable to experience the nuances of shared language or rely on others to 
model language for them (DB-LINK 2017). A child with a visual impairment 
typically relies on their hearing to compensate for visual impairment. 
Conversely, a child with a hearing impairment relies on their vision to 
compensate for the hearing impairment (Cappagli et al. 2017; Newton & Moss 
2001). For a deaf-blind child, they cannot rely on one sense to compensate for 
the absence of the other. Consequently, the reception of information necessary 
for learning, interaction, and overall development is negatively compromised. 
It is clear that unless deafblindness is detected early and intervention provided 
timeously, impairment of these senses may potentially result in serious 
consequences for a developing child.

The second goal of early identification and intervention in this population 
is to facilitate adequate social-emotional bonding, early communication, 
language, emergent literacy, access to learning materials, and educational 
experiences (Anthony 2016). Deaf-blind children typically experience 
developmental delays in social interaction, independence, engagement, 
accessing information from their environment, communication, and socio-
emotional development (Hartshorne & Schmittel 2016). As a result, their 
social interactions may seem confusing, purposeless or even fearful, which 
may restrict their interactions, and emotional bonding and trusting 
relationships may not be easily formed. Because of these restricted 
interactions, deaf-blind children may present with challenging behaviours or 
stereotypical behaviours known as ‘blindisms’ (Valente, Theurel  &  Gentaz 
2018). These behaviours may include body rocking, head shaking, eye-
poking and hand flapping (De Vaan et al. 2013). Deaf-blind children use these 
behaviours to express their frustration or as attempts at communication. As 
such, they must be provided with specific instructions on how to manage 
their interactions with the environment (Hartshorne & Schmittel 2016). 
Therefore, early detection and prevention of these challenging behaviours 
are paramount in addressing the communication and emotional needs of 
deaf-blind children.

The third goal of early detection is to mitigate the multiplicative effects of 
deafblindness. As deafblindness is a multisensory disability, a multidisciplinary 
approach to management is recommended. This should entail early referrals 
to other relevant professionals to ensure timely intervention that maximises 
and enhances communication, learning and socialisation, particularly in the 
critical early years.
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Locally, evidence suggests that there are no active early identification and 
intervention programmes specifically for deaf-blind children (Moroe 2021). 
Moroe (2021) provided six reasons for the lack of active early identification 
and intervention in this regard. Firstly, in line with global trends, the incidence 
of deafblindness in South Africa is significantly low. Deafblindness is hardly 
discussed in public arenas, save for minor coverage in public engagements 
that are characterised by low-societal preparedness and receptiveness to 
accommodate deaf-blind individuals (Maguvhe 2014). Secondly, 
deafblindness, in most cases, results from the same conditions causing 
hearing impairment. Despite this, a focused early detection and prevention 
programme for deafblindness cease to exist. Screening for deafblindness is 
traditionally embedded either in EHDI programmes or during ophthalmological 
assessment. Holte et al. (2006) states that when deafblindness is suspected, 
ophthalmologic evaluation is warranted to assess oculomotor function, 
visual acuity, peripheral vision, visual adaptation, colour perception and eye 
pressures. Currently, in South Africa, it is not clear: (1) at what stage this 
referral is made, (2) what protocol ophthalmologists use to assess  deaf-
blind children, and (3) what level of care deaf-blind individuals receive 
(primary, secondary or tertiary health care level).

Thirdly, health care professionals, such as audiologists, speech therapists, 
occupational therapists, physiotherapists and ophthalmologists are not 
adequately trained to detect and provide intervention services to individuals 
with multisensory impairments. Fourthly, under ideal conditions, early 
detection and intervention should take place within the first year of life. Global 
trends indicate that early detection health care programmes for children who 
are deaf-blind are present in special educational need or disability (SEND) 
schools for the visually- and hearing-impaired or with special educational 
needs (Hersh 2013). Deaf-blind learners are not accommodated in special 
educational needs or disabilities (SEND) schools in South Africa. Consequently, 
these children are more likely to attend schools for learners with general, 
special educational needs or disabilities, and not necessarily or specifically 
deaf-blind schools. Fifthly, there is a dearth of information on the availability 
of therapists and teachers with expertise in the management of deaf-blind 
learners. In an ideal context, where there are health care professionals deployed 
at schools for learners with special educational needs or disabilities, learners 
with deafblindness would be referred timeously for screening, evaluation and 
treatment of communication and learning difficulties. Lastly, the FCEI approach 
in South Africa is still in its infancy (Maluleke, Chiwutsi & Khoza-Shangase 
2021). Family-centred early intervention is integral for early detection and 
intervention, and it is even more so in deaf-blind children (Maluleke, Chiwutsi & 
Khoza-Shangase 2021). Chapter 8 strongly argues for enabling caregivers as 
key co-drivers of early detection and intervention within the African context 
to ensure FCEI, while Chapter 10 argues that any effort geared towards EHDI, 
including that of family involvement, should carefully also deliberate on the 
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economic evaluation of EHDI programmes within the South African context 
– placing EHDI on the political advocacy and resource allocation agenda. As 
the effects of deafblindness cannot be reversed, there is, therefore, a need for 
tertiary prevention.

9.3.3. Tertiary prevention
Tertiary prevention is defined as the intervention for people who have already 
developed a disorder or disability, aimed at abating the ramifications of the 
disorder or disability on the individual’s life and that of their family (Khasnabis 
et al. 2010). At this level of intervention the focus is on (re)habilitative 
interventions, depending on whether the disability was congenital or acquired. 
As deaf-blind children are likely to only be identified at school-going age, the 
Department of Education has a significant role in implementing interventions 
that are conducive, responsive and promote reasonable accommodation for 
this population. Khoza-Shangase (2021b) carefully presented deliberations 
and recommendations around continuity of care for hearing-impaired children 
that include intervention at schools as a way to maximise EHDI benefits within 
the resource-constrained South African context. However, before children are 
referred for school placement they should receive aural habilitation as part of 
tertiary preventive audiology.

Aural habilitation refers to the plan to improve communication with young 
hearing-impaired children who have not yet developed spoken language 
(Minnesota Hands & Voices 2020). Children who are deaf-blind vary widely in 
the degree of hearing loss and onset age. Therefore, it is important to consider 
these factors when enrolling them for aural habilitation. Aural habilitation in this 
population entails the provision of assistive listening devices (including hearing 
aids and cochlear implants) and the determination of the best communication 
modality for the child and their family (Nelson & Bruce 2019). Communication 
modes for this population are outlined by Hersh (2013, p. 447) and include:

 • Spoken language.
 • Sign language.
 • Tactile sign language: A deaf-blind individual holds the other person’s 

wrists and feels their movements as they sign.
 • Deaf-blind manual alphabets: Spelling using signs that represent the 

alphabet. There are two main approaches: The speaker signs the letter onto 
the listener’s flat palm; the listener puts their hand over the speaker’s 
vertical hand and feels the movements of their fingers. Both approaches 
are quicker than Spartan.

 • Tadoma: A deaf-blind individual places one hand on the other person’s 
chin, lips or throat to feel their movements as they speak.

 • The deaf-blnd block alphabet (Spartan): A deaf-blind individual draws 
blocked capital letters on the palm of the other.

 • Finger Braille: The individual types six fingers as a Braille keyboard.
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If appropriate, these communication modes can be used in conjunction with 
assistive listening devices. Chapter 8 carefully deliberates on evidence around 
the choice of communication mode and family considerations thereof. In 
addition to aural habilitation, reasonable accommodation should also be 
prioritised for deaf-blind children.

Reasonable accommodation is defined as (UN Committee on the Rights of 
Persons with Disabilities 2016):

[T ]he necessary and appropriate modification and adjustments, not imposing a 
disproportionate or undue burden where needed in a particular case to ensure 
persons with disabilities the enjoyment or exercise on an equal basis with others of 
all human rights and fundamental freedoms. (p. 1)

Simply stated, reasonable accommodation entails implementing effective and 
practical interventions that enable a person with a disability to work as 
effectively as their peers without a disability (National Disability Authority 
2019). In the case of deafblindness, interventions that enable access to 
education on an equal footing with their peers are important. The authors of 
this chapter argue that reasonable accommodation is not synonymous with 
inclusive education but concede that, where possible, reasonable 
accommodation can be incorporated within inclusive education.

Inclusive education is not an easy concept to define, but integral to the 
definition are the: (1) fundamental right to education, (2) principle that 
values students’ well-being, dignity, autonomy, and contribution to society 
and (3) continuing process to eliminate barriers to education and promote 
reform in the culture, policy and practice in schools to include all students 
(Schuelka 2018). Inclusive education purports that students are taught in a 
mainstream classroom regardless of their dis(ability) (Schuelka 2018). 
Interestingly, Schuelka (2018) noted that inclusive education does not mean 
segregation (e.g. placing children in special units or special classrooms) or 
integration (e.g. integrating children with disabilities in mainstream settings 
only if they can adjust). Inclusive education recognises that all learners must 
be taught in the same educational space regardless of their dis(abilities) 
(Schuelka 2018). Fundamentally, inclusive education seeks to capacitate all 
children in realising their capabilities, which will contribute to productive 
and meaningful growth (Hayes & Bulat 2017). While this is a noble and 
commendable initiative, it sadly does not address the unique needs of deaf-
blind children.

The Committee on the Rights of Persons with Disabilities (CRPD) emphasises 
that no ‘one-size-fits-all’ formula exists when looking at children with 
disabilities and those who require reasonable accommodation (Hayes & Bulat 
2017). Differently abled students may require very different accommodations 
owing to the severity of their disability and their personal learning preferences 
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(UN CRPD 2016). This is particularly true for deaf-blind children. The World 
Federation of the Deafblind (WFDB) notes that society incorrectly assumes 
that services meant for hearing- or vision-impaired children are also sufficient 
for deaf-blind children (WFDB 2018). This statement cannot be further from 
the truth as deaf-blind children present with unique educational needs; 
therefore, educational services tailored only for children who are hearing-
impaired would not benefit them. Secondly, the WFDB (2018) addressed the 
importance of having services that are solely meant for children with disability. 
This is in line with the notion that the effects of deafblindness on developing 
children are multiplicative. Additionally, it is in line with the definition of 
deafblindness as (Wolford 2016): 

[C]ombined vision and hearing loss causing such severe communication and other 
developmental and educational needs that the student cannot be accommodated 
in special education programmes solely for students with deafness or students with 
blindness or in special education programmes solely for students with multiple 
disabilities. (p. 1)

Article 24 of the CRPD mandates that member states should ensure that 
accommodation is provided for persons with disabilities in educational 
contexts. Section 3c of Article 24 specifically refers to deaf-blind learners 
and urges member states to deliver education in acceptable and appropriate 
languages and modes of communication for the individual in an environment 
that enhances academic success and social development (UN 2006). 
Similarly, Articles 25 and 26 of the CRPD direct member states to ensure that 
persons with disability enjoy the best attainable standard of health care, 
habitation and rehabilitation without discrimination. It further challenges 
member states to put measures in place that ensure that persons with 
disabilities attain access to all services that individuals enjoy without 
disabilities. Khoza-Shangase, Sebothoma & Moroe (2021) suggested that 
tele-audiology can be utilised in the South African context as part of efforts 
to enhance inclusivity and equality of children with disability in schools 
through ICT.

Under the patronage of the CRPD, the implementation of inclusive 
education at all levels of education is by law a mandate for member states, 
thus implying that the education for children with disabilities is a human right 
matter (Biermann 2016). In line with these legal obligations, in South Africa, 
there are several policies and guideline policies and guidelines that support 
inclusive education. These include the Department of Education’s White 
Paper 6 (DoH 2001), the White Paper on the Rights of Persons with Disabilities 
(Department of Social Development 2016) and the Framework and Strategy 
for Disability and Rehabilitation (SADoH 2015). The White Paper 6 on inclusive 
education was commissioned in 2001 (DoH 2001), with the mandate of 
ensuring that learners with disabilities get access to the same quality of 
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education as their counterparts without disabilities so that they have the 
same educational outcomes. While strides have been made to improve 
education for learners with disabilities in South Africa, White Paper 6 has 
unfortunately not been successful in achieving its desired goal as learners 
with disabilities continue being excluded from education (Donohue & 
Bornman 2014). The success of tertiary prevention for deaf-blind children is 
dependent on their access and inclusion to both health care services and 
education.

Access should fulfil the dimensions of availability, acceptability, geographical 
accessibility, financial accessibility and quality (Peters et al. 2008). These 
dimensions are described in more detail next:

 • Availability: In the context of health care, availability pertains to ‘providing 
the appropriate type of quality health care to all citizens that require 
health care, such as health care facilities and programmes with adequate 
human, financial and physical resources that respond to the needs of 
people accessing these services’ (Peters et al. 2008, p. 162). The same 
principle applies to education, where availability is explained as the 
existence of schools and programmes that children with disabilities can 
access. Member states should therefore ensure that they prioritise the 
establishment and funding of public and private schools for deaf-blind 
learners (Tomaševski 2001). This is because these learners have additional 
needs that cannot be accommodated in schools for learners who are 
either visually- or hearing-impaired (Maguvhe 2014). The challenges faced 
by deaf-blind learners include failure to grasp information that would 
typically be obtained through the use of distance senses of vision and 
hearing. This suggests that accidental learning that occurs through vision 
loss is not possible. Ultimately, communication delays and difficulties 
occur (Dammeyer 2014). These challenges necessitate the need for 
ongoing rehabilitation services provided at health care facilities and 
schools by a collaborative team of rehabilitation professionals, such as 
speech-language therapists, audiologists and occupational therapists 
(Manga & Masuku 2020). Assistive devices and augmentative and 
alternative communication devices should also be issued and maintained 
by qualified health care professionals who are trained to assess the 
candidacy and benefits for a deaf-blind child.

 • Acceptability: Acceptability is defined as the compatibility and 
responsiveness of health care workers to the social and cultural disposition 
of the users of health care services (Peters et al. 2008). This also applies to 
educational settings, as stated by Tomaševski (2001). Schools that cater 
for deaf-blind children must provide the highest standard and quality of 
education that considers the rights of the learners in an inclusive and 
supportive environment and that is free from discriminatory and 
denial  barriers. As deaf-blind children are heterogeneous (Dammeyer 
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2014), a ‘one-size-fits-all’ classroom or therapy approach would be 
ineffective. Health and education services should be tailored to the specific 
needs of deaf-blind individuals (Tomaševski 2001). Reasonable 
accommodation is therefore key.

 • Adaptation: Adaptation requires educational planning and teaching 
methods, and it considers the specific ways that the learner will understand 
and engage with information and how teaching and learning techniques 
will be tailored for the needs of that specific learner (Maguvhe 2014). 
Therefore, professionals’ knowledge and skills become crucial, which 
suggests adequate training and support for educators (Janssen et al. 2002; 
Maguvhe 2014; Manga & Masuku 2020). Educators should be trained to 
respond appropriately to the interactive behaviours of deaf-blind children 
and also on strategies on how to modify the interactive environment to aid 
and encourage the occurrence of desired interactive child behaviours 
(Janssen et al. 2002). Training should include information on how to offer 
communicative aids and choices, removal of distractive stimuli and stimuli 
not wanted by the child from the environment, tuning activities to the 
child’s sensory, cognitive and motor abilities, and demonstration of 
appropriate interactive behaviours to the child (Janssen et al. 2002). 
McLetchie and Riggio (2001) also supported these recommendations and 
further suggest the following considerations: the use of smaller group sizes, 
instructional arrangement, involvement of speech and language therapists 
and audiologists, support for assistive technology, and augmentative and 
alternative communication.

 • Geographical accessibility: Geographical accessibility is the ‘physical 
distance or travel time from service delivery point to the user’ (Peters et al. 
2008). Health care facilities and schools should be available within a 
reasonable geographical distance to deaf-blind children (Peters et al. 2008; 
Tomaševski 2001). Children who are deaf-blind should not be disadvantaged 
from receiving services because of transportation barriers.

 • Financial accessibility: Financial accessibility pertains to the relationship 
between the costs of health care services and whether or not people 
accessing these services can afford them without enduring negative 
economic consequences (Peters et al. 2008). Financial considerations 
need to be made for the accommodation needs related to therapeutic 
interventions, assistive devices, and augmentative and alternative 
communication. Education and health care should ideally be economically 
accessible to children with disabilities, including this population (Ramaahlo, 
Tönsing & Bornman 2018).

Similarly, Tomaševski (2001) used similar dimensions to advocate for the 
universal coverage of education for all children. This author recommends that 
reasonable educational accommodation should be available, accessible, 
acceptable, and adaptable (Tomaševski 2001).
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Locally, tertiary prevention for deaf-blind children was discussed against the 
backdrop of access to education and health care services. South Africa is 
home to ‘three nations’: the very wealthy, the missing middle and a large 
majority of people in South Africa living in poverty (Mpofu & Ndlovu-Gatsheni 
2019). Persons with disabilities, including those with deafblindness, are 
overrepresented in the latter category, where many in these households 
continue to be marginalised and still subjected to undesirable access to 
education, health care, energy, sanitation and clean water.

The ongoing marginalisation and deprivation of basic education and health 
care needs for persons with disabilities is a systemic ramification of apartheid, 
a system that for decades segregated people across racial lines in South 
Africa. In this system, black people were subjected to poor quality education 
and health care in their designated townships or homelands (Mpofu & Ndlovu-
Gatsheni 2019). The education and health care system that serve children with 
disabilities followed similar trends. While most white children with disabilities 
had fully functional schools, black children with disabilities did not have 
schools unless special educational need or disability (SEND) schools were 
introduced, often by missionaries or charity organisations (Khumalo & 
Hodgson 2001). It was inevitable that these schools had inadequate resources 
and poorly trained staff as the government did not support them.

South Africa has some of the most comprehensive legislation and policies 
to facilitate access toersons with disabilities across different entities, including 
health care and education; however, the policies have been unsuccessful owed 
to poor implementation and monitoring strategies (Donohue & Bornman 
2014).

Data from South African schools for the visually impaired or for learners 
who need special educational advancement suggest that schools for deaf-
blind learners should accommodate deaf-blind learners. (Maguvhe 2014). 
Reasonable accommodation (in terms of availability, accessibility 
[geographical and financial], acceptability and adaptability) is not responsive 
fulfil the needs of deaf-blind learners. Currently, there is a shortage of schools 
for learners with special educational needs or disabilities (SEND) and even 
fewer schools cater for deaf-blind learners. Consequently, parents are often 
turned away from schools or placed on waiting lists because of unavailable 
spaces. This is further compounded in schools catering to the needs of deaf-
blind children, as far fewer schools exist for this population or accommodate 
these children.

Schools for deaf-blind children also have a shortage of teachers who are 
adequately trained to teach them (Manga & Masuku 2020). Most available 
schools are far and not easily accessible to the children and their families. 
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Maguvhe (2014) lamented that, in South Africa, the curricula for deaf-blind 
learners are not aligned with the national curricula. As a result of this lack 
of alignment, schools are bestowing institution-based certification, which 
potential employers do not recognise. There is, therefore, a need to ensure 
that the curricula are also in line with the curriculum of the country (Maguvhe 
2014).

The aforementioned discussion suggests that South Africa still has a long 
way to go in addressing the health and educational needs of deaf-blind 
children.

9.4. Recommendations and solutions
This section outlines the solutions and recommendations for the potential 
prevention of deafblindness, early detection and the enhancement of the QoL 
of deaf-blind children and their families in sub-Saharan Africa:

 • Considering the causes of deafblindness (e.g. infections and preterm 
births), it is important to strengthen maternal health care programmes, 
specifically antenatal clinics in public health care facilities to improve 
maternal health and reduce mortality and disability. Antenatal clinics and 
postnatal health care services provide a critical opportunity to implement 
interventions. This is particularly relevant because the rate of preterm 
births is higher in LMICs such as South Africa (WHO 2012) than in HICs.

 • Maternal health care programmes should include maternal immunisations 
for mothers during their pregnancy to target potential infections in both 
the pregnant mother and fetus. Maternal immunisations should ideally be 
scheduled along with antenatal classes as expectant mothers tend to be 
more accessible to medical care during the period of antenatal care. 
Arguably this has been achieved in South Africa, even though this may not 
be the case in the rest of sub-Saharan Africa. It cannot be taken for granted 
that all pregnant mothers attend antenatal classes. Therefore, primary 
health care through the involvement of CHW must encourage pregnant 
women in communities to attend antenatal classes as this may result in 
improved quality of care before, during and after pregnancy.

 • Health promotion (at the primary health care level as well as at the 
community level) regarding sexual and reproductive health should cater to 
both adolescent girls and women. This will empower both girls and women 
to make informed choices related to family planning strategies as early as 
possible. Health promotion information will also assist in addressing 
decisions related to adolescent pregnancies and gaps between births. 
Health-related information related to unhealthy pre-pregnancy weight, 
chronic diseases, prevention, screening and management of infectious 
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diseases such as HIV and AIDS and sexually transmitted infections, 
substance abuse and poor psychological health need to be included in 
health promotion and prevention strategies, as these factors have been 
identified as risk factors for preterm births.

 • Care needs to be taken when compiling health literacy information. 
Adequate health literacy information needs to be provided in a language 
and formats that can be understood by expectant mothers regardless of 
their literacy levels. In their health promotion programmes and literacy 
information, health care workers need to emphasise the importance of 
promoting healthy nutrition and environmental and occupational health.

 • There is also a need for developing countries such as South Africa to 
implement medical strategies that facilitate improved childbirth practices 
to limit preterm births.

 • Early hearing loss and visual loss with universal and targeted screening are 
highly recommended to implement prompt intervention in the case of 
identified cases.

 • The authors of this chapter also recommend an interdisciplinary approach 
to prevent deafblindness in children. This approach is relevant, especially 
considering the interface between health-, education- and social-related 
implications of deafblindness for the affected individual and their families. 
Having recommended this approach, it is imperative to acknowledge that 
deafblindness is still a disability that is not well-known to most people, 
including the health care thereof, education and treating clinicians. This is 
partly because of its low prevalence, so these professionals may not be 
adequately trained to manage deaf-blind children, thus disadvantaging 
them. This emphasises the need for awareness, training and support for 
these professionals who provide acceptable quality services to improve 
the livelihood of deaf-blind children.

 • Even though the value of inclusive education is acknowledged and 
supported by the authors of this chapter, especially in its quest to ensure 
education for all children through the accommodation of children with 
disabilities in school and preventing othering and isolation of these children, 
this system of education may not be ideal for all children who are visually- 
and hearing-impaired, considering their specific communication, 
development and educational needs. The authors believe that some deaf-
blind learners may benefit from schools that cater to their specific needs. 
Schools must be equipped with educators who are trained specifically in 
deafblindness. Ongoing support from speech-language therapy, 
audiological intervention, occupational therapists, psychologists and other 
relevant professionals through the development of individualised 
educational and rehabilitation plans needs to be provided. Caregiver 
involvement is imperative in the management process.

 • Governments must commit to providing the necessary resources that will 
make education accessible to deaf-blind children. Strategies for successful 
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policy implementation and monitoring need to be strengthened to ensure 
that policies related to access to education for children with disabilities 
achieve the desired outcomes. Investment must be made in the provision of 
assistive and augmentative and alternative communication devices.

 • There is a need to re-engineer the curricula offered to deaf-blind children 
if they are going to be meaningful contributors to the country’s economy. 
Maguvhe (2014) specifically recommended that the curriculum must have 
goals and achievable outcomes for teaching deaf-blind learners.

 • Accommodation strategies such as curriculum differentiation that will 
make learning for children living with deafblindness meaningful need 
careful deliberation.

9.5. Conclusion
Early detection and intervention of deafblindness during the first year of life 
are recommended as the gold standard for these children flourish with 
positive communication, educational and employment outcomes (Anthony 
et al. 2015). Although the incidence of deafblindness is low, it has 
implications  for the QoL of the child with deafblindness and their family 
and  health promotion initiatives, particularly those relating to the SDGs. 
While deafblindness, as a disability, cannot be completely eradicated, its 
incidence and negative impact can be significantly reduced through 
primary and secondary prevention. This will alleviate the burden of disease 
in countries that already face access to health care challenging.

To achieve this, it is important to advocate for primary and secondary 
prevention activities of deafblindness. Evidence suggests that in developing 
countries, early detection and intervention are yet to be achieved, as detection 
and intervention for deaf-blind children do not occur until children reach 
school age. This finding, coupled with factors such as the unique and complex 
nature of deafblindness, its progression and multiple causes, justifies the 
intervention of deafblindness across different levels of prevention (Moroe 2021).

Preventive audiology has a significant role to play in potentially preventing 
deafblindness across all levels of prevention. In primary prevention, preventive 
audiology can contribute through campaigns that highlight the risk factors 
associated with deafblindness in babies and children. In secondary prevention, 
preventive audiology plays a significant role in early detection and intervention 
in deaf-blind children. Finally, in tertiary prevention, preventive audiology 
should focus on the provision of aural habilitative services, facilitation of 
reasonable accommodation access to information and resources for deaf-
blind children and their families, as well as timely referral to other professionals. 
This will contribute to lessening the lifelong and progressive negative effects 
of deafblindness in babies and young children, with consequent improved 
QoL for them and their families.
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10.1. Introduction
Health economics is the comparative analysis of alternative courses of health 
care actions with regard to both costs and consequences (Dukhanin et al. 
2018). Assessing economic value in health care is not a new concept, but in 
recent years health economics has been widely used to help prioritise resource 
allocation for health care and public health care services (Doshi & Willke 2017; 
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Dukhanin et al. 2018). Health economics bridges the gap between the theory, 
economics and practice of health care. Its earliest roots date back to 1932, 
with the formation of the Bureau of Medical Economics by the American 
Medical Association. However, the first publication of this science as ‘health 
economics’ was in 1958 (Jakovljevic & Ogura 2016). Since then, this field has 
experienced great development and extensive diversification from its earliest 
roots into the various sub-disciplines available today (Blumenschein & 
Johannesson 1996; Jakovljevic & Ogura 2016).

Focus on health economics has underscored the need for decision-makers 
to evaluate health care interventions’ health and cost impacts (Lakdawalla 
et al. 2018) and ensure cost-effective, evidence-based practice where 
limited health care benefits are maximised (Gage et al. 2006; Kernick 2002). 
Evaluation of health care has traditionally focused on the cost associated 
with  individual components of care such as inpatient and outpatient health 
care, as well as pharmaceutical costs, while benefits to health care were 
generally focused on the short-term outcomes related to acute health care 
(Mauskopf et al. 1998). Health care costs are, however, interconnected and 
so consideration of the total health care costs, as opposed to consideration 
of  the individual health care costs, is warranted (Mauskopf et al. 1998; 
Remme, Martínez-Alvarez & Vassall 2017), given that increasing expenditure 
in one aspect of health care may decrease expenditure in another aspect of 
health care and overall health care savings (Mauskopf et al. 1998).

Furthermore, analysis of health care costs focusing only on illness and 
disease provides a single-sided view of the direct costs without due 
consideration of the indirect costs, such as lost or diminished productivity and 
the need for social and educational support (Mauskopf et al. 1998). Good 
health is a combination of a range of biological, environmental, behavioural 
and social factors; thus, quality health care service is only one aspect of how 
good health is achieved (Remme et al. 2017). Thus, decision-makers need all 
this information to make informed decisions regarding the allocation of scarce 
health care resources (Mauskopf et al. 1998). A holistic evaluation of health 
care is in contrast to evaluation frameworks that limit the evaluation to health 
care services used to allocate resources, compromising patients’ QoL 
(Remme et al. 2017).

Despite the evident value of health economics, there has been a reluctance 
to embrace this formal approach for health care resource allocation decisions 
in Europe and the United States (Bate, Donaldson & Murtagh 2007; Gage 
et al. 2006; Lakdawalla et al. 2018). Davies et al.’s (1994) appraisal of health 
care technology in the European community revealed that economic evaluation 
had a relatively low impact on health care policy and decision-making. Similar 
results were reported by Russell et al. (1996), who revealed that CEA seldom 
informed health services in the United States. Reasons provided for the low 
impact of these analyses in health care include difficulties accessing relevant 
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information, the information provided not being in a format that is 
understandable to non-economists, the information answers questions from a 
different perspective from that of decision-makers and an insufficient supply 
of the information in a timely fashion (Bate et al. 2007; Lakdawalla et al. 2018). 
However, the need remains for a comprehensive outcomes assessment for 
new health care interventions (Mauskopf et al. 1998).

10.2. Economic evaluation of early hearing 
detection and intervention programmes

Childhood hearing impairment constitutes one of the most prevalent sensory 
impairments; consequently, it incurs substantial economic costs to society 
(Chorozoglou et al. 2018). Future projections estimate that hearing impairment 
will be the fifth leading cause of the burden of disease globally by 2030 (WHO 
2020). The economic impact of unaddressed hearing impairment and 
subsequent multifaceted and negative effects of the hearing impairment at a 
personal and societal level render EHDI efforts imperative for children who 
present with congenital or early-onset hearing impairment. However, public 
health care interventions such as EHDI services need to demonstrate the 
magnitude of the benefits relative to the financial cost of the service, especially 
in LMICs, which are characterised by over-burdened health care systems and 
resource constraints (Remme et al. 2017). This chapter outlines the most 
commonly used economic evaluation methods and their application to the 
field of audiology and EHDI services. Furthermore, it provides recommendations 
using these methods to garner political and funding support in LMICs such as 
South Africa.

10.2.1. Economic impact of childhood hearing 
impairment

Hearing impairment is a significant contributor to the burden of disease, 
ranking it as the fourth leading contributor to years lived with disability (YLD) 
globally (Swanepoel & Clark 2018), higher than chronic diseases such as 
diabetes, dementia and chronic obstructive pulmonary disease (WHO 2020). 
Figures estimate that 737 (6%) out of the 12 million infants born annually in 
LMICs such as South Africa are born with a congenital or early-onset hearing 
impairment (Störbeck 2012). Thus, six newborns per 1000 live births in LMICs 
are born with a congenital or early-onset hearing impairment, as opposed to 
two newborns per 1000 live births in HICs (Peer 2015).

The early years during childhood are crucial for optimum speech and 
language development. Thus, an unaddressed hearing impairment at this age 
has a negative impact characterised by delays in speech and language 
development, psychosocial development, cognitive skills development, 
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literacy development, academic achievement, employment and social 
integration, especially in LMICs (Maluleke, Khoza-Shangase & Kanji 2019; 
Störbeck 2012; Swanepoel & Hall 2010). However, there is a dearth of 
population-based longitudinal data that measure the economic impact of 
hearing impairment (National Academies of Sciences 2016). However, the 
economic impact of an unaddressed hearing impairment across the lifespan 
of one individual is estimated at $1 million international, with an annual global 
cost of $750bn–$790bn for moderate to severe hearing impairment (greater 
than 35 dB in the better ear) (WHO 2017). Between 63% and 73% of the 
estimated $750bn–$790bn costs are incurred in LMICs (WHO 2020).

The reported annual global cost of $750bn–$790bn for an unaddressed 
hearing impairment across the lifespan includes costs associated with health 
care, educational support, loss of productivity and cost societal costs. 
However, this amount does not cover the cost of hearing devices (WHO 2020). 
Furthermore, these costs do not include the cost of providing informal care, 
preschool and higher education for children with hearing impairment 
because of a lack of documented literature in these areas. Moreover, there is a 
lack of country-specific data, especially in LMICs (WHO 2017). These costs 
are calculated for moderate or higher degrees of hearing impairment, with the 
conservative assumption that additional costs for educational support for 
children with hearing impairment are only incurred in children with at least 
moderately severe hearing impairment (greater than 50 decibels) (WHO 
2017). These costs should be understood within the reality that even a mild 
unilateral hearing loss and or a transient hearing loss can have a negative 
effect on academic/speech-language development.

Childhood hearing impairment is an aetiologically heterogeneous condition 
(Olusanya 2012), with estimates suggesting that 50% of congenital hearing 
impairment has a genetic aetiology (Ahmed, Shubina-Oleinik & Holt 2017). 
Furthermore, preventable causes such as birth asphyxia, chronic OM, measles 
and mumps, use of ototoxic medication and exposure to excessive noise 
contribute to the high prevalence of childhood hearing impairment (Olusanya 
2012; WHO 2020). While some aetiologies for childhood hearing impairment 
are preventable, prevailing socio-economic and weak health care systems in 
many LMICs render complete elimination or significant reduction of these 
causes unattainable (Olusanya 2012; Peer 2015). Therefore, complete 
prevention of both genetic and non-genetic hearing impairment in childhood 
is unlikely to be achieved in any country (Olusanya 2012).

Consequently, secondary prevention of childhood hearing impairment 
through EHDI becomes imperative to provide safety nets for those who 
unavoidably will be hearing impaired (Olusanya 2012). However, South Africa 
is characterised by an over-burdened health care system where hearing 
impairment competes with other life-threatening health priorities for the 
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limited resources available (Maphumulo & Bhengu 2019). Thus, childhood 
hearing impairment is viewed as less urgent and has consequently received 
lesser financial attention and political will from the DoH (Maluleke, Chiwutsi & 
Khoza-Shangase 2021a). Furthermore, hearing health care professionals are 
unable to meet the burgeoning volume of needs while performing at capacity 
within significant budgeting constraints (Khoza-Shangase & Michal 2014; 
Swanepoel & Clark 2018). Chapters 2 and 3 explores the capacity versus 
demand challenges and how these negatively impact service delivery within 
the South African context.

Without EHDI services, the mean age at identification of congenital or 
early-onset hearing impairment is two years and three months; following 
maternal suspicion of the hearing impairment because of significant delays 
in developmental milestones (Khoza-Shangase & Michal 2014; Maluleke 
et  al. 2019). Preventive efforts such as EHDI are the most cost-effective 
and  high-yielding strategy to combat the negative effects of hearing 
impairment, especially in resource-constrained LMICs (Leclair & Saunders 
2019; Maluleke et al. 2021b). Through EHDI services, the devastating, 
multifaceted and negative effects of hearing impairment can be mitigated 
at a personal and societal level (Meinzen-Derr, Wiley & Choo 2011; Vas, 
Akeroyd & Hall 2017). This affords children with hearing impairment an 
opportunity and resources to develop speech and language abilities on par 
with their peers with typical hearing (Maluleke et al. 2019). Early hearing 
detection and intervention are recognised as the gold standard of care for 
the assessment and management of early childhood hearing impairment 
(Olusanya 2012) and are also recognised as an undeniable right for children 
with hearing impairment and their families (Pribanikj & Milkovikj 2009).

The goal of EHDI is to ensure that all infants are identified as early as 
possible and for appropriate intervention to commence no later than 
three-to-six-months-old (Dukhanin et al. 2018; JCIH 2019). This approach falls 
within the preventive care model of service delivery, providing a platform 
for  improved hearing health care (National Academies of Sciences 2016). 
Integrating ear-and-hearing health care in such public health approaches is 
the key to ensuring everyone’s sustainable and equitable access to services 
(Chadha, Kamenov & Cieza 2019). These efforts require sufficient availability 
of hearing health care professionals as well as hearing health care investment 
and expansion in LMICs, where children currently have high rates of hearing 
impairment, with little or no access to hearing health care services (Leclair & 
Saunders 2019).

Global health care policymakers face difficult financial decisions in 
balancing severely constrained health care budgets with the rising demand 
for health care services (Remme et al. 2017). Thus, it is imperative that 
policymakers are knowledgeable about the economic costs of health 
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problems, including hearing impairment, and the potential costs that might 
be avoided to plan the best use of their health care budgets (WHO 2017). 
Thus, this chapter aligns EHDI services with the global agenda of SDGs and 
economic benefits in an effort to garner the necessary political support for 
resource allocation.

10.2.2. Aligning early hearing detection and 
intervention services to the sustainable development 
goals and economic benefit

The importance of economic value in health care has risen to more prominence 
in recent years because of the UHC movement (Sell 2019). The world agreed to 
UHC as a priority (Ghebreyesus 2017). Universal health care coverage is defined 
as access to key affordable preventive, curative and rehabilitative health care 
interventions for all (Awoonor-Williams et al. 2016; Shisana et al. 2006) and 
embraces fairness, equity and benefit with international reach (Cerf 2020). 
In order to meet the objectives of UHC, numerous HICs and LMICs, including 
South Africa, are introducing or extending their UHC efforts (Fusheini & Eyles 
2016). This process requires governments to define essential service packages 
guaranteed to all citizens (International Health Partnership 2018).

Designing essential service packages in the era of UHC requires both cost-
effectiveness and budget impact information for health care services in 
different settings (International Health Partnership 2018). Thus, a health care 
service such as EHDI must be aligned with the SDGs and demonstrate 
economic benefit to earn the necessary and strong political will to 
receive  allocation of the limited funds, which is currently lacking (Khoza-
Shangase 2020; Khoza-Shangase & Michal 2014; Olusanya 2012). 
Sustainable development goals aim to tackle socio-economic inequities and 
environmental factors hampering human development (Remme et al. 2017). 
Various nations committed to 17 interconnected SDGs and the 169 targets 
that underpin them, to be met by 2030 at the United Nations in September 
2015 (Stafford-Smith et al. 2017). The interconnectedness of the SDGs 
reflects  the fact that sustainable development in any country requires 
multidimensional and multi-sectoral policy interventions (Tangcharoensathien, 
Mills & Palu 2015). The SDGs are an expansion of the MDGs, which expired 
in  2015 (Stafford-Smith et al. 2017; Tangcharoensathien et al. 2015). Unlike 
the  MDGs, SDGs reflect a more holistic understanding of the nature of 
sustainable development and its interaction with human health, environmental 
protection and social justice (Bennett et al. 2020; Dukhanin et al. 2018).

Similarly, health promotions and addressing health inequities involve the 
integration of multilevel interventions with an emphasise on enabling healthy 
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environments, re-orientating health services and promoting well-being and 
healthy choices (Fortune et al. 2018). The SDG 3 calls for governments to 
ensure healthy living and promote well-being for all at all ages, with a focus 
on all health conditions (Bennett et al. 2020; Leclair & Saunders 2019). 
Advancing global child health and well-being involves more than achieving 
gains towards the under-five and neonatal mortality targets as outlined in 
SDG 3 (Alfvén et al. 2019). Although mortality indicators are critical for 
monitoring progress, they do not provide a holistic picture of the burden of 
disease borne by children, their families and society (Alfvén et al. 2019). 
Children need to thrive, and their health and well-being need to form the core 
of what will become society’s future human capital and a resource for 
tomorrow’s affluence (Alfvén et al. 2019).

Thus, growing public health care issues such as childhood hearing 
impairment are significant barriers to the child’s ability to thrive. In order to 
ensure that children with hearing impairment develop into resources and 
future human capital for tomorrow’s affluence, the hearing impairment must 
be addressed through appropriate efforts in hearing impairment prevention, 
identification and treatment according to SDG 3 (Leclair & Saunders 2019). 
Furthermore, the educational repercussions of childhood hearing impairment 
must be addressed, according to SDG 4, which calls for inclusive and equitable 
quality education and the promotion of lifelong learning opportunities for all 
(Leclair & Saunders 2019). Achieving these and various other goals for children 
with hearing impairment will require hearing health care investment and 
expansion, especially in LMICs (Leclair & Saunders 2019). Thus, EHDI services 
need to demonstrate that the extent of additional benefits relative to the 
degree of additional costs is greatest, subject to identified budget constraints, 
within LMICs (McNamee et al. 2016), hence the need for the economic 
evaluation of EHDI services.

10.2.3. Economic evaluation of early hearing 
detection and intervention

Economic evaluations vary in scope and purpose (Grosse et al. 2018). In an 
effort to demonstrate the magnitude of additional benefits relative to the 
magnitude of additional costs, a full economic valuation is warranted. A full 
economic evaluation assesses the balance of intervention costs with the 
resultant health outcomes and costs that have been avoided as a result (Grosse 
et al. 2018).

The SDGs have set much higher and more ambitious health-related 
goals and targets than the MDGs (Tangcharoensathien et al. 2015). However, 
confronting choices about how to spend society’s limited resources on 
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health  care is not an easy task (Neuman 2017; Neumann & Sanders 2017). 
Although prevention efforts such as EHDI can be the most cost-effective 
way  to maintain the health of the population in a sustainable manner, 
concerns  about the upfront costs and intangibility of outcomes frequently 
lead to a lack of action and continued investment in increasingly expensive 
curative approaches (Ghebreyesus 2017; WHO 2014). Within economic 
evaluations, cost-effective refers to an intervention that improves long-term 
health and economic outcomes (Grosse et al. 2018).

McNamee and colleagues (2016) argued that there are various ways to 
conduct an economic evaluation of health interventions; and provide useful 
evidence about health equity impact and their trade-offs (Cookson et al. 
2017). Economic evaluations of EHDI services have typically been partial 
analyses of the estimated costs of implementing UNHS using different 
screening technologies; only a smaller number of analyses have attempted to 
calculate the health and economic benefits of early detection of hearing loss 
or deafness (Grosse et al. 2018). The most commonly used economic evaluation 
methods with their application in the field of audiology and EHDI services are 
discussed next.

 10.2.3.1. Cost-consequence analysis
Cost-consequence analysis (CCA) is an extension of cost-effectiveness 
analysis (CEA). With CCA, multiple benefits are measured and reported 
separately (see Table 10.1) (McNamee et al. 2016). It is recommended in 
complex interventions where outcomes cannot be easily converted to 
monetary value or reported in one health measure (Sørensen et al. 2020). 
Cost-consequences analysis only considers intermediate outcomes. Within 
EHDI, various studies have evaluated the cost of screening and diagnosis per 
diagnosis achieved (Grosse et al. 2018). What is evident from these studies is 
that costs are highly variable across studies as a function of multiple factors 
such as methodological differences, the personnel conducting the screening 
and the technology used for the screening (Grosse et al. 2018). Thus, in CCA, 
a series of outcome measures are presented alongside the costs, enabling 
decision-makers to consider the outcomes most relevant to them (Hartfiel & 
Edwards 2019). Cost-consequence analysis provides a clear, descriptive 
summary for decision-makers that is often easier to interpret than cost-
effectiveness, cost-utility and cost–benefit analysis (Gage et al. 2006; Hartfiel & 
Edwards 2019). However, CCA does not provide guidance regarding how the 
different outcomes should be weighed against each other, especially in cases 
whereby some outcomes show benefits and some show disbenefits 
necessitating a decision on the relative value of each outcome (Hartfiel & 
Edwards 2019).
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 10.2.3.2. Cost-benefit analysis
Cost-benefit analysis (CBA) measures the benefits of the programme in 
monetary terms. It adds up all the total costs of an intervention and compares 
them against its total benefits or outcomes (see Table 10.2) (McNamee et al. 
2016; WHO 2017). This method assumes that a monetary value can be 
associated with all the costs and benefits of a health care intervention, 
including tangible and intangible returns (Rognoni et al. 2020). Thus, it allows 
for direct calculation of the net monetary cost of achieving a health outcome 
(Robertson, Skelly & Phillips 2019; WHO 2016). However, evaluating health 
outcomes in monetary terms is somewhat controversial, thus limiting the use 
of this method in health care (WHO 2016). Consequently, this method is 
prominently used in environment and transport appraisal (McNamee et al. 
2016). However, CBA forms part of decision-making in some HICs, such as the 
United States where CAE and cost-utility analysis (CUA) is not widely used at 
the policy level (Sharma et al. 2019). Chapter 6 delves into challenges around 
cost–benefit analysis in audiology, with ototoxicity as a case example.

TABLE 10.1: Example of a Cost-consequence tabulation.

Component category Cost components Drug A Drug B
Units Costs Units Costs

Direct medical care use/costs Drug A/B

Other drugs

Physician visits

Hospital stays

Home care

Other medical care (e.g. dialysis)

- - - -

Direct non-medical care use/
costs

Transportation

Crutches and other equipment

Paid caregiver time

- - - -

Indirect resource use/costs Time missed from work for patients

Time missed from work for unpaid caregivers

Time missed from other activities for patients

Time missed from other activities for unpaid 
caregivers

- - - -

Total direct and indirect costs - - - -

Symptom impact Patient distress days

Patient disability days

- - - -

Quality of life impact Quality-adjusted life-years decrement

Quality of life profile measure scores

- - - -

Source: Mauskopf et al. (1998).
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 10.2.3.3. Cost-effectiveness analysis
Cost-effectiveness analysis (CEA) expresses the costs and consequences of 
alternative interventions as cost per unit of health outcome (WHO 2014). 
It quantifies the health gains per given expenditure on a health intervention 
and can only be measured in comparison with two or more other interventions 
(Grosse et al. 2018; Verguet, Kim & Jamison 2016). Cost-effectiveness analysis 
also reflects the relationship between the lifetime monetary costs of an 
intervention and the resultant health benefits, which can be measured in terms 
of either the life-years gained (LYG), quality-adjusted life-years (QALYs) or 
disability-adjusted life years (DALY) averted by an intervention (Saunders, 
Francis & Skarzynski 2016).

The primary objective of CEA is to maximise societal welfare and universal 
health care for all (Cookson et al. 2017). CEA’s cost items include any resources 
with an opportunity cost associated with the health care programme. Benefit 
items include health effects and other impacts on people’s well-being. 
(Lakdawalla et al. 2018; McIntosh et al. 1999). While cost is measured in 
monetary terms, effectiveness is measured independently and may be 
measured in terms of clinical outcomes such as LYGs, QALYs or DALYs to 
account for the QoL outcomes (McGregor 2003).

When comparing interventions during a CEA, the incremental cost-
effectiveness ratio (ICER) is often used to express the result (Lakdawalla et al. 
2018). The ICER is the difference in costs divided by the difference in health 
effects (Lakdawalla et al. 2018). Thus, the ICER describes the incremental 
price of obtaining a unit of health effect from a given health intervention when 
compared with an alternative intervention (Saunders et al. 2016). The ICER 
value is used to determine which interventions are cost-effective and are to 
be included in prioritised health interventions (Remme et al. 2017). However, 
the ICER value cannot be used to make a recommendation to policymakers 
without prior decisions by policymakers on what constitutes a health effect or 
what the cost targets or thresholds are. Cost targets or thresholds are typically 
based on per capita gross domestic product (GDP) (Lakdawalla et al. 2018). 
According to WHO’s (2014) Choosing Interventions that are Cost-Effective 
(WHO-CHOICE) project, an intervention that costs less than three times the 
national annual GDP per capita is considered cost-effective, whereas an 

TABLE 10.2: Costs and benefits.

Organisations incurring resource use/costs Form of benefits to patients/public
National Health Service Gains in health

Other public section Other non-healthy benefits, for example, information 
and reassurance

Patients and their families Process benefits, for example, reduced waiting times

Source: McIntosh, Donaldson and Ryan (1999).
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intervention that costs less than one times the national GDP per capita is 
considered highly cost-effective.

Cost-effectiveness analysis is used globally to inform priority settings in 
health care and public health care settings (Cookson et al. 2017; Dukhanin 
et al. 2018). Furthermore, it is used to inform decisions on how to maximise 
health returns from limited resources (Neumann & Sanders 2017). It provides 
a specific, theoretically well-grounded structure for combining the cost and 
benefit of an intervention (Doshi & Willke 2017), thus demonstrating the 
intervention approach providing the most health outcomes possible with 
available resources (Neumann & Sanders 2017).

Cost-effectiveness analysis is the most common economic evaluation 
method conducted within the field of audiology and EHDI in particular. Some 
of the CEAs conducted in EHDI, as obtained during a literature review search, 
include: 

1. cost-effectiveness of neonatal hearing screening programmes in China 
(Tobe et al. 2013)

2. cost-effectiveness of UNHS compared to no screening (Grosse et al. 2018)
3. cost and outcome of conducting hearing screening programmes using a 

two-step DPOAE screening protocol (Ramkuma et al. 2018)
4. cost-effectiveness of AABR in universal neonatal hearing screening (Heidari 

et al. 2017). 

Most economic evaluations, as illustrated by the studies outlined above, 
have been partial analyses that focused on estimating the cost of 
implementing UNHS using different screening technologies. Saunders and 
colleagues (2015) compared the cost-effectiveness of deaf education versus 
cochlear implants for children with severe-to-profound sensorineural hearing 
loss using DALYs in low-resource environments. However, this study is only 
one of a few studies that have estimated the potential reduction in the costs 
of special education services for some children (Grosse et al. 2018). 
Furthermore, within CEA, there is a dearth of analyses that have attempted 
to calculate the health and economic benefits of early detection of hearing 
impairment and its subsequent management. However, if audiologists are to 
be strong advocates for audiological services, including EHDI, an 
understanding of and employment of these cost-effectiveness evaluations is 
warranted (Saunders et al. 2016). Cost-effectiveness analysis is the 
recommended method of economic evaluation in health care as it is better 
suited to address the UHC objectives and for allocating scarce health care 
resources (Culyer & Chalkidou 2019), a required need for the South African 
context. Furthermore, the WHO strongly advocates for the use of CEA in 
order to help governments set health care priorities in both HICs and LMICs 
(Saunders et al. 2016).
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 10.2.3.4. Cost-utility analysis
Cost-utility analysis (CUA) is a form of CEA that allows for the comparison of 
different health outcomes in terms of quality-adjusted-life-years (QALYs) 
(McGregor 2003; McNamee et al. 2016). It is used to compare two different 
interventions whose benefits may be different; thus, it provides value judgment 
about increases in the utility (QALYs) associated with different health 
outcomes (Kaur et al. 2020; McGregor 2003). Utility is a measure of value or 
preference attached to a health outcome and is linked to QoL measures 
(Saunders et al. 2016). This is achieved by assigning a utility to any state of 
health or disability on a scale ranging from 0 (immediate death) to 1 (state of 
perfect health). The outcomes of any health intervention can then be calculated 
as the product of an increase in utility that the intervention may cause and the 
time in years that it may be enjoyed (McGregor 2003; Steele et al. 2007).

Cost-utility analysis is particularly useful when comparing two different 
procedures or interventions whose benefits may be different and for which 
limited resources must be allocated across an entire population. Consequently, 
interventions that are expected to produce fewer QALYs for any given cost 
are given lower priority when allocating scarce resources (McGregor 2003). 
This method of analysis has been used effectively in the field of audiology to 
demonstrate the cost-effectiveness of cochlear implants, resulting in cochlear 
implants being funded in both public and private health care sectors (Foteff 
et al. 2016; Qiu et al. 2017; Saunders et al. 2016).

 10.2.3.5. Conjoint analysis
Economic evaluations focusing on the cost of interventions and their outcomes 
are only one component of many elements involved in health care decision-
making. Other important considerations include legal, ethical, cultural and 
political concerns; pragmatic issues of logistics, feasibility; and, importantly, 
patients’ expectations and preferences (Neumann & Sanders 2017), hence the 
need for conjoint analysis. Conjoint analysis is an evaluation approach that 
uses survey methods to elicit trade-offs among attributes and attribute levels 
to determine respondents’ preferences for alternative products (Marshall 
et al. 2010). It is a method of eliciting stated preferences from patients that 
goes beyond traditional health care outcome measures to account for non-
health outcome attributes in the process of delivery of health care services 
(Lancsar & Louviere 2008).

The underlying theory of a conjoint analysis is that a product or service can 
be described by its characteristics or attributes (Ryan & Farrar 2000). This 
survey method provides an estimation of the relative importance people 
attribute to various components of health care, measures how individuals are 
willing to trade between these characteristics and estimates the overall 
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satisfaction they gain from various forms of health service provision (Fitzpatrick 
et al. 2019). A conjoint analysis offers a mechanism for patients to participate 
in decision-making and considers how different stakeholders may value 
outcomes (Bridges et al. 2011; Marshall et al. 2010); thus, helping decision-
makers understand the health care service choices of communities, the 
perspectives of different user segments or the unique preferences of individual 
patients (Cunningham, Deal & Chen 2010).

In the field of audiology, only a handful of conjoint analyses have been 
conducted thus far. In one of the studies, Fitzpatrick and colleagues (2019) 
used conjoint analysis to quantify parents’ preference for service attributes 
for children with mild bilateral or unilateral hearing impairments. In another 
study, Findlen, Malhotra and Adunka (2019) investigated parent perspectives 
on multidisciplinary paediatric hearing health care. The complex nature of 
childhood hearing loss requires a clinical approach that is inclusive of multiple 
providers from varied disciplines providing well-coordinated health care 
(Findlen et al. 2019). Thus, conjoint analysis provides a systematic way of 
evaluating the clinical process and outcomes while taking into account various 
factors such as costs, benefits and end-user preferences (Findlen et al. 2019).

10.3. Solutions, recommendations and 
future research

The environment in hearing health care is changing rapidly. These changes have 
had and will continue to have a profound influence on the audiologist’s scope 
of practice and the service delivery that audiologists provide to their clients. 
Thus, there is an urgent global need for health care sector decision-makers to 
evaluate both health and economic impact in considering the adoption and 
implementation of various health care services (Lakdawalla et al. 2018).

According to WHOs (2014), European regional office:

Containing or reducing the costs of health care without negative effects on health 
outcomes requires cost-effective prevention interventions to play a much more 
substantial role. If health spending is to be reduced or even stabilized, without 
compromising quality and outcomes, further measures are needed. (p. 11)

Funding for prevention remains a small proportion of overall health care 
spending but can represent excellent value for money. Gains in both the short 
and long term, as well as for sectors other than health care, are possible 
(cf. WHO 2014, p. 15).

Early hearing detection and intervention of childhood hearing impairment 
are imperative in order to provide safety nets for children who unavoidably 
will present with hearing impairment (Olusanya 2012). However, despite the 
widely reported effectiveness of these programmes in HICs, EHDI programmes 
in LMICs, including South Africa, lack the necessary support from policy and 



Economic evaluation of EHDI programmes in South Africa

212

legislature as well as budget allocation. The WHO (2017) recommended the 
use of the knowledge of the economic costs associated with any health care 
problem, such as hearing impairment, and the potential costs that might be 
avoided, as a powerful tool for policymakers in planning the best use of 
their health care budgets. Thus, to garner political and funding support for 
EHDI services within resource-constrained LMICs, South Africa must 
demonstrate the cost-effectiveness of these services with due consideration 
of the following factors:

1. Aligning EHDI outcomes with the SDGs, especially UHC.
2. Demonstrating substantial effects of EHDI programmes beyond the health 

care system into interrelated sectors such as education, social services and 
economic productivity.

3. Careful tailoring of EHDI programmes based on caregivers’ preferences of 
service attributes and what the buyer-patient, payer or society can afford.

Future research in this field could investigate the economic benefits of EHDI 
services within the South African context.

10.4. Conclusion
Health care costs will continue to receive scrutiny as health care budgets are 
increasingly squeezed (Mauskopf et al. 1998). However, economic evaluations 
in health care do not appear to have been an important direct contributor to 
mandating EHDI services in the United States and other European countries 
(Grosse et al. 2018). However, policymakers in the United States and other 
European countries took such analysis into consideration when developing 
EHDI policies. Thus, economic evaluations that provide stakeholders with an 
understanding of the costs or budgetary implications of new interventions are 
very influential, especially in the current climate of budgetary constraints in 
health care. Cost-effectiveness measures may not be an official policy criterion 
currently, but if one waits for the availability of evidence of long-term outcomes 
to conduct these economic evaluations, the opportunity to inform policy 
decisions and alleviate concerns from legislators about the cost implications 
of new policies, such as EHDI, may be missed.
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11.1. Introduction
Noise-induced hearing loss (NIHL) is 100% preventable through HCPs. The goal 
of an HCP is to eliminate the presence of noise as a risk factor, thereby preventing 
the development of NIHL in people exposed to hazardous noise levels. The 
principles underpinning HCPs are aligned with health promotion and disease 
prevention interventions. Therefore, this chapter seeks to demonstrate how 
disease prevention interventions complement the HCP pillars and the hierarchy 
of noise control. Furthermore, this chapter discusses the contextual factors 
contributing to the current status of the implemented HCPs. This is followed by 
a summary of recent advances in the prevention of NIHL. Lastly, the chapter 
offers recommendations on the management of NIHL within the African context.

Noise, an unwanted sound (Basner et al. 2014), is a ubiquitous environmental 
hazard of the modern world (Khan et al. 2010). It emanates from various 
recreational activities such as concerts, sporting events, lifestyle activities and 
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places of worship. Environmental sources include traffic and occupational 
activities such as construction, mining and manufacturing (Lusk et al. 2016; 
Oguntunde et al. 2019). According to Jamir, Nongkynrih and Gupta (2014), 
noise occurs in two major settings, namely, environmental noise and 
occupational noise. Environmental noise emanates from all sources, excluding 
noise produced in the industrial workplace (Jamir et al. 2014). The most 
common sources of environmental noise include traffic noise, loudspeakers, 
recreational activities and fireworks, to name a few. On the contrary, 
occupational noise emanating from work-related processes during the 
execution or performance of one’s occupation.

Prolonged exposure to noise is associated with a range of adverse effects 
including, but not limited to, annoyance, sleep disturbances, impaired cognitive 
performance and cardiovascular diseases such as hypertension (Dale et al. 
2015). Noise-induced hearing loss is also a common disability in noisy 
occupations (Ding, Yan & Liu 2019). Lusk et al. (2016) argued that the impact 
extends beyond annoyance. It is a public health hazard with significant 
negative effects on the health outcomes and economic outcomes of individuals 
exposed to excessive noise. As such, hazardous noise exposure is ranked a 
major public health agenda, particularly in LMICs (Yongbing & Martin 2013).

The effects of noise can be grouped into direct/auditory or indirect/
non-auditory impacts. The auditory effects (direct impact of exposure) include 
tinnitus (Delecrode et al. 2012), temporary and permanent threshold shift, and 
hearing loss (Ryan et al. 2016). Non-auditory effects (resulting from the 
indirect impact of exposure) include annoyance, masking of warning signals, 
communication difficulties and increased blood pressure (Basner et al. 2014; 
Park et al. 2017).

The health effects associated with hazardous noise exposure cannot be 
overemphasised. As such, Fink (2017) maintained that the safe noise level for 
the prevention of hearing loss is 70-decibel time-weighted average for a 24-h 
period, despite the National Institute for Occupational Safety and Health 
(NIOSH) recommending 85 A-weighted decibels as the minimum exposure 
level, beyond which the employer is mandated to implement an HCP (Fink 2017).

Hazardous noise exposure can potentially cause NIHL, which is a progressive 
sensorineural hearing impairment, because of prolonged exposure to excessive 
noise (Ding et al. 2019). Globally, NIHL is the second most common cause of 
acquired hearing loss, after presbyacusis (Mostaghaci et al. 2013). In 2017, WHO 
(2017) reported that globally, 360 million people have severe hearing loss, with 
close to 1.1 billion young people (aged between 12 and 35 years) having a 
propensity to develop a hearing loss, a portion of which is because of excessive 
noise exposure (Chadha & Cieza 2017; Ding et al. 2019).

Noise-induced hearing loss is not life-threatening, even though it is 
associated with cardiovascular disease. However, the effects of poorly 
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managed hearing loss impact the financial health and well-being of the 
affected individual, their family, colleagues, employer and the State (Moroe 
2018). Fortunately, NIHL is 100% preventable through effectively managed 
and well-executed HCPs (Le et al. 2017). However, once present, it is irreparable 
(Arenas & Suter 2014; Kardous 2016). Moroe (2020a) described an HCP as a 
theory and evidence-based intervention built from seven non-linear but 
interacting pillars that act both independently and interdependently. These 
pillars are active in that their effectiveness is influenced by the engagement of 
different stakeholders during the formulation, implementation and evaluation 
of HCPs. Furthermore, the pillars are fragile and are embedded in multiple 
social systems that may include personal, interpersonal and environmental 
factors that may be outside of intervention efforts. Lastly, HCPs are open 
systems that feedback on themselves (Moroe 2018).

A comprehensive and effective HCP comprises seven pillars, namely, 
periodic noise exposure monitoring, engineering controls, administrative 
controls, personal hearing protection, audiometric evaluations, employee or 
management education and training and record-keeping (Hong et al. 2013). 
The goal of an HCP is to eliminate the presence of noise as a risk factor, thereby 
preventing the development of NIHL in people exposed to hazardous noise. 
Therefore, an HCP is designed and implemented according to the hierarchy of 
noise control which, in turn, is aligned with health promotion and disease 
prevention levels and strategies as depicted in Figure 11.1.

Health promotion is concerned with empowering people to exercise control 
over their health outcomes (Olukemi 2019). Prevention, on the contrary, is 
concerned with ‘measures to not only prevent the occurrence of disease but 
to also arrest progression and reduce consequences’ (Duplaga et al. 2016:478). 
The need for prevention cannot be overemphasised. Prevention is stratified 
into five levels, given as follows:

1. Primordial prevention: Interventions aimed at preventing the penetration 
of risk factors into the population (Pandve 2014a).

2. Primary prevention: Interventions concerned with precluding the onset of 
a disease or injury through risk reduction by either modifying exposures 
that potentially cause a disease or the enhancement of resistance to a 
disease agent (Duplaga et al. 2016; Pandve 2014a).

3. Secondary prevention: Interventions concerned with controlling or 
managing the disease before it manifests clinically (Duplaga et al. 2016).

4. Tertiary prevention: Aims to decrease the adverse effects of the disease and 
optimise the QoL of the affected individual (Duplaga et al. 2016; Pandve 
2014a).

5. Quaternary prevention: This entails taking action to identify workers at risk 
of over-medicalisation and protecting them from new, untested medical 
remedies while recommending interventions that are ethically sound 
(Pandve 2014b).
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Correspondingly, preventive occupational audiology in the form of an HCP 
encompasses these five levels.

In discussing prevention and HCPs in this chapter, it should be noted that 
the pillars of an HCP will not be discussed in a specific pattern. For instance, 
applying administrative controls such as rotating workers from a noisy area to 
a quieter area at the secondary level is aimed at delaying the development of 
ONIHL; at the tertiary level, the aim is to minimise the progression and the 
impact of excessive noise on an employee who has already suffered hearing 
loss. Additionally, the interventions that will be presented in this chapter are 
more in line with occupational noise exposure as these industries have 
legislations in place which govern their practises and response to health and 
safety in the workplace. Education, however, is applicable as a pillar that cuts 
across all levels of prevention and hierarchies of controls, and this will be 
illustrated in the discussion.

FIGURE 11.1: Diagram depicting the synergy of the components of noise-induced hearing loss prevention.
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11.1.1. Primordial prevention
Primordial prevention is concerned with interventions aimed at preventing 
the penetration of risk factors into the population (Pandve 2014a). This 
involves the implementation of interventions and education to avert health 
risk factors through individual and mass education on environmental, 
economic, social and behavioural attributes and cultural patterns of living. 
Therefore, primordial prevention is concerned with broader health 
determinants beyond personal exposure to risk, which is the focus of primary 
prevention (Pandve 2014a).

Concerning environmental and occupational noise, primordial prevention 
focuses on education, which is one of the pillars of an HCP, to conscientise 
people about noise, both the exposed and the unexposed. Hearing loss is an 
invisible disability (Tye-Murray 2009), and its effects are delayed and only 
realised when the damage has already occurred. Therefore, educating the 
general population on the effects of noise will potentially contribute towards 
health promotion that encourages people to take control of their ear-and-
hearing health care actively. According to Victor Hugo, as cited by Elahi 
(2006), ‘No cause can succeed without first making education its ally’. At the 
individual level, education can focus, for instance, on the impact of 
environmental noise, particularly on the use of personal listening devices and 
the impact of traffic noise on hearing. There is a growing concern about the 
increased exposure to recreational noise in settings such as nightclubs, bars, 
cinemas, concerts, live sporting events, fitness classes and even churches 
(WHO 2015). There is an increase in the use of recreational devices such as 
personal music players and video game consoles that emit sounds commonly 
operated at unsafe volumes (WHO 2015). Keppler, Dhooge and Vinck (2015) 
argued that the maximum equivalent continuous output levels of personal 
music players (PMPs) range between 97 dBA and 103 dBA for earbuds (insert 
earphones) and supra-aural headphones, respectively, while sound intensity 
levels at concerts and clubs can amount to 105 dBA and 112 dBA, respectively. 
These concerns are also echoed by Tung and Chao (2013), who lamented that 
in modern living environments, in addition to the general use of personal 
listening devices and going to clubs and concerts, many teenagers have 
developed a habit of using personal listening devices while reading, taking 
public transport or while sleeping.

Traffic noise is the biggest contributor to environmental noise. Reportedly, 
vehicular traffic contributes to approximately 55% of total urban noise (Vijay 
et al. 2015). Traffic noise adversely affects people exposed, with the biggest 
impact being on drivers. Interestingly, drivers are exposed to both 
environmental and occupational noise in that vehicles are a source of traffic/
environmental noise and the source of occupational noise for them. 
Consequently, drivers are exposed to many physical and physiological stresses 
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such as traffic noise, vibration, temperature fluctuations, ergonomic problems 
and safety risks such as accidents (Ansari et al. 2016), over and above 
communication difficulties. Kirchner et al. (2012) argued that the inability to 
hear poses a safety concern, as drivers’ hearing may be compromised and 
they may miss warning signals such as sirens, thereby increasing the risk of 
accidents. Therefore, education can go a long way in raising awareness among 
drivers and those affected by environmental noise about the dangers of 
excessive noise exposure. Furthermore, education can promote early detection 
of hearing loss where drivers can routinely undergo hearing assessments to 
monitor their hearing. Lastly, over and above the effects of environmental 
noise, people exposed to high levels of occupational noise face two big 
threats: the loss of employment and exposure to excessive noise for many 
hours each day over several years.

Education can raise awareness on risk factors associated with hazardous 
noise exposure at a mass or population level. These risk factors are grouped 
into non-modifiable and modifiable factors. Non-modifiable factors include 
age (Kerketta, Gartia & Bagh 2012), race (Pyykkö et al. 2007) and sex (Pratt 
et  al. 2009), while modifiable factors include smoking (Fabry et al. 2010), 
ototoxic agents (Kirchner et al. 2012) and ototoxic drugs used to treat diseases 
like HIV, AIDS, TB and cancer (Khoza-Shangase 2020a). Furthermore, 
education at this level can address auditory and non-auditory effects of 
hearing loss (Delecrode et al. 2012). Auditory effects are caused by the direct 
impact of noise, and these may include temporary and permanent threshold 
shifts resulting in hearing loss (Hind et al. 2011; Pienkowski 2017; Ryan et al. 
2016), while non-auditory effects result from indirect impact of exposure to 
excessive noise. These effects may manifest through annoyance, masking of 
warning signals, communication difficulties and increased blood pressure 
(Basner et al. 2014; Omer Ahmed 2012; Park et al. 2017).

It is important to raise awareness about the risk factors and effects of 
excessive exposure as the general population may not be aware of their 
susceptibility or the relationship between noise exposure and some medical 
conditions with which they may present. Education can promote collaboration 
between the general population and audiologists. This may create an 
environment where people can be made aware of the need to attend hearing 
evaluations and promote World Hearing Days as well as Deafness Awareness 
Weeks. A key benefit would be to promote and highlight the role of audiologists 
in the preservation of hearing across one’s lifespan. Education can also provide 
the population with communication strategies and address stigma associated 
with hearing loss. Occupationally, audiologists can be involved in teaching 
and training workers to adhere to the pillars of an HCP. More specifically, 
education can focus on the use of hearing protection devices (HPDs) when in 
noisy areas, compliance to audiometry screening and assessments, medical 
surveillance, monitoring changes to hearing patterns and reporting of 



Chapter 11

219

comorbidities that may render a worker susceptible to hearing loss and/or 
more significant hearing loss. Last, but not least, education at this prevention 
level can serve to sensitise the general population and individuals exposed to 
occupational and environmental noise to their rights. This encourages 
policymakers to develop regulations and permissible noise levels that are 
environmentally and occupationally friendly. Therefore, if the goal of primordial 
prevention is to prevent or stop the appearance of risk factors at a 
population level (Pandve 2014a), education needs to be prioritised at all levels 
of prevention.

11.1.2. Primary prevention
Primary prevention is concerned with precluding the onset of a disease or 
injury through risk reduction by either modifying exposures that potentially 
cause the disease or the enhancement of resistance to a disease agent 
(Duplaga et al. 2016; Pandve 2014a). Therefore, in preventive occupational 
audiology, primary prevention entails implementing comprehensive evidence 
and theory-based HCPs to reduce the risk of exposure in industries prone to 
excessive noise production such as mining, construction and the military 
(Feder et al. 2017).

According to the hierarchy of noise control, elimination is the primary 
preventive intervention in precluding the onset of ONIHL. However, noise is 
ubiquitous in these industries because of the machinery used. Chaudhary 
(2017) argued that noisy machinery is often a necessary component of certain 
work processes, and while machines can be made safer, they cannot be 
eliminated. Where elimination is not feasible, noisy machinery can be 
substituted or replaced. Substitution is the second most effective intervention 
for controlling risk factors by swapping one risk for another. Noisy machinery 
can be replaced with less noisy equipment, a strategy known as ‘buying quiet’. 
Buying quiet is an initiative aimed at buying quieter equipment as a measure 
to control noise at the source (Gumede et al. 2014). This is a long-term 
investment and is potentially arduous and costly (Bruce 2007; Suter 2012), 
although research shows that the benefits may far outweigh the perceived 
cost. As far as effective intervention for controlling risk factors is concerned, 
the next level of intervention is isolation. Isolation entails separating the risk 
factor in time or space from the people at risk through containment or 
enclosure, i.e., keeping the hazard ‘in’ and the worker ‘out’ or vice versa 
(Chaudhary 2017).

The most effective isolation strategy is mechanisation. This is a process that 
involves the substitution of manual tasks with machinery, with the machines 
becoming the interface between humans and the task (Gumede 2018). Gumede 
(2018) asserted that mechanisation promotes and has the potential to improve 
competitiveness, health and safety, profitability and improvements that have 
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varying impacts on different stakeholders. This is particularly true for workers 
who may lose their jobs to mechanisation. As such, Gumede (2018) cautioned 
that while in the medium to long term, mechanisation will yield benefits, it 
potentially has a negative impact on the labour complement and on the 
communities in which these companies operate. In instances where the 
aforementioned primary prevention interventions – elimination, substitution 
and isolation – are not feasible, the next point of call is engineering controls.

Engineering controls are defined as ‘a physical modification made to the 
source of noise or the permanent physical environment around the source of 
the noise’ (The Georgia Tech 2019–2020). According to Bruce (2007, p. 33), 
engineering controls guarantee ‘permanence, effectiveness with or without 
worker/supervisor compliance, less absenteeism, easier communication, lower 
worker compensation costs, and reduced legal costs’. Implementing 
engineering controls involves four principles (The Georgia Tech 2019–2020):

1. Sound insulation: Prevents the transmission of noise by the introduction 
of a mass barrier through the use of materials that have high-density 
properties such as bricks, concrete and metal.

2. Sound absorption: Using a porous material that acts as a ‘noise sponge’ by 
converting the sound energy into heat within the material. Common sound 
absorption materials include open-cell foams and fibreglass.

3. Vibration damping: Applicable for large vibrating surfaces. The damping 
mechanism works by extracting the vibration energy from the thin sheet 
and dissipating it as heat. A common material is sound-deadened steel. 
This control is applicable to large vibrating surfaces.

4. Vibration isolation: Prevents transmission of vibration energy from a 
source to a receiver by introducing a flexible element or a physical break. 
Common vibration isolators are springs, rubber mounts, cork, etc.

The above-mentioned interventions are all aimed at eliminating the onset of 
ONIHL.

11.1.3. Secondary prevention
Secondary prevention is concerned with controlling or managing the disease 
before it manifests clinically (Duplaga et al. 2016). This involves implementing 
interventions that identify and treat pre-clinical pathological changes to 
manage disease progression (Pandve 2014a). In practice, secondary prevention 
promotes early detection and intervention through timely screening to detect 
asymptomatic disease with the aim of improving health outcomes. At this 
stage, the aim is to prevent a rapid progression of the disease in spite of 
exposure to the risk factors. In preventive occupational audiology, secondary 
prevention entails monitoring for early detection and treatment of ONIHL. 
This requires the implementation of administrative controls, audiometric 
surveillance, education, the use of PPE and good record-keeping.
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According to the hierarchy of noise controls, administrative controls are the 
next option when elimination, substitution and engineering controls are not 
feasible. Administrative controls are interventions implemented to reduce risk 
by minimising the time of exposure to noise (Bauer & Babich 2006). This 
involves rotating workers from noisy to quieter areas. While this description of 
administrative controls is too simplistic, Bauer and Babich (2006) argued that 
administrative controls are not readily implemented because of a lack of 
trained workers for efficient job rotation, union contract issues and safety 
concerns. If applied appropriately, administrative controls are an effective tool 
to change work practices, management policies or worker behaviour (Verbeek 
et al. 2014), to promote early detection and intervention by ensuring timeous 
screening for the early development of hearing loss in workers exposed to 
hazardous noise. Early detection of ONIHL is carried out through audiometry 
surveillance, which is essentially workplace hearing tests, using pure-tone 
audiometry as the gold standard (HearSafe Solutions 2018).

Audiometric surveillance is a legal requirement and is legislated as part of 
compliance in the South African Occupational Health and Safety Act 85 of 
1993). The Occupational Safety and Health Act requires that all workers 
exposed to noise that is more than 85 dBA in intensity be screened for ONIHL 
(Mostaghaci et al. 2013). Audiometric testing can reveal hearing loss at an 
early stage (Leshchinsky 2018). Additionally, audiometry creates an 
opportunity to educate employees on the latent effects of noise exposure and 
promotes awareness of hazardous noise present in everyday activities 
(Leshchinsky 2018). This practice promotes the routine use of HPDs in 
everyday situations (Schulz 2014). Audiometry, including extended high-
frequency audiometry and otoacoustic emissions as tools for early detection 
and diagnosis, helps to identify changes in hearing before clinically significant 
hearing loss develops (Mostaghaci et al. 2013).

The effectiveness of audiometric surveillance as a preventive strategy lies in 
monitoring the standard threshold shift (STS) – a 10 dB or more change in the 
average hearing threshold at 2 000 Hz, 3 000 Hz and 4 000 Hz (Mostaghaci 
et  al. 2013). In the presence of an audiogram depicting hearing within 
normal  limits, a positive STS is critical in identifying workers who may be 
susceptible to the hazardous effects of noise (Ross et al. 2010). Therefore, it is 
imperative that a baseline audiogram, which is the first audiogram performed 
before an individual commences employment or within 30 days of 
commencement of employment, is conducted to serve as a reference baseline 
for all subsequent periodic audiometry evaluations to monitor improvement or 
STS (McDaniel et al. 2013).

Audiometric surveillance as a pillar cuts across two prevention levels – 
secondary and tertiary prevention levels. As a secondary prevention tool, 
surveillance is concerned with monitoring the STS through periodic hearing 
evaluation. Internationally, the Occupational Safety and Health Administration 



Early detection and management of occupational and environmental noise

222

(OSHA) and the NIOSH legislations mandate that employees exposed to 
occupational noise should undergo periodic hearing assessments to monitor 
and establish that no shift has occurred in the pure-tone threshold. OSHA 
defines an STS as an average increase of 10 dB or more at 2 KHz, 3 KHz and 
4 KHz in one or both ears, while NIOSH defines it as an average increase of 
15 dB or more at 500 Hz, 1 KHz, 2 KHz, 3 KHz, 4 KHz or 6 KHz in one or both 
ears (Brungart et al. 2019). In South Africa, STS is calculated at 2, 3 and 4 KHz 
(Musiba 2020). Conducting audiometric surveillance is undertaken to identify 
a permanent threshold shift in the STS. A permanent shift is suggestive of a 
potential hearing loss, depending on the degree of the shift from the baseline 
audiogram. As a secondary preventive measure, monitoring the STS is a way 
of early identification where the individual’s STS is tracked for any sign of a 
shift. When a permanent shift is noted, EI strategies should be implemented. 
These can be in the form of administrative controls, as discussed earlier, or the 
provision and use of HPDs, education and awareness training. Within the 
South African context, the legislation mandates that an STS of >2  dB but 
<5 dB is prioritised to halt the progression of STS from reaching a 10 dB shift 
across all the relevant frequencies. Therefore, monitoring the STS becomes 
crucial as preventive strategies can be subsequently implemented.

In the event that a permanent STS reaches a 10 dB shift, the second arm of 
audiometric surveillance is activated: tertiary prevention. Tertiary prevention 
will be discussed in detail later in this chapter. In relation to tertiary prevention, 
audiometric surveillance is conducted to quantify hearing loss for compensation 
purposes by calculating the percentage of loss of hearing (PLH) (Bronkhorst & 
Shutte 2013). To calculate the PLH, the individual’s hearing thresholds and a 
baseline audiogram are used as a reference value against which the hearing 
loss is measured (Bronkhorst & Shutte 2013). The PLH is calculated at 500 Hz, 
1 KHz, 2 KHz, 3 KHz and 4 KHz per ear according to the quality of hearing in 
each ear. After calculating the PLH, the test with poorer hearing is said to be 
the baseline audiogram and will be used as the reference point for future 
audiograms and to monitor the hearing threshold for monitoring and 
compensation purposes (Bronkhorst & Shutte 2013). To determine a PLH shift, 
the baseline PLH is subtracted from the PLH of routine screening audiometry. 
If a difference of a PLH shift of >10% is suspected, an audiologist must carry 
out diagnostic baseline audiometric testing. Where a PLH shift of >10% is 
confirmed, the case is referred to the occupational medical practitioner or 
otorhinolaryngologist to establish the definitive cause of the hearing loss 
(Bronkhorst & Shutte 2013). If the hearing loss is confirmed to be work-related, 
the case should be reported to the Compensation Commissioner or the 
applicable insurance fund for compensation purposes (Bronkhorst & Shutte 
2013). This stage is considered the tertiary preventive stage as hearing loss 
already exists. At this level, the aim is to minimise the impact of the hearing 
loss on the affected individual. This is accomplished through aural rehabilitation 
(AR), which will be discussed in detail later in this chapter. From this discussion, 
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the role of audiometry surveillance as a preventive tool cannot be 
overemphasised. If implemented carefully and routinely, this pillar can 
effectively be used as an early identification tool and an EI tool if a hearing 
loss is suspected, and where a hearing loss is confirmed, it can be successfully 
used to facilitate compensation and AR.

Hearing protection devices are the least effective component of the 
hierarchy of controls. However, evidence suggests that HPDs are routinely 
used to reduce excessive noise exposure and lower the incidence of ONIHL 
(Brown et al. 2015). Globally, evidence indicates a heavy leaning on HPDs in 
the workplace (Bruce 2007; Bruce & Wood 2003; Hong et al. 2013; Ntlhakana, 
Kanji & Khoza-Shangase 2015; Suter 2012). Arguments have been put forward 
highlighting the challenges with using HPDs. These concerns include reduced 
audibility and distorted acoustic information, as well as discomfort when worn 
for longer periods (Brown et al. 2015; Ntlhakana et al. 2015). Beamer, McCleery 
and Hayden (2016) submitted that HPDs can be effective when used in 
conjunction with all the other pillars of an HCP. The author of this chapter 
argues that education can lay a firm foundation for the use of HPDs. If 
employees are informed about the benefits of using PPE, and if administrative 
and engineering controls are well implemented, the risks can be significantly 
reduced. A comprehensive record-keeping system with buy-in from all 
stakeholders will ensure that employees’ hearing health can be monitored to 
facilitate timely and early identification and intervention.

11.1.4. Tertiary prevention
Tertiary prevention aims to decrease the adverse effects of the disease and 
optimise the QoL of the affected individual (Duplaga et al. 2016; Pandve 
2014b). At this level of prevention, the focus is on rehabilitative interventions 
that may include vocational rehabilitation to retain workers after injury. Related 
to preventive audiology, intervention will focus on AR. Aural rehabilitation is 
defined as a range of services aimed at reducing the adverse effects that a 
hearing loss has on the individual’s participation and enjoyment of their daily 
activities, thus improving their QoL. It is a process where individuals who have 
sustained a hearing loss are provided with intervention and training to minimise 
the impact of the hearing loss (Brodie, Smith & Ray 2018).

Aural rehabilitation seeks to help workers get used to their hearing loss, 
explore appropriate hearing amplification devices and improve conversation 
and communication in general (Brodie et al. 2018). Therefore, AR incorporates 
counselling, sensory management, as well as auditory training and instruction, 
with the goal of minimising the negative psychosocial effects of hearing loss, 
improving self-management and increasing the efficacy of assistive technology 
(Coco, Ingram & Marrone 2019). Through the education pillar, counselling can 
focus on three aspects – informational counselling, personal adjustment 



Early detection and management of occupational and environmental noise

224

counselling and support groups. Informational counselling focuses on 
providing education to the person with a hearing loss on available treatment 
interventions. Personal adjustment counselling addresses the person’s 
psychological, social and emotional acceptance of hearing loss and 
occupational prospects. Where possible, community groups can be established 
to offer ongoing support (Sweetow 2018).

Aural rehabilitation can also focus on the use of assistive listening devices, 
hearing aids or cochlear implants, as well as on environmental modification 
and vocational counselling to identify and implement specific accommodations 
or modifications for workplace settings (Sweetow 2018). In an occupational 
setting, specifically, AR entails implementing administrative controls, 
particularly rotating workers from a noisy area to a quieter area. Additionally, 
the use of HPDs will have to be monitored. Workers fitted with hearing aids 
will need to be educated on the possibility of their hearing becoming 
progressively worse if continued exposure to excessive noise occurs. Most 
importantly, these workers need to be monitored with good record-keeping 
being critical in the tracking of workers’ progress. Tertiary prevention is 
concerned with minimising the impact of hearing loss and improving the 
quality of the worker’s life. It, therefore, follows that audiologists have a critical 
role to play in providing AR services that are responsive to the needs of 
workers who have sustained hearing loss on duty.

11.1.5. Quaternary prevention
Quaternary prevention entails taking action to identify workers at risk of over-
medicalisation and protecting them from new, untested medical remedies 
while recommending interventions that are ethically sound (Pandve 2014b). 
Khoza-Shangase (2020b) asserted that NIHL is influenced by health conditions 
and illnesses such as HIV, AIDS and TB. Other authors have investigated the 
link between NIHL and blood pressure and hypertension (Kuang, Yu & Tu 2019; 
Liu et al. 2016; Wang et al. 2018), cardiovascular disease (Ding et al. 2019; Li 
et al. 2019; Xua & Francis 2019) and diabetes (Ashkezari et al. 2018; Soares 
et al. 2018; Yadav & Yadav 2018). Furthermore, individuals without a history of 
hearing loss may acquire hearing loss because of the ototoxic nature of the 
drug regimen used to treat HIV, AIDS and TB (Khoza-Shangase 2020a). 
Therefore, it is important for audiologists to keep a detailed record of the risk 
factors, medical history, and hearing status of individuals exposed to excessive 
noise.

A paucity of evidence exists in record-keeping in the mining industry. 
Record-keeping is critical in the workplace as it promotes and maintains 
accountability, commitment and consistency (Byrne 2005; Khoza-Shangase 
et al. 2020). Considering that ONIHL develops gradually and over time, the 
importance of keeping accurate records of each employee is critical and 
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cannot be overemphasised. Records can be used to determine an employee’s 
exposure to noise, thereby allowing for effective and accurate programme 
evaluation, which is important for programme sustainability. Accurate record-
keeping allows for easy identification of challenges and therefore lays the 
ground for relevant changes (Byrne 2005). Proper record-keeping facilitates 
the implementation of effective and appropriate individual conservation 
programmes, where employees’ multiplicative factors such as concomitant 
exposure to other toxins – and co-occurrence of TB and HIV with ototoxicity – 
are considered in employees’ HCP plans (Khoza-Shangase 2020b). Additionally, 
proper record-keeping facilitates accurate comparative analysis of employee 
thresholds for compensation purposes when employees are eligible for 
compensation. Lastly, responsible sound record-keeping identifies responsive 
research agendas to inform relevant evidence-based information to be 
accessed by management in order to enhance the mines’ HCPs (Byrne 2005; 
Ntlhakana et al. 2022).

11.2. Preventive environmental and 
occupational audiology in the 
South African context

In South Africa, HCPs were formally implemented over two decades ago, after 
the declaration of the 1996 Mine Health and Safety Act (President’s Office 
1996). Thereafter in 2003, the South African Mine Health and Safety Council 
(MHSC) comprising representatives from the State, labour and employers, 
implemented the 2003 MHSC milestones, which were aimed at targeting the 
elimination of ONIHL in this sector. These milestones were two-pronged and 
targeted two imperatives. The first milestone aimed to ensure that by 
December 2008, there would be no deterioration in hearing greater than 10% 
in occupationally exposed individuals. The second milestone stated that, by 
December 2013, the total noise emanating from the installed equipment would 
not exceed a sound pressure level of 110 dB (A) (Edwards & Kritzinger 2012). 
In 2013, the milestones were evaluated and refined to make them more specific 
and measurable. Subsequently, in 2014, revised milestones were promulgated. 
The first milestone stated that by December 2016, no employee’s standard 
thresholds will exceed 25 dB from the baseline when averaged over 2000 Hz, 
3000 Hz and 4000 Hz in one or both ears. The second milestone focused on 
machinery, the source of noise, and stated that by December 2024, the amount 
of noise produced by the equipment must not exceed a sound pressure level 
of 107 dB (A) (MHSC 2014).

The aforementioned 2003 MHSC milestones were not achieved, hence the 
revised 2014 milestones that are still in effect. Looking at the 2003 milestones, 
arguably, preventive occupational audiology has not been completely 
successful in the South African mining sector. The author of this chapter 
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submits that preventive occupational audiology has been unsuccessful 
because of:

1. the framing of the milestones
2. the absence of occupational audiologists
3. the quadruple burden of disease currently faced by South Africa as a LMIC
4. the complex nature of HCPs.

11.2.1. Framing of the milestones
Firstly, arguably, the manner in which the milestones are framed significantly 
reflects some weaknesses. These weaknesses could potentially explain why 
HCPs have failed in the mining industry. A close look at the milestones reveals 
that the targets focused on only two aspects of hearing conservation: hearing 
deterioration (audiometry surveillance/administrative controls) and noise 
reduction at source (engineering controls). Undoubtedly, these two pillars are 
critical and integral in controlling hazardous noise in the workplace. However, 
they address matters at the managerial level and exclude key stakeholders 
such as mineworkers who are directly affected by hazardous noise. Arguably, 
education of and buy-in from the mineworkers serves as a preventive measure 
which is a key to the success of any intervention involving the miners. Therefore, 
there ought to be careful deliberation around the role of mineworkers during 
the setting of targets, if HCPs are to succeed.

Secondly, the manner in which the targets are sequenced raises concerns – 
hearing deterioration before the noise source is misaligned with the goal. 
Reducing noise at the source and engineering controls should precede 
reducing the deterioration of hearing loss, which is an administrative control. 
Noise is the risk factor and therefore falls under primary prevention. Currently, 
these milestones seem to promote secondary prevention over primary 
prevention, thereby undermining the hierarchy of controls in the prevention of 
ONIHL.

Thirdly, looking at the time frames for achieving these milestones, it is 
anticipated that reducing exposure to the individual will be achieved prior to 
reducing noise at the source. In reality, reducing noise at the source should be 
prioritised over exposure to the individuals, because if noise is controlled at 
the source, exposure to the individual is greatly reduced.

11.2.2. Absence of occupational audiologists
A perusal of documents on the role of occupational audiologists in South 
Africa revealed a role limited to audiometric surveillance and compensation of 
hearing loss (De Koker n.d.; De W Oosthuizen 2006). Furthermore, this role 
can be undertaken by non-audiologists, such as audiometricians. This 
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undermines the importance of preventive occupational audiology as 
occupational audiologists undergo specialised and specific training on 
preventive occupational audiology. A study conducted by Moroe and Khoza-
Shangase (2018) identified the following factors as contributing to the limited 
role of occupational audiologists in preventive occupational audiology:

1. There is a scope-context misalignment of the caseload expected for 
occupational audiologists.

2. Occupational audiologists are juniorised and their responsibilities are 
executed by non-audiologists who do not have adequate training on the 
impact and latent effects of ONIHL. This is done to reduce costs as 
audiologists are deemed costly.

3. There is a poor appreciation of the role of occupational audiologists in the 
workplace.

4. Occupational audiologists are not adequately trained or well equipped 
with the skills and expertise needed to execute their preventive audiology 
duties. This limited role also has implications for assessing the risks versus 
the benefits of preventive occupational audiology (Khoza-Shangase & 
Moroe 2020).

11.2.3. Burden of disease
South Africa is an LMIC grappling with a quadruple threat of burden of 
diseases, fewer job opportunities, political unrest and economic instability 
(Leboea 2017). Particularly in the mining sector, the high incidence of this 
challenge continues to present barriers to the management of ONIHL (Strauss 
et al. 2012). However, this challenge is not prioritised by the SADoH or the 
mining sector, despite its devastating effects. Arguably, ONIHL is overshadowed 
by the high prevalence of diseases such as HIV, AIDS and TB prevalent in the 
mining sector (Basu et al. 2009; Khoza-Shangase 2020a; Stuckler et al. 2011, 
2013). Additionally, ONIHL is an invisible disease that develops gradually over 
a period of years (Patel et al. 2001; Tye-Murray 2009). Compared with HIV and 
AIDS, ONIHL is not life-threatening; however, its impact on the economy is 
devastating.

According to the World Bank, in South Africa alone, the prevalence of TB 
in the mining sector is estimated to be between 2500 and 3000 cases per 
100,000 individuals, which is 10 times the WHO threshold for health 
emergencies and three times the incidence rate of the general population 
(Cullinan 2018). Furthermore, miners are three to four times more likely to be 
infected with HIV and AIDS (Stuckler et al. 2011). Bhunu, Mushayabasa and 
Smith (2012) asserted that in the presence of an HIV infection, the probability 
of acquiring TB increases. Therefore, the co-infection of HIV, AIDS and TB 
implies that affected mineworkers may be on treatment for HIV and AIDS 
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and/or TB (Khoza-Shangase 2010, 2020a). Workers, who are on treatment for 
HIV, AIDS or TB, if exposed to prolonged excessive noise, are at significant risk 
of greater clinical hearing loss because of the synergistic effects of noise and 
ototoxic medications. This may increase the prevalence, onset and progression, 
nature, as well as the degree and configuration of ONIHL in the affected 
population (Khoza-Shangase 2010). Recently, Khoza-Shangase (2020a) 
provided evidence confirming that miners previously treated for TB have 
poorer high-frequency hearing thresholds compared with workers without a 
history of TB. The synergistic effects of noise and ototoxic medications 
highlight the importance of strategic HCPs that consider ototoxicity (Khoza-
Shangase 2020b). This requires monitoring through proper record-keeping 
and possibly the use of otoprotective/chemo-protective agents to promote 
hearing conservation in at-risk workers infected with HIV, AIDS and TB.

11.2.4. Complex nature of hearing conservation 
programmes

Hearing conservation programmes implemented in the South African mining 
industry are currently not achieving the desired results. Over and above the 
aforementioned reasons, HCPs are complex interventions (Moroe 2018). This 
complexity can be attributed to the fragile nature of the pillars largely 
influenced by the active engagement and feedback from various stakeholders 
involved in their formulation and implementation. Furthermore, the fact that 
HCPs are ‘built from multiple interacting components, which act both 
independently and interdependently’ from each other also attests to their 
complex nature (Shiell et al. 2008). In summary, the complexity of HCPs can 
be summarised as follows (Moroe 2018):

Hearing conservation programmes are:

 • evidence and theory-based interventions
 • active and able to achieve their effect through the active involvement and 

engagement of individuals
 • comprised of long journeys
 • non-linear in their implementation chains and can even go into reverse
 • fragile and embedded in multiple social systems
 • are prone to be borrowed
 • are open systems that feedback on themselves

South Africa, although an LMIC faced with all the challenges associated with 
LMICs, has sound and evidence-based HCPs, which are very capable of 
eradicating NIHL caused by both environmental and occupational sources of 
noise. Furthermore, as demonstrated in the preceding discussion, the HCPs 
implemented in South Africa are in line with health promotion and disease 
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prevention and take into account the hierarchy of controls in preventing NIHL. 
These HCPs would benefit from recent advances in the early detection and 
management of NIHL.

11.3. Recent advances in early detection 
and management of occupational and 
environmental noise
We live in an era of unprecedented technological advancement that impacts every 
aspect of our lives, from the way we shop and travel to the way we communicate 
with friends and family. These trends are resulting in new methods and tools that 
change the way safety professionals and industrial hygienists prevent hearing loss. 
(Brauch 2017, p. 1)

With regard to prevention and early detection of ONIHL, advances have led to 
the use of smartphones and low-cost sensors, and this has subsequently 
prompted government agencies to promote and implement HCPs to facilitate 
worker safety and optimal health outcomes (Brauch 2017).

To explore recent advances in the prevention of occupational noise, 
Moroe and Khoza-Shangase (2020) conducted a systematic review of 
literature in the last 10 years. The results of the review yielded the following 
advances: use of metrics, pharmacological interventions and hair cell 
regeneration, artificial neural networks, audiology assessment measures, 
noise monitoring advances and conceptual approaches to HCPs. These 
approaches are presented in Table 11.1 in relation to preventive levels, the 
hierarchy of noise control and the HCPs. The following chapter, Chapter 12, 
plunges deeper into these advances, contextualising them to the African 
context for the achievement of zero ear and hearing harm, specifically 
within the mining industry.

The analysis of the advances in intervention listed in Table 11.1 shows that all 
the prevention levels, the hierarchy of controls and the pillars of the HCPs are 
represented. This is encouraging in that it suggests that innovation and new 
advances are aligned with health promotion and NIHL prevention. There seems 
to be a preference for primary and secondary prevention in these advances. 
This is not surprising as the hierarchy of controls and the pillars are concentrated 
around the primary and secondary prevention levels. This also suggests that 
there is a focus on prioritising the reduction of the impact and progression of 
hearing loss. Arguably, if the concerns around the implementation of HCPs in 
South Africa were to be addressed, the goal of health promotion and prevention 
for measures to not only prevent the occurrence of disease, such as risk factor 
reduction, but also to arrest its progression and reduce its consequences once 
established may be achieved.
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230 TABLE 11.1: Summary of recent advances in the prevention of noise-induced hearing loss.

Authors, date and 
country

Research title Recent advance Prevention level Hierarchy of 
control

Hearing conservation 
pillar

Davies et al. (2012); 
China

‘The use of the kurtosis metric in the 
evaluation of occupational hearing loss in 
workers in China: Implications for hearing 
risk assessment’

Metrics
A set of quantitative tools used 
to assess, monitor, improve 
or evaluate compliance and 
success of programmes to 
set and track goals of the 
implemented programme 
(Sullivan et al. 2004)

Primordial prevention

Primary prevention

Hazard  
control

Exposure 
control

Exposure 
rehabilitation

Exposure monitoring

 
Engineering controls

 
Administrative 
controls

Moroe et al. (2019); 
South Africa 

‘A proposed preliminary model for 
monitoring HCPs in the mining sector in 
South Africa’

Secondary  
prevention

Tertiary prevention

Audiometry 
surveillance

Education and 
training

Personal protective 
equipment

Record-keeping

Al-Dayyeni et al. 
(2018); United 
States

‘Investigations of auditory filters based 
excitation patterns for assessment of 
noise-induced hearing loss’

 
Quaternary 
prevention

Choi et al. (2014); 
Republic of Korea

‘Therapeutic effects of orally administrated 
antioxidant drugs on acute noise-induced 
hearing loss’

Pharmacological interventions
Approaches developed for 
the prevention or treatment 
of NIHL through the use 
of antioxidant drugs to 
restore the balance between 
antioxidant defence and the 
formation of free radicals in 
the cochlea (Choi & Choi 2015)

Quaternary 
prevention

Exposure 
control

Record-keeping

Choi et al. (2015); 
Republic of Korea

‘Noise-induced neural degeneration and 
therapeutic effect of antioxidant drugs’

Education and 
training

Mukherjea et al. 
(2012); United States

The design and screening of drugs to 
prevent acquired sensorineural hearing loss

Audiometry 
surveillance

Oishi et al. (2011); 
United States

Emerging treatments for noise-induced 
hearing loss

Administrative 
controls

Santaolalla et al. 
(2013); Spain

‘Inner ear hair cell regeneration: A look 
from the past to the future’

Tieu et al. (2013); 
United States

‘Current pharmacologic otoprotective 
agents in or approaching clinical trials: 
how they elucidate mechanisms of noise-
induced hearing loss’

Zheng et al. (2017); 
United States

‘Cochlear hair cell regeneration after noise-
induced hearing loss: Does regeneration 
follow development?’

Table 11.1 continues on the next page→



C
hap

ter 11

231

TABLE 11.1 (cont.): Summary of recent advances in the prevention of noise-induced hearing loss.

Authors, date and 
country

Research title Recent advance Prevention level Hierarchy of 
control

Hearing conservation 
pillar

Aliabadi et al. 
(2015); Iran

‘Prediction of hearing loss among the 
noise-exposed workers in a steel factory 
using an artificial intelligence approach’

Artificial neural network 
Artificial neural networks are 
analytical techniques that 
simulate the learning processes 
of the human cognitive system 
and the neurological functions 
of the brain by processing data 
like biological neurons in the 
brain (Deng, Chen & Pei 2008)

Primary prevention Hazard control Engineering control

Aliabadi et al. 
(2013); Iran

‘An empirical technique for predicting 
noise exposure level in the typical 
embroidery workrooms using artificial 
neural networks’

Rehman et al. 
(2012); Malaysia 

‘Predicting noise-induced hearing loss and 
hearing deterioration index in Malaysian 
industrial workers using gradient descent 
with adaptive momentum algorithm’

Sabanci et al. 
(2017); Turkey

‘Noise source determination by using 
artificial neural network in a metal 
workshop’

Badri (2010); Jordan ‘Development of neural networks for noise 
reduction’

Bakay et al. (2018); 
United Kingdom

‘Hidden hearing loss selectively impairs 
neural adaptation to loud sound 
environments’

Audiology assessment 
measures

Secondary prevention Level 2 – 
Exposure 
control

Record-keeping

Lobarinas et al. 
(2017); United 
States

‘Evidence of ‘hidden hearing loss’ following 
noise exposures that produce robust TTS 
and ABR wave-I amplitude reductions’

Education and 
training

Plack et al. (2014); 
United Kingdom

‘Perceptual consequences of ‘hidden’ 
hearing loss’

Audiometry 
surveillance

Plack et al. (2016); 
United Kingdom

‘Towards a diagnostic test for hidden 
hearing loss’

Administrative 
controls

Table 11.1 continues on the next page→
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232 TABLE 11.1 (cont.): Summary of recent advances in the prevention of noise-induced hearing loss.

Authors, date and 
country

Research title Recent advance Prevention level Hierarchy of 
control

Hearing conservation 
pillar

McTague et al. 
(2013); United 
States

‘Impact of daily noise exposure monitoring 
on occupational noise exposures in 
manufacturing workers’

Noise monitoring 
interventions

Secondary prevention Level 2 – 
Exposure 
control

Record-keeping

Education and training

Audiometry 
surveillance

Administrative 
controls

Michael et al. (2011); 
United State

‘Role of continuous monitoring in a hearing 
conservation programme’

Rabinowitz et al., 
(2011); United States

‘Effect of daily noise exposure monitoring 
on annual rates of hearing loss in industrial 
workers’

Williams et al. 
(2012); United 
States

‘Usability of a daily noise exposure 
monitoring device for industrial workers’

Bayley et al. (2013); 
United States

‘Wireless headset noise exposure 
dosimeter’

Moroe et al. (2018); 
South Africa

‘Occupational noise-induced hearing loss in 
South African large-scale mines: Exploring 
HCPs as complex interventions embedded 
in a realist approach’

Conceptual approaches 
Synthesis of available 
evidence used to explain the 
phenomenon of occupational 
noise and HCPs, with the goal 
of mapping out actions required 
in the course of elimination of 
excessive exposure to noise in 
the workplace (Moroe & Khoza-
Shangase 2020)

 

Brereton et al. 
(2016); United 
Kingdom

‘Buy quiet as a means of reducing 
workplace’

Buying quiet
An initiative focused on 
adopting and promoting the 
use of quieter machines as a 
strategy to control noise at the 
source (Gumede et al. 2014)

Primary prevention Level 1 – 
Hazard 
controls

Engineering controls

Source: Moroe and Khoza-Shangase (2020).
Key: ABR, auditory brainstem response; HCP, hearing conservation programme; NIHL, noise-induced hearing loss; TTS, temporary threshold shift.
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11.4. Conclusion
There is no disputing that prevention is better than cure, and timely intervention 
can be less costly and more effective than providing services later in life (Gardner 
2019). Environmental and occupational noise exposures have a negative effect 
on the community at large, as well as on people exposed to occupational noise. 
It is commendable that HCPs currently implemented incorporate evidence and 
theory-based interventions in the management of noise as a risk factor. However, 
as this chapter has illustrated, there are still some factors that impact the success 
of health promotion and prevention of environmental and occupational NIHL, 
particularly within LMICs like South Africa. Within the South African context, it is, 
therefore, important that environmentally, at a national level:

 • A need is created to raise awareness of the impact of noise on the QoL and 
the well-being of the community at large. Noise is not easily avoidable, so 
it is important that the general population be made aware of the negative 
effects of excessive exposure to it.

 • Awareness should be raised about the need to include hearing acuity 
screening when other medical screening is conducted. The general 
population may not be aware of the risk factors as well as the auditory and 
non-auditory effects of exposure to excessive noise.

 • Studies should be conducted on the prevalence of recreational noise 
among youth and young adults. There is an increase in the use of personal 
listening devices, particularly among the youth; therefore, there is a need 
to alert this population about the dangers of hazardous noise as this 
may have implications for their occupational choices in the near future.

 • Awareness should be raised about the role of audiologists in the prevention 
of hearing loss from birth to death, targeting at-risk groups such as drivers 
who are exposed to excessive environmental as well as occupational noise.

 • The general population gets empowered about regulations and permissible 
environmental noise levels.

Occupationally, there is a need for industries to ensure the following:

 • Hearing conservation programmes implemented in the workplace are 
responsive to the needs of the population being exposed to excessive noise 
and ensure that they are implemented accordingly.

 • Education and record-keeping are included at every level of prevention.
 • Hearing conservation programmes are implemented as a strategy to 

prevent the development of NIHL and not the management of NIHL.
 • Employees are empowered to get buy-in for the successful implementation 

of HCPs.

The aforementioned recommendations require central and key involvement of 
audiologists, with South African audiologists needing to advocate for their 
role in the prevention of NIHL and the implementation of HCPs.
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12.1. Introduction
Sufficient global evidence indicates that, through timeous, efficient and 
committed collaboration between relevant stakeholders, NIHL is highly 
predictable and preventable (Le et al. 2017; Metidieri et al. 2013; Moroe & 
Khoza-Shangase 2020; Moroe et al. 2018). Despite this evidence, Le et al. 
(2017) argued that NIHL is probably worse than currently assessed and, 
therefore, may be a bigger problem than it is currently acknowledged globally. 
These authors believe that worldwide deliberations among ear-and-hearing 
health care practitioners on the prevalence, treatment and prevention of NIHL 
are important. Although prevention and protection are the initial defence 
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positions, this is not to ignore the promising treatment and preventive options 
in pharmaceutical agents, for example, the use of neurotrophins, antioxidants 
and steroids as otoprotective treatments (Campbell et al. 2011; Henderson & 
Tanaka 2009; Le Prell, Hammill & Murphy 2019; Moroe & Khoza-Shangase 
2020). As ear-and-hearing health care practitioners, audiologists have an 
important and central role to play in advocating for the prevention of ONIHL 
as this forms part of their scope of practice, particularly in LMICs where diverse 
priorities compete for attention within a resource-constrained environment. 
This chapter deliberates on contemporary evidence aimed at the prevention 
of ONIHL at all levels of prevention from primary to tertiary levels, expanding 
on what Chapter 11 has covered.

In a systematic review by South African researchers where exposure to 
occupational noise in LMICs was explored, Moroe et al. (2018) found significant 
gaps in evidence that have local relevance and are responsive to the context, 
which could be used to drive preventive audiology initiatives in this field. In 
this systematic review that was performed in line with the Cochrane 
collaboration guidelines and Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis, publications indicating developments in the management 
of ONIHL in the African mining industry between 1994 and 2016 were analysed. 
The review revealed that ONIHL prevalence is still high in this context, 
regardless of reports of HCPs implementation in most mines. Moreover, 
reviewed evidence suggests that the mining industry is fully cognisant of this 
epidemic but has had limited success in curbing it (Dekker et al. 2011; Edwards 
et al. 2015; Edwards & Kritzinger 2012; Musiba 2015; Ntlhakana, Khoza-
Shangase & Nelson 2020a, Ntlhakana, Nelson & Khoza-Shangase 2020b).

The review findings further revealed a significant paucity of studies on 
the management of ONIHL in Africa, with the limited available data revealing 
four key findings. Of the four key findings, firstly, research conducted 
tended  to  focus on a few but not all the pillars of HCPs as recommended 
in the literature (Amedofu 2007; Amedofu & Fuente 2008; Hong et al. 2013). 
Moroe et al. (2018) argued that for HCPs to be efficient and sustainable, all 
seven pillars must be cohesively and comprehensively addressed. These 
pillars include employee/management education and training, administrative 
controls, engineering controls, periodic noise exposure monitoring, 
audiometric evaluations, personal hearing protection and efficient record-
keeping (Amedofu 2007; Hong et al. 2013; Khoza-Shangase, Moroe & 
Edwards  2020; Moroe et al. 2018). Analysis of the studies indicated that 
studies within this African context focused mainly on four pillars and 
investigated these in a piecemeal fashion. Pillars that seem to enjoy research 
focus are personal hearing protection, administrative controls, engineering 
controls, and education and training, while pillars such as periodic noise 
exposure monitoring, audiometric evaluations and record-keeping have 
received less attention, to the detriment of the evidence base for best 
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practice  in this context. For example, the Workplace Safety Health Council 
(WSHC) (2014) cautioned how overlooking the monitoring of periodic noise 
exposure significantly impacts the whole HCP as workers exposed to 
hazardous noise levels in the work environment are identified from this pillar. 
Therefore, WSHC (2014) recommended that noise monitoring be conducted 
once every 3 years or each time mechanical modifications are effected.

Moroe et al. (2018) argued that effective record-keeping is crucial for the 
maintenance of accountability. Because ONIHL has a gradual and progressive 
development nature, appropriate and efficient record-keeping is key, as 
records can be referred to for tracking and monitoring the employees’ 
exposure to noise and the impact of that noise on the employees. These 
authors believe that this efficient record-keeping facilitates efficacious HCP 
evaluation and alteration as required, ensuring programme sustainability if 
effective or programme alterations if ineffective, in the same way as done in 
other preventive monitoring programmes such as ototoxicity monitoring 
(Amedofu 2007; Khoza-Shangase & Masondo 2020; Khoza-Shangase, 
Moroe & Edwards 2020).

Good record-keeping also facilitates accurate, individualised conservation 
and monitoring programmes in employees who have compounding risk 
factors such as simultaneous exposure to other toxins such as ototoxicity 
from treatments for TB and HIV and simultaneous chemical/solvents exposure. 
Furthermore, it plays a vital role in the comparative analysis of workers’ 
hearing thresholds from longitudinal assessments for compensation purposes; 
should prevention measures fail (Ntlhakana et al. 2020a; Ntlhakana et al. 
2021), then records of leading indicators are needed. Good record-keeping 
also facilitates accurate research that provides evidenced-based 
recommendations that can enhance HCPs (Khoza-Shangase 2020). A gap in 
research on HCPs would lead to limited application of best practices guided 
by relevant evidence. However, Ntlhakana et al. (2022) warned that this 
record-keeping must adhere to ethical principles and the South African 
Protection of Personal Information Act (PoPIA 2020).

Secondly, of the four key findings, the studies reviewed comprised small 
sample sizes. Additionally, there were shortcomings with the data collection 
methods adopted. Of the studies that adopted interviews, surveys and 
retrospective record reviews as data collection methods, the greatest number 
of participants included in the studies was 200. These limited sample sizes 
have a significantly negative impact on the generalisability of the findings of 
these studies to the general ONIHL population. This limitation becomes 
particularly challenging in a largely diverse context like South Africa where 
socio-economic, linguistic and cultural diversity have been argued to have a 
significant influence on health-seeking and health intervention adherence 
behaviours (Flood & Rohloff 2018; Khoza-Shangase & Mophosho 2018, 2021).
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Thirdly, in the review, ONIHL was not viewed as a complex problem requiring 
complex interventions, but rather an extraction of certain factors for research 
purposes was done, with the neglect of others that are just as important in 
HCPs. Lastly, of the four key findings, clear evidence of the rising prevalence 
of ONIHL in African countries was found, thereby intensifying the need for 
more studies on its assessment and management in the mining sector. 
Consequently, Moroe et al.’s (2018) review highlighted the need for preventive 
measures in ONIHL to be reflected on by the occupational health care industry 
and practitioners as an imperative effort toward achieving zero ear harm 
within LMICs, like South Africa. From a knowledge generation and sharing 
perspective, one also questions if these identified gaps are purposefully 
created and sustained within this industry to maintain the status quo, which is 
profit driven and ensures capital profits at the expense of the health and 
safety of its workers (Moroe & Khoza-Shangase 2018). Moroe and Khoza-
Shangase (2018) bemoaned how researchers have been driven to perform 
studies on challenges faced by this industry precisely because the South 
African mining industry has been commonly slated for its inadequate health 
and safety record as well as its excessive numbers of mortalities while making 
significant profits. Interest in conducting research in the mining industry is, 
however, not without challenges.

One of the key documented challenges to conducting research in South 
African mines is access. In their study on access to South African mines for 
research, Moroe and Khoza-Shangase (2018) found three factors that served 
as barriers to access, which one can argue demonstrates that such spaces 
appear to specifically block access to independent reviews and evaluations. 
The three factors highlighted in this study are: (1) lack of listing of contact 
details of key personnel on the mines’ websites; (2) protracted response time 
for access to research data between the time initial contact is made and the 
time in which the mine responds; and (3) unwillingness by the mines to allow 
independent and external access to data on their management of ONIHL as 
well as advancements made in HCPs in different mines. Moroe and Khoza-
Shangase (2018) concluded that denied access to researchers by mines adds 
to the inability to come up with efficient and efficacious HCPs through best 
practice, a practice which is guided by evidence that is relevant to the African 
context. Objective evidence that is established by external and independent 
parties to the mines is critical for best practice as mines, on their own, are not 
objective players in such evidence creation because of a potential inevitable 
conflict of interest. For HCPs to be successful, impartial evidence, regardless 
of how it portrays the mining industry’s reputation, is required. It is only when 
such objective evidence base is carefully and transparently scrutinised that 
material and effective management strategies can be considered and 
employed, with evidence-driven strategic planning arrived at by regulatory 
bodies such as the HPCSA and the South African MHSC.
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The MHSC (2016) took a clear position on ‘every mine worker returning from 
work unharmed every day: Striving for zero harm’ as one of its fundamental 
objectives in its operations. Despite this council articulating this goal in its 
policies and adherence efforts by the South African Chamber of Mines, Moroe 
et al. (2018) argued that the council has failed in as far as achieving zero harm 
in as far as ear-and-hearing health care of mineworkers is concerned. Current 
evidence presented by these authors reveals that approximately 73.2% of 
South African miners are exposed to hazardous noise at levels greater than the 
legislated occupational exposure limit of 85 dB, regardless of the implementation 
of HCPs (Edwards et al. 2011; Khoza-Shangase et al. 2020; Strauss et al. 2014), 
with an overreliance on HPDs as the first-line preventive measure (Bruce 2007; 
Bruce & Wood 2003; Hong et al. 2013; Ntlhakana, Kanji & Khoza-Shangase 
2015; Moroe et al. 2018; Suter 2012; Yaakobi & Putter-Katz 2020).

Ntlhakana et al. (2015) highlighted a concern about this overreliance on 
HPDs as the primary preventive measure for ONIHL, regardless of their well-
documented weaknesses. Evidence has indicated that HPDs are most effective 
in the prevention of ONIHL when utilised as part of other measures in a 
comprehensive HCP, but not in isolation (Berger, Franks & Lindgren 1996; Brink 
et al. 2002; Davies, Marion & Teschke 2008; Edwards et al. 2015; Ntlhakana et al. 
2015; Rabinowitz et al. 2007; Rashaad Hansia & Dickinson 2010; Seixas et al. 
2011; Toivonen et al. 2002). The South African Department of Minerals and 
Energy (DME 2003) is opposed to HPDs being used as a first line of defence, 
but rather fervently advocates the use of personal protection devices as the last 
option if engineering administrative controls and audiometric evaluation are 
impractical, unavailable or fail to produce the desired effects.

This overreliance on HPDs was also evident in Moroe et al.’s (2018) systematic 
review as most of the studies reviewed concentrated on HPDs. These authors 
further highlighted that there were difficulties linked to the use of HPDs such as 
irritation and adverse effects of noise attenuation on job-related communication. 
Several other authors (Ntlhakana et al. 2015; Suter 2012; Tak, Davis & Calvert 
2009) supported the fact that these challenges negatively influence the 
workers’ compliance and adherence to HPDs use, which has significant 
consequences for companies’ HCPs as it means that employees, whose HPDs 
are uncomfortable to wear, will be in danger of ONIHL as there will be no other 
effective protective measures in place to protect them from noise-related 
injuries. Moroe et al. (2018) also concluded that although HPDs decrease the 
level of hazardous noise reaching the ear, they should not be utilised in isolation, 
and certainly not as a primary prevention strategy, particularly as there are 
numerous other influencing factors requiring attention in a comprehensive HCP, 
factors such as concomitant exposure to other toxins.

Concomitant exposure to other toxins, as well as to diseases that are risk 
factors for hearing loss such as TB, HIV and AIDS, exacerbates the ONIHL 
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problem (Edwards 2013; Edwards & Franz 2009; Khoza-Shangase 2020a, 
2020b). In relation to these exacerbating factors, current evidence highlights 
a critical lacuna in global HCPs addressing the risk that these conditions add 
to the burden of ONIHL within the mining sector. In the South African context, 
toxins and diseases such as TB are highly prevalent in mining communities, 
raising questions on the receptiveness, as well as pre-emptive nature of HCPs 
in preventing ONIHL within this population (Khoza-Shangase 2020a, 2020b). 
Careful consideration of the influence that such diseases can have on otology 
and audiology in any context is essential because some of them may lead to 
hearing loss either as a primary, secondary/opportunistic effect or as a side 
effect of treatment received. The implications for an employee diagnosed 
with such a disease who is also simultaneously exposed to hazardous noise 
levels are significant, requiring consideration in the formation, execution and 
monitoring of the HCP that that employee is placed under.

12.2. Current status of occupational hearing 
loss and hearing conservation programmes 
in Africa and solutions

Evidence from studies into the efficacy of management of ONIHL within the 
South African mining industry reveals significant gaps that warrant intensive 
and systematic intervention by both the research and the clinical community 
to achieve successful management of this occupational health condition. For 
successful HCPs, comprehensive and well-integrated planning that recognises 
the complex multi-component nature of the required interventions, with 
coverage of all seven pillars, is crucial (Moroe et al. 2018). These types of 
interventions are what Moroe (2018) and Khoza-Shangase et al. (2020) 
advanced and should be viewed as Complex Interventions, thus allowing for 
realistic implementation and outcomes expectations.

Complex interventions are interventions developed from numerous 
interrelating parts, which may operate both independently and interdependently 
(Medical Research Council 2000; Moore et al. 2015). Behaviours and their 
parameters and practices of organising them form part of these components 
of complex interventions, with the outputs of these interacting components 
and behaviours having an impact at individual, organisational and population 
levels (Datta & Petticrew 2013). Evidence indicates that complex interventions 
have commonly been undertaken for health improvement goals either at 
individual, organisational or population level in several fields including public 
service administration where reforms, regulations and assessments are done 
(Pawson et al. 2005), as well as in medical and public health research (Moore 
et al. 2015), including HCPs (Moroe 2018).
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Against this backdrop, Khoza-Shangase and Moroe in 2020 Guest 
Edited a special issue collection titled Occupational hearing loss in Africa: An 
interdisciplinary view of the current status. This Special Issue comprehensively 
covers contemporary Afrocentric evidence that closes the identified lacuna 
in occupational audiology with relevance and responsiveness to the African 
context. The Afrocentric nature of the evidence presented allows for best 
practice in the assessment and management of ONIHL or meeting the 
elimination of OHL targets within the African continent, which was the goal 
of the Special Issue. Driven by the objectives of preventive audiology, the 
Special Issue, therefore, examined the challenges confronted by the 
occupational health fraternity in dealing with ONIHL within the African mining 
industry and explored potential solutions to achieve zero ear harm. 
Manuscripts in this collection focus on five sub-themes that are either directly 
or indirectly associated with the main theme of OHL including (1) policy and 
legislation in the management of occupational noise; (2) contextual factors, 
barriers and facilitators influencing the implementation of HCPs; (3) other 
toxins contributing to OHL; (4) monitoring and evaluation factors in 
occupational noise; and (5) recent advances in the management of 
occupational noise – as depicted in Figure 12.1 and presented in the section 
that follows.

Key: HCPs, hearing conservation programmes; OHL, occupational hearing loss.

FIGURE 12.1: Current status of OHL and hearing conservation programmes in Africa and solutions at planning, 
implementation and monitoring stages.
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12.2.1. Policy and legislation in the management of 
occupational noise

Manning and Pillay (2020) comprehensively explored the role of regulatory 
authorities in A Critical Analysis of Current South African Occupation Health 
Law and Hearing Loss. In Manning and Pillay’s paper, a detailed study of 
contemporary South African occupational health law and how this relates to 
hearing loss is conducted. The authors utilised experience and critical science 
as methodological devices to conduct a review of legal texts, comprising 
South African primary and secondary laws, as well as unpublished (non-peer-
reviewed) grey literature. These were thematically analysed, aided by a 
semantic approach, with a critical interpretation of data utilising the Bill of 
Rights as a central analytical framework.

This review yielded four themes that describe the South African occupational 
health law and OHL: ‘(1) separate and unequal regulatory frameworks; 
(2) monologic foregrounding of noise; (3) minimisation of vestibular disorders; 
and (4) dilution of ototoxic agents’ (Pillay & Manning 2020, p. e1). The authors 
argue that their findings indicate that a severely split up legal framework of 
occupational health and safety in South Africa maintains an ‘excessive noise 
hearing loss’ theory that negatively impacts the equal protections and benefits 
rights of all employees – and not just prioritising those exposed only to 
excessive noise. This position is in agreement with the complex intervention 
argument advanced earlier in this chapter. Pillay and Manning (2020) 
concluded that the South African occupational health and safety law needs to 
be synchronised such that the scope of hearing protection legislation is 
extended to incorporate the inclusive range of recognised ototoxic hazards 
within this context, such as chemicals. This is particularly important as sufficient 
evidence exists that has established a relationship between solvents and 
central auditory processing disorders (Fuente & McPherson 2007; Fuente, 
McPherson & Hickson 2013; Gopal 2008; Lobato et al. 2014), as well as 
vestibular dysfunction (Hodgkinson & Prasher 2006; Ödkvist et al. 1982) in 
this population. Arguments advanced in Pillay and Manning’s paper, although 
couched within South Africa as a case study, have generalisable implications 
for LMICs.

12.2.2. Contextual factors, barriers and/or 
facilitators influencing implementation of hearing 
conservation programmes

Key to the identified contextual factors influencing the implementation of 
HCPs within the African context are the well-documented capacity versus 
demand challenges with a significant incongruence between the number 
of  people requiring audiological services and available audiologists 
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(Khoza-Shangase & Moroe 2020a; Khoza-Shangase, Moroe & Neille 2021). 
Khoza-Shangase and Moroe (2020a) reviewed South African HCPs in the 
Context of Tele-Audiology while exploring if tele-audiology can be efficiently 
utilised within a complex intervention such as HCPs. The established value of 
tele-audiology as a model of ear-and-hearing health care delivery in resource-
constrained settings is well argued by these authors and they offer valuable 
contextually-responsive recommendations on how tele-audiology could be 
fruitfully utilised within the African mining context. Because of the significant 
capacity versus demand difficulties in LMICs, and the necessity to expand 
and extend audiologists’ involvement in the management of ONIHL as part 
of their scope of practice; these authors, supported by Khoza-Shangase 
(2019), recommend that training institutions, the profession of audiology 
and policymakers thoroughly explore tele-audiology as an additional 
platform to deliver ear-and-hearing health care services in these contexts. 
The advent of COVID-19, with its social distancing requirements, made this 
imperative an urgent need for continuity of service delivery (Khoza-Shangase 
et al. 2021).

Tele-HCPs have been investigated as one of the foremost suggestions to 
expand audiologists reach within LMIC contexts. This is in the context of 
evidence indicating the limited application of tele-audiology within this 
context; but with nuanced data analysis indicating that in the last 10 years, 
strong evidence in the utilisation of this platform of service delivery within 
occupational audiology has indicated potential growth. Khoza-Shangase 
and Moroe (2020a) concluded that because of the large capacity versus 
demand challenges in LMICs, as well as the importance of preventive care 
and universal ear care coverage, tele-audiology needs to be carefully 
considered for service delivery. The use of tele-audiology with task-shifting, 
where paraprofessionals meet the HPCSA’s minimum standards and 
regulations, with overall programme management by audiologists, will 
facilitate planning, implementation and monitoring of successful HCPs within 
this context. The use of tele-audiology within the South African context to 
address the capacity versus demand challenges has been extensively 
covered in Chapter 2 and Chapter 3.

The other important contextual factor covered in the Special Issue involves 
risk versus benefit evaluations in ONIHL and HCPs. In this viewpoint publication 
that uses the South African context, Khoza-Shangase and Moroe (2020b) 
raised critical strategic indicators and key variables that require the attention 
of audiologists and the rest of the occupational health when conceptualising 
HCPs that yield positive outcomes within the South African mining context. 
Even though this manuscript uses the South African mining sector as a context, 
the discussion and recommendations offered can be generalised to other 
LMICs. Khoza-Shangase and Moroe (2020b) lamented the fact that, within 
both research and clinical communities, vigilance around ONIHL, which entails 



Occupational noise-induced hearing loss and preventive audiology

244

the active involvement of audiologists in the South African mining industry’s 
HCPs, has been sparse. Clinically, in South Africa, these authors highlighted 
the fact that the role has been given to mid-level workers and paraprofessionals 
who are not uniformly trained to meet minimum standards and regulations, in 
a non-tactical, non-methodical and non-comprehensive manner. These 
authors further argued that this situation is exacerbated by the prevailing 
accountability uncertainty where, external to the mines, accountability rests 
with more than one body, where the mining industry regulatory body appears 
more prominently, with tacit or peripheral regulation by the HPCSA and the 
SANDoH. The limited participation and contribution of audiologists towards 
risk and benefit evaluation of HCPs in the development and monitoring 
processes and their lack of engagement with ear health and safety policy and 
regulations construction and promulgation processes within this context can 
explain this exclusion of audiologists in this important task. Regulatory 
authorities are crucial in ensuring compliance and holding employers 
responsible for the Khoza-Shangase and Moroe (2020b) eradication of ONIHL 
as an occupational health injury, while advocating for the principal role that 
audiologists should occupy during the risk–benefit evaluation of HCPs.

12.2.3. Other toxins contributing to OHL
Current evidence within the African context highlights the importance of 
viewing ONIHL as complex and occurring in the realm of other toxins. Pillay 
(2020, p. 1) answered the diagnostic question: ‘what is known about occupational 
ototoxic chemicals with or without noise exposure in South Africa?’, by 
conducting a qualitative mapping study of published peer-reviewed and grey 
literature from 1979 to 2019. Findings in this study indicate that research in this 
area is primarily centred around the Gauteng gold mining sector, with significant 
emphasis on ototoxicity for the treatment of TB and HIV. The focus of research 
in the province of KwaZulu-Natal is mainly on commerce and industry, with the 
inclusion of both the formal and informal sectors. When grey literature is 
analysed, findings indicate a lack of State policies that mention chemical 
ototoxicity as an influencing factor towards OHL. Reviewed evidence paints a 
clear picture of OHL being conceived to be caused only by noise exposure and 
not by other toxins. Pillay (2020) concluded that increasing attention towards 
chemical exposures as other toxins to monitor in OHL is starting to be gained 
in South Africa and highlights that HCPs, even in their complex multi-layered 
and multi-causal nature, should consistently fulfil the interests of the workers 
and not economic interests of the employers. Consequently, laws and regulations 
should consider occupational ototoxic chemicals as part of the risk factors for 
OHL within HCPs.

The other toxins included in the Special Issue that also require careful 
consideration are medications used to treat diseases such as TB, HIV and 
AIDS. Khoza-Shangase (2020a) reminded the reader that ONIHL does not 
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occur in a vacuum where comorbid conditions such as HIV and AIDS, and TB 
do not exist. It is, therefore, important to consider how the burden of disease 
impacts the manifestation and management of ONIHL if zero ear harm is to be 
achieved by HCPs in contexts where the burden of disease requiring treatment 
with ototoxic medications exists, such as South Africa. Recently, Khoza-
Shangase (2020a) found that South African gold miners with a history of TB 
treatment present with more severe high-frequency hearing thresholds than 
those without this history. These findings revealed the significance of 
considered HCPs that individualise comorbid conditions and their treatments, 
including incorporating ototoxicity monitoring in those employees with this 
additional risk factor. Furthermore, these findings raise the value of exploring 
the benefit of using otoprotective/chemo-protective agents for preventive 
care in the South African mining population.

The incidence of middle ear pathologies in adults within the mining industry 
(Sebothoma 2020) substantiates the case that over and above chemical 
exposure, conditions such as TB and HIV should be considered as compounding 
factors in OHL. The influence of these conditions on ontological function and 
audiological presentation should not be ignored nor minimised as sufficient 
evidence has indicated that these conditions can lead to hearing loss either as 
themselves (primary cause), as the effect of their secondary or opportunistic 
infections, or iatrogenically (side effect of treatment options for that condition). 
For HCPs to be successful for employees presenting with these conditions 
while exposed to noise in the workplace, the potential complex interactive 
effects of all the risk factors must be taken into consideration in the planning, 
execution and continuous assessment and monitoring of the HCPs (Khoza-
Shangase et al. 2020). Despite the limited evidence on middle ear pathologies 
in mineworkers, Sebothoma (2020) reported that the available literature 
reporting on varying middle ear pathologies is enough to highlight a need for 
further investigations into this ear and hearing manifestation in this population. 
With the high incidence of HIV and AIDS in this population, and the well-
established relationship between HIV and AIDS and middle ear pathologies 
(De Jong, Luder & Gross 2019; Khoza & Ross 2002; Khoza-Shangase 2020; 
Obasikene et al. 2014; Sebothoma & Khoza-Shangase 2018, 2020), an increased 
focus on this aspect of preventive audiology within South African mines is 
necessary. Chapter 5 recommends that this be done through adopting a 
programmatic approach as a clinical framework within the mining industry’s 
Striving for Zero Harm Programme, under the South African Department of 
Labour – or similar programmes in other LMICs.

  12.2.2.1. Monitoring and evaluation factors in 
occupational noise

As far as monitoring and evaluation factors in occupational noise within the 
African context are concerned, issues of patient factors such as the influence 
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of age on ONIHL need careful consideration (Grobler et al. 2020). The focus 
on the employees is further highlighted by Mapuranga, Maziriri and Letshaba 
(2020), where the importance of how factors such as noise exposure at work 
as well as the employees’ predisposition to hearing impairment, as well as job 
performance, can be significantly influenced by occupational noise. In their 
study conducted on manufacturing small and medium enterprises (SME) 
workers, Mapuranga et al. (2020) found that occupational noise has a positive 
and significant effect on attitudes towards noise exposure and observed 
vulnerability to hearing loss in this group. Moreover, these authors indicate 
that their findings showed that attitudes towards occupational noise exposure 
and the measurable vulnerability to hearing loss also have a positive and 
significant effect on the workers’ job performance. These findings are essential 
to consider during the planning, implementation, monitoring and evaluation 
of HCPs initiatives. Positive attitudes can positively influence employees’ 
active ownership of, as well as full involvement and adherence to HCPs.

Moroe (2020) further argued that such findings become relevant when 
occupational health practitioners’ (OHPs) views on training methods adopted 
for training mineworkers on ONIHL are considered. In her study, Moroe 
(2020)’s findings revealed a complete lack of awareness by OHPs on the 
training methods used with this population, thus impacting the mineworkers’ 
knowledge about ONIHL and its resultant outcomes. However, OHPs do 
recognise the influence that factors such as educational and literacy levels, 
language and financial resources have on the training. Thus, Moroe (2020) 
asserted that, for effective awareness campaigns and sustainable HCPs, health 
literacy needs to be prioritised within the South African mining industry. The 
conceptualisation and implementation of this plan must take into cognisant 
workforce diversity, which can include factors such as education, language, 
culture and financial resources.

Audiologists, as central members of the OHPs, is further underscored by 
Ntlhakana et al. (2020b) in their study involving secondary electronic data 
review of one South African mine. The objective of this review was to establish 
risk factors for ONIHL that the mine’s hearing conservation practitioners 
viewed as essential for meeting the South African 2014 HCP milestones, as 
well as to establish how mineworkers presenting with these risk factors were 
managed. For these identified factors to be useful in a HCP, they would have 
to be well amalgamated into the mine’s proactive data management system 
(PDMS). Findings, which can be generalisable to the greater South African 
mining context, revealed considerable gaps in the mine’s data management 
systems, with the mine’s PDMS demanding careful consideration for it to be 
able to facilitate early identification of ONIHL. The attention that the mine’s 
PDMS requires entails inclusion and integration of risk factors for ONIHL 
beyond just noise exposure levels and demographic profile data, such as 
burden of disease factors with the ototoxic treatments taken by miners. Key 
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to these factors are TB and HIV and their medical management, as these are 
significant risk indicators for ONIHL within the South African context where 
these conditions have high prevalence.

Lastly, under monitoring and evaluation factors, the classification of 
audiograms in the prevention of NIHL (Musiba 2020) and the application of a 
feedback-based noise monitoring (FBBM) matrix (Moroe et al. 2020) are 
considered. Musiba (2020) identified various strategies of audiograms 
classifications based on changes to hearing thresholds from baseline findings. 
Musiba (2020) identified two main differences in these classification methods: 
(1) the frequency, as well as the size of the hearing threshold change, that is 
applied to establish hearing loss and (2) the plan of intervention referral 
pathway adopted once a hearing loss is identified, hence the author’s 
recommendation of earnest deliberation on the use of the UK Health and 
Safety Executive (UKHSE) scheme for categorisation of audiograms. This 
scheme is argued to be an unsophisticated tool that not only provides 
thresholds but also offers guidance on management plan following 
identification of the ONIHL.

Accurate, comprehensive and efficient data capturing, organisation and 
utilisation are critical to any efficient programme application and monitoring. 
Khoza-Shangase (2020, p. e2) maintained that such efficient data management 
is dependent on utilisation of ‘accredited sensitive and valid measures as well 
as classification and criteria; with the data allowing matrix and models to be 
utilised in a complex manner to plan, execute and monitor primary preventive 
programmes such as HCPs’. For example, Moroe et al. (2019) responded to 
the failure of achieving the desired outcomes of HCPs within the South African 
mining sector by proposing the utilisation of a FBBM model as an instrument 
for monitoring and managing ONIHL. This model, a conversion of the risk 
management framework from ISO 31 000 (Department of Finance, Australia 
2016), is described as a basic static feedback model that has direct real-world 
functions in decision-making regarding HCPs for all relevant stakeholders 
within the mining industry such as mine workers, administrators and 
policymakers. The model is made up of five subsystems: 

1. baseline or reference point
2. control unit that comprises of laws, policies and regulations that govern 

practice, as well as the set milestones
3. actuator, whose function is to guarantee adherence to set policies and 

regulations
4. implementation phase via the worker exposed to noise
5. assessment or evaluation stage. 

Furthermore, the nature of the model, its recognition of policies relating to the 
management of ONIHL in the mining industry, as well as the fact that it comprises 
of all the pillars of HCPs allows for it to be utilised as part of an EI and 



Occupational noise-induced hearing loss and preventive audiology

248

management strategy for ONIHL in the mines. The contextual relevance and 
responsiveness of this model were tested when Moroe et al. (2020) put it into 
action, with findings revealing its value in the early prediction of ONIHL, which 
leads to better precision in implementing preventive audiology strategies as 
part of the health and safety goals of mines. These preventive strategies would 
range from primordial to tertiary-level initiatives within the sector, as described 
in Chapter 1 of this book.

Moroe et al.’s (2020) application of the FBBM matrix as a predictive tool 
illustrates how big data in South African mines can be used through a basic 
static feedback model to calculate, monitor and offer measurable information 
to the mineworkers, the employers and administrative leaders for HCPs 
planning and implementation. Therefore, Moroe et al. (2020) recommended 
the utilisation of this FBBM model as part of HCPs within South African mines.

  12.2.2.2. Recent advances in the management of 
occupational noise

In a systematic review by Moroe and Khoza-Shangase (2020), the value of 
LMICs keeping abreast with a contemporary evidence base from HICs on 
advances in HCPs is highlighted. These authors argue that, although LMICs 
might not be sufficiently equipped to be on par with international application 
of these recent advances, attempts should be made to examine the possible 
implications of these for HCPs in their respective countries where ONIHL is 
still highly prevalent. The examination of these advances within LMICs should 
include feasibility and efficacy studies in these contexts to confirm that they 
are contextually relevant and responsive to facilitating the success and 
sustainability of implementation within their HCPs.

The recent international advances that require careful scrutiny for the 
African context and other LMICs have been presented under seven areas:

1. The use of metrics: with accurate data collection using sensitive measures, 
as well as efficient data capturing and management, metrics, as an 
advancement, can be utilised for efficient HCPs that are predictive in nature, 
affording enhancement of early detection of ONIHL and thus success in 
preventive audiology.

2. Pharmacological interventions and hair cell regeneration: international 
availability of pharmacological interventions whose goal is to prevent the 
onset and development of NIHL, as well as those that can reverse or treat 
NIHL in the form of hair cell regeneration, requires attention by LMICs.

3. Artificial neural networks: these have been hailed as one of the best 
artificial intelligence methods that can be utilised in HCPs because of their 
ability to save and use empirical data because they mirror the human 
cognitive system as well as the brain’s neurological functions in learning 
(Aliabadi et al. 2013).
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4. Audiology assessment measures: measures with high sensitivity and 
specificity for ONIHL to allow for early detection of hearing changes at 
micro levels, that is prior to the hearing loss becoming a ‘measurable’ 
threshold shift are reviewed. Such measures are key for positive outcomes 
to be achieved in efficient preventive audiology programmes. 

5. Noise monitoring advances: all initiatives aimed at enhancing the 
application of the noise exposure pillar of HCPs are reviewed. For example, 
patented devices aimed at eliminating noise in the workplace through 
accurate and continuous monitoring of noise in the workplace are presented.

6. Conceptual approaches to HCPs: because of the acknowledged complexity 
of ONIHL, the methodologies adopted to manage it require common 
phenomenological approaches where activities aimed at eliminating 
excessive exposure to noise are mapped out, with complex interventions 
by Moroe (2018) put forward as one recent advance.

7. ‘Buying quiet’: although ‘buying quiet’ as one of the strategies within HCPs 
is not a recent development, Moroe and Khoza-Shangase (2020) argued 
that collaboration between companies that manufacture machinery used 
in mines and mine owners to develop and procure quieter equipment is a 
new paradigm shift with a high cost-benefit that can force the industry to 
invent and produce quieter products.

Serious reflection on these findings by the South African HCPs stakeholders is 
required because learning from HICs can be of benefit to LMICs for them to 
be able to achieve hazardous noise elimination targets as well as prevent 
ONIHL. The same arguments are advanced by Madahana et al. (2020) when 
they present specific lessons learned from HICs on engineering noise control 
for mines. These authors offer one key recommendation that encourages the 
South African mining industry to document and publish recent advancements 
in effective techniques utilised for engineering noise control. These authors 
recommend a comprehensive scoping of the context exercise within South 
African mines, where machinery and production processes that generate 
excessive noise are identified and documented for effective engineering noise 
control to be implemented on them. Furthermore, difficulties encountered 
during engineering noise control applications should also be identified to 
address excessive noise generation and exposure comprehensively in South 
African mines.

All these authors offer critical review and analysis of global advances and 
lessons while simultaneously critiquing their feasibility as well as potential 
efficacy within the South/African mining industry, thus affording the reader 
with an opportunity to engage with them with an Afrocentric eye for 
contextually relevant and responsive application.

Evidence reviewed above has methodically focused on subjects including 
challenges and solutions to implementation of HCPs within LMICs – with a 
specific focus on Africa; the influence of context on implementation of HCPs; 
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policy and law in occupational health and HCPs; as well as assessment, 
management and monitoring of ONIHL within HCPs; in this pioneering Special 
Collection on OHL in Africa in the almost 100 years history of the audiology 
profession in South Africa. The current context provided by these papers and 
recommendations for preventive audiology in ONIHL emphasise the following 
fundamental issues: 

1. the value of applying what is documented in texts, policies, laws and 
regulations into practice

2. the importance of adopting a collaborative working model with all relevant 
stakeholders in HCPs, where the role of the audiologists becomes more 
centrally located rather than peripherally as is currently the practice

3. the importance of keeping up-to-date with recent developments from HICs 
on ONIHL and HCPs, as well as cautious application of these advancements 
considering contextual relevance and responsiveness

4. the significance of situational analysis in programme implementation so as 
to ensure best practice

5. the complex nature of OHL with the value of addressing it within complex 
interventions (Khoza-Shangase et al. 2020).

12.3. Conclusion
A dearth of contextually relevant and responsive evidence exists in ONIHL 
and HCPs within the African context. Current evidence reveals significant 
gaps in all aspects of occupational audiology, with findings highlighting a 
need for increased focus in this area as part of preventive audiology initiatives 
in LMICs, like South Africa. This chapter gathered and compiled contemporary 
peer-reviewed Afrocentric evidence in identified areas in occupational 
audiology, with the goal to contextualise the OHPs, including audiologists, to 
the ONIHL and HCPs landscape in the African continent. Findings are described 
and discussed while implications for the field of audiology, engineering and 
occupational audiology within the African context are raised for both research 
and teaching, as well as clinical practice.

With the current evidence still signifying the high prevalence of OHL in 
LMICs such as South Africa, serious criticism can be levelled against the mining 
industry in these regions, particularly because hearing loss is recognised to be 
a more severe burden in LMICs than in HICs. Such a burden becomes even 
more pronounced in resource-constrained countries like South Africa where 
socio-economic inequality is a documented challenge, and therefore, an OHL 
can serve as a barrier to accessing employment and a restriction to the type 
of employment an individual with this disability can secure (Thorne 2006). It, 
therefore, becomes vital to paint a clear picture of OHL and HCPs in LMICs so 
that strategic planning can yield positive outcomes in as far as curbing and 
eliminating this occupational health challenge. Taking lessons from evidence 
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and practice in HICs while ensuring Afrocentric application of those lessons is 
key to successful implementation and monitoring of preventive audiology 
strategies within this context to achieve zero ear harm. Gaps in African context 
evidence that have been highlighted in this chapter call for deliberate and 
concerted efforts to introduce what Mignolo (2005) termed epistemic 
disobedience, where knowledge privileges people’s lives over disciplines, and 
in this case over profits, and where the epistemic privilege of HICs is not 
seamlessly accepted as the norm.
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13.1. Introduction
Occupational noise-induced hearing loss is considered one of the global 
burdens that affects workers across various occupational settings (Moroe et 
al. 2018; Nelson et al. 2005). Although preventable, this type of hearing loss 
continues to be reported with its consequent negative implications within the 
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South African context, despite HCPs having been implemented (Balfour-Kaipa 
2014a; Chamber of Mines 2016). According to WHO, ONIHL remains a 
significant public health challenge and is endemic in many occupational 
settings worldwide where hazardous noise exposure is a problem (WHO 
2020). In the United States, ONIHL is the second most reported occupational 
disease and injury across various industries (Masterson et al. 2016a; Mazlan & 
Yahya 2015). In the African continent, ONIHL is highly prevalent in the mining, 
agriculture and construction industries (Chen Kou-Huang, Su Shih-Bin & Kow-
Tong 2020) and is the third most reported occupational disease in South 
African mines (Balfour-Kaipa 2014a; Moroe et al. 2018). This type of hearing 
loss is estimated to be the most predominant disabling condition found in 
more than 10% of the global population and more in working individuals in 
LMICs, with the sub-sector of mining being the most affected (Nelson et al. 
2005; WHO 2010; Zhou et al. 2021). Therefore, there is a need to identify 
associated risk factors, predict early onset of ONIHL from secondary big 
datasets that already exist from various industries’ HCP repositories and 
reduce the ONIHL prevalence rates in these occupational contexts.

Hearing conservation programmes are used to identify new trends and to 
monitor existing and previous trends drawn from the company’s databases 
that cause employees’ health hazards, where noise exposure is the leading 
cause (Ntlhakana, Khoza-Shangase & Nelson 2020a). Hearing conservation 
and noise exposure surveillance reports differ for different regions and 
occupational settings; however, there are primary variables that make up a 
hearing conservation surveillance programme. These variables include 
exposure dose (dBA), occupation, sample initial date and duration, and 
audiometry data for individual workers (Ntlhakana et al. 2020a, Ntlhakana, 
Nelson & Khoza-Shangase 2020b). Therefore, hearing conservation 
surveillance programmes provide the prevalence of the disease (ONIHL) and 
the success of the companies’ HCPs at preventing hearing loss. The South 
African mines have been able to provide ONIHL prevalence rates and progress 
made on their HCPs in their annual and audit reports (Balfour-Kaipa 2014b; 
MHSI 2017), although this has not always been independently established to 
eliminate conflict of interest that is likely when the employer is both the referee 
and the player.

Occupational noise-induced hearing loss is a preventable sensorineural 
type of hearing loss whose onset and development are gradual and progressive 
because of the frequency of exposure to noise and the intensity level of 
occupational noise the worker is exposed to (Feuerstein & Chasin 2009). 
Noise sources known to cause ONIHL are continuous or intermittent in nature. 
Individuals exposed to these types of noises experience an increase in hearing 
loss during the first 10 to 15 years of exposure (Feuerstein & Chasin 2009). 
According to the South African Compensation for Occupational Injuries and 
Diseases Act, 1993 (Act No. 130 of 1993) (COIDA) gazetted circular Instruction 
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171 of 2001, a continuous, damaging, excessive noise exposure is defined as a 
noise level ≥ 85 dBA, averaged over an eight-hour period (8 h/TWA), with this 
being the type of noise that could potentially lead to ONIHL 
(Government  Gazette,  1993). In South Africa, evidence-based literature on 
excessive noise exposure levels has been well-documented for employees in 
the mining (all commodities), textile (Bronkorst & Schutte 2013) and 
construction industries, although it is not limited only to these two industries 
(De Jager 2017). Consequently, the reported leading cause of ONIHL in various 
industries within the South African context is excessive occupational noise 
exposure.

Damage caused by excessive noise exposure to the auditory system occurs 
in stages, with the initial effect being a temporary threshold shift (TTS) that 
lasts for 16  h–48  h, accompanied by tinnitus (Feuerstein & Chasin 2009). 
However, because of the cumulative effect brought by the nature of 
occupations, the second stage ensues, referred to as a permanent threshold 
shift (PTS) (Masterson et al. 2016b). The relationship between TTS and PTS is 
dependent on the extent of damage to the outer hair cells (OHCs), damage 
that is irreversible but preventable (Masterson et al. 2016b), as comprehensively 
discussed in Chapter 11 and Chapter 12.

The South African mining industry views ONIHL as a public health and a 
complex occupational health problem that is also influenced by genetic, 
demographic, and environmental factors (Khoza-Shangase & Moroe 2020a; 
Strauss et al. 2014). The complexity is brought about by the diverse nature of 
modifiable and non-modifiable risk factors associated with ONIHL, with the 
consequent development of a permanent disability. Occupational exposures 
specifically emitted during mining processes in the South African mines, for 
example, the different types of noises emitted by various mine equipment at 
different exposure levels, as well as concomitant dust and chemical exposure, 
increase miners’ risk for ONIHL (Edwards et al. 2011; Pillay 2020).

Previous studies conducted on HCPs in the South African mines have 
explored the complex nature of HCPs, for example, interactions between 
occupational exposures and health hazards (Khoza-Shangase 2020a, 2020b; 
Strauss et al. 2012), risk management tools used by the mines to control and 
reduce occupational exposures and prevent health hazards (Moroe et al. 2019; 
Ntlhakana et al. 2022), as well as the role of various disciplines of the hearing 
conservation practitioners in HCPs (Moroe 2020). Other health risks, such as 
treatments for tuberculosis and HIV, that affect miners’ auditory system have 
been reported previously (Brits et al. 2012; Khoza-Shangase 2020a), but have 
been found to not be routinely and comprehensively recorded in the mines’ 
HCP reports (Ntlhakana et al. 2020a, 2020b). The fact that this type of hearing 
loss (ONIHL) is associated with various risk factors, is ranked highly in 
conditions affecting miners, is problematic and shows that HCP strategies 
used by the South African mines remain inadequate and inefficient at 
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predicting and preventing ONIHL (Moroe & Khoza-Shangase 2020; Ntlhakana 
et al. 2022). Therefore, HCPs employed in the South African mines should 
consider inclusive and comprehensive big data recording, which would allow 
for the early risk identification and prediction of ONIHL through using artificial 
intelligence (AI) and machine learning (ML).

Helm et al. (2020) asserted that as advancements in data aggregation and 
deep learning algorithms rapidly occur, AI and ML are primed to radically 
change health care practice. With contemporary fast technological 
developments and exponential rises in exceptionally large data sets (‘big 
data’), ‘AI has transitioned from mere theory to tangible application on an 
unprecedented scale’ (Helm et al. 2020:69), with it having become deeply 
entrenched within many parts of society and often operating in the background 
of our everyday personal electronic devices. ML is considered a subset of AI 
and displays experiential ‘learning’ related to human intelligence, while also 
possessing the ability to learn and advance its analyses through the application 
of computational algorithms (Naylor 2018). Because of the big data that form 
part of HCPs, the use of ML tools and models to predict early risks associated 
with ONIHL is essential for the prevention of ONIHL.

The application of ML models in predicting ONIHL is a relatively new 
concept that requires evidence-based research to measure HCP effectiveness 
in the South African mining industry. Ntlhakana et al. (2022), in their study on 
ethical challenges encountered when using ML to predict ONIHL in platinum 
miners in South Africa, found that miners’ audiometry and occupational 
hygiene data were available and accessible for research in the mine’s HCP, 
but the medical surveillance records were not accessible in the same datasets. 
The mines seem to be applying different ethical principles as advocated 
by  the HPCSA (2016) guidelines and protection of personal information as 
per≈the Protection of Personal Information Act No. 4 of 2013 (PoPIA 2013) 
when recording, using, and sharing audiometry and occupational exposure 
datasets as opposed to medical surveillance datasets. This practice rendered 
the mines’ HCP records incomplete and fragmented, which hindered holistic 
assessment and management of miners’ hearing health care and accurate 
prediction and prevention of OHL through ML. Ntlhakana et al. (2022) 
concluded that although the HPCSA ethical principles and the PoPIA 
guidelines  (confidentiality and privacy) used to protect data access and 
sharing of miners’ medical and personal information were relevant, there 
appeared to be incongruence between data protection and privacy and a lack 
of clear communication around big data access for clinical care and research. 
Also, there appears to be a lack of clarity and consistency around data 
storage  and access, which in turn hinders the efficiency of ML systems. 
Therefore, clarity around miners’ data capturing, storage, management and 
sharing is required, and these authors recommend that the mines should 
employ ML systems with integrated codes for medical surveillance data, 
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medical ethics and data sharing permission rights for research purposes 
(Ntlhakana et al. 2022). This chapter deliberates on the rationale and 
opportunities for ML models as predictive tools for the early identification and 
prevention of ONIHL within the South African context, with a recommendation 
that the factors that determine an appropriate and reliable design of an ML 
model to predict ONIHL be consistently considered. These factors include 
characteristics of occupational exposures, worker factors and types of ML 
systems used to collect and analyse data, all of which should be internally and 
externally validated to allow for the provision of more reliable predictions, 
especially when working with big data (Zhao et al. 2019).

13.2. Prevalence of occupational 
noise-induced hearing loss

Nelson et al. (2005) reported the prevalence of ONIHL to range between 7% 
and 21% across various countries and industries. There is a 14% estimated 
prevalence of OHL in the United States, comprising of adults exposed to 
excessive noise in different industrial sectors, from 2011–2012 (Howard & 
Hoffman 2017). The sub-Saharan countries have the highest prevalence rates 
at more than 30%, particularly in the mining industry (Grobler et al. 2020; 
Nelson et al. 2005), possibly because of numerous reasons such as inconsistent, 
ad hoc and inefficient implementation of HCPs (Moroe et al. 2018). Little 
evidence exists in sub-Saharan countries reflecting recent prevalence rates 
across various industries, such as mining, construction, agriculture and textile, 
to name a few. This reality is a significant lacuna in evidence as reference 
reports on the prevalence rates and intervention planning are based on old 
evidence.

A few studies which have provided prevalence rates of ONIHL in the 2000s 
in the agriculture and mining industries include: 

 • Masaka (2009) reported a prevalence rate of 27.4% for Zimbabwean 
underground nickel miners.

 • Chadambuka, Mususa and Muteti (2013) reported 37% prevalence for 
underground miners in Zimbabwe.

 • Kitcher et al. (2014) reported prevalence of 24.8% for market mill workers 
in Ghana.

 • Musiba (2015) reported prevalence of 47% on Tanzanian open-pit and 
underground miners.

 • Strauss et al. (2012) reported a 30% prevalence rate for the South African 
gold miners. 

These studies’ findings provide some insight into the burden of ONIHL within 
the African continent across various occupational settings. However, the 
varied prevalence ranges from 24.8% to 47% should be noted, and sample size 
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differences in the studies they are based on considered during their 
interpretation. For example, some of these rates were based on small (Musiba 
2015) to big data (Strauss et al. 2012), but the ONIHL diagnosis was based on 
similar assessment criteria and methods (e.g. calculations drawn from 
averaged high-frequency thresholds of 1000 Hz – 4000 Hz) (Agarwal et al. 
2015). Although these studies used secondary data to report on the estimated 
prevalence of ONIHL, they also provided ONIHL epidemiology which improved 
researchers’ understanding of HCPs outcomes.

The WHO (2020) and previous studies on causes of ONIHL have cited 
excessive noise exposure levels as the main cause of ONIHL – when considering 
other possible exposures such as chemical agents’ exposure, and have thus 
recommended the implementation of HCPs, with guidelines for industries to 
report on noise reduction strategies they apply to mitigate ONIHL (Nelson et 
al. 2005; WHO 2020). South African industries have adopted these guidelines 
and implemented HCPs where excessive noise exposure (≥ 85 dBA) is present, 
particularly in the mining industry (Mine Health & Safety Inspectorate - MHSI 
2017). The various South African mining commodities that have submitted 
their compliance reports to the Department of Mineral Resources and Energy 
(DMRE) have shared their collected, analysed and reported HCP data, which 
has allowed for research to be conducted for the establishment of prevalence 
data of ONIHL in South African mines, as well as determination of the efficacy 
of HCPs (MHSI 2017; Moroe 2018; Strauss et al. 2012). Furthermore, strategies 
employed by South African mines to reduce noise emitted by the mines’ 
equipment have been reported, with additional noise reductions expected 
as some mines continue to report excessive noise exposure levels at levels 
higher than 100 dBA (MHSI 2017).

Literature reviewed thus far indicates the global burden of ONIHL at more 
than 20% (Masterson et al. 2016a). In a study conducted on the global burden of 
ONIHL, Masterson et al. (2016a) used data from the US NIOSH, with data by 
occupational category and economic sector from various work settings and 
economic activity rates in each WHO sub-region. These data were used to 
estimate the prevalence of adult hearing loss (Masterson et al. 2016a). Although 
data used were prior to the year 2000, the authors were able to show the DALYs, 
that is, over 4 million DALYs attributed to occupational noise exposure stratified 
by age, gender and sub-region to confirm their estimates. The conclusion made 
from this study was that occupational noise exposure (≥ 85 dBA) was the leading 
cause of adult-onset OHL. The Centre for Disease Control (CDC) conducted a 
similar comparative study using data from NIOSH (2003–2012), focusing on 
various industries in the United States, where noise is a problem, with a 2.53 
DALYs per 1 000 workers exposed to noise (Masterson et al. 2016a). Mentioned 
in these studies were limitations around recent and complete data from LMICs, 
with some industries presenting insufficient noise exposure measurements. 
Significant to note in these studies were limitations around challenges in accessing 
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occupational noise exposure data for research and risk analysis purposes globally, 
and hence, researchers need to conduct studies with available data for the 
estimation of the health impact of occupational exposures. Within the South 
African context, Moroe and Khoza-Shangase (2018b) reported on similar 
challenges with accessing data for research purposes to guide HCPs with 
contextually relevant and contextually responsive evidence.

13.3. Trends in occupational noise-induced 
hearing loss

Occupational noise exposure is not the only risk factor that causes OHL and 
ONIHL. Other risk factors such as the worker’s age and sex, smoking, exposure 
to mine dust, chemicals used during some of the mining processes, HIV, 
tuberculosis and ototoxic treatments for these conditions, and other medical 
conditions such as diabetes and hypertension have also been associated with 
ONIHL worldwide (Grobler et al. 2020; Khoza-Shangase 2020a; Kuang, Yu & 
Tu 2019; Masterson et al. 2016a; Pillay 2020). Therefore, these other risk factors 
should be considered within HCPs when assessing hearing health risks of 
workers if the purpose is to prevent all types of OHL. Chapters 11 and 
12  carefully  and comprehensively reflect on using current evidence to 
achieve  zero ear harm in South Africa and on strategies towards early 
detection  and management of occupational and environmental noise, with 
careful cognisance of the various levels of preventive care.

So far, there is a dearth of evidence from the South African mining 
industry context that explores the multifactorial influences of OHL, as well as 
strategies adopted to comprehensively mitigate against this occupational 
health condition. Previous South African studies within the mining context 
have explored causes associated with ONIHL in silos, with limited literature 
on the combined effects and estimated deterioration in hearing loss that has 
considered all the risk factors (Khoza-Shangase, Moroe & Edwards 2020). 
Reasons for this lacuna of evidence proffered by researchers include that 
HCPs data provided by the mines are incomplete, non-systematic and 
inconsistent, thereby providing inaccurate prevalence rates of ONIHL, with 
very little demographic and medical history profiling done to assess the 
influence of these factors on the hearing loss presentation (Grobler et al. 
2020; Khoza-Shangase 2020b; Moroe et al. 2018; Ntlhakana et al. 2022). 
Despite this shortcoming, HCPs have been able to describe miners’ hearing 
function, establish other risk factors associated with ONIHL, analyse the 
miners’ audiometry data to provide estimated prevalence rates of ONIHL 
and, to some extent, provide some understanding of trends in ONIHL specific 
to the South African mining context (Grobler et al. 2020; Khoza-Shangase 
2020a; Ntlhakana et al. 2020a, 2020b; Pillay 2020; Sebothoma 2020; Strauss 
et al. 2012).
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Audiological assessments used for the diagnosis of ONIHL follow two 
protocols that include hearing screening, where early identification and 
tracking of the hearing function occurs, and diagnostic audiometry which 
confirms the onset, type, severity, laterality and symmetry of ONIHL (Ntlhakana 
et al. 2020a). The screening and diagnostic audiometry procedures show 
protocols followed within the audiometry pillar of HCPs, and they also 
demonstrate how the company (mines) manages workers (miners) at risk for 
developing ONIHL (Franz & Phillips 2001; Moroe et al. 2019, 2020). Although 
screening audiometry establishes whether there is a problem or not very early 
on in the process and the diagnostic audiometry results in monetary 
compensation for ONIHL, both these measures are equally important because 
they allow for both detection and intervention to occur – and if conducted 
properly, they facilitate the achievement of prevention (Khoza-Shangase & 
Moroe 2020b; WHO 2020).

Within the South African context, audiometry protocols followed are in 
line with international standards, and South African mines follow protocols 
guided by the South African Mine Health and Safety Council (SAMHSC), 
which requires reporting of ONIHL according to the NIHL Regulations 171. 
This reporting is for compensation purposes (Feuerstein & Chasin 2009; 
South Africa 2001). The fact that audiometry protocols used by the South 
African mines’ hearing conservation practitioners have been consistent with 
international standards is reassuring; however, inconsistencies found in the 
miners’ audiometry records were problematic and cited as one of the main 
reasons associated with inefficient HCPs within the South African context 
(Ntlhakana et al. 2020a), alongside the restricted role that audiologists play 
in decision-making in the South African HCPs (Moroe & Khoza-Shangase 
2018a). In a study by Moroe and Khoza-Shangase (2018a), the authors noted 
the absence of audiologists in audiometry medical surveillance decision-
making and their influence in HCP targets set out by the mining companies. 
There could be reasons for the mines not to include audiologists as part of 
their HCP strategic partners, such as employment contracts and conditions 
which may need to be explored by the individual mining companies. 
According to the HPCSA statistics on the number of registered audiologists 
in South Africa, there were approximately 3 266 registered audiologists in 
2020, which places significant limitations on appropriate ar-and-hearing 
health care coverage countrywide (Pillay et al. 2020). Therefore, careful 
planning around audiometry records for programmes that aim to achieve 
accurate prediction of miners’ hearing function that includes the application 
of ML models is important for this context – even where task-shifting has 
occurred and audiologists serve as programme managers. Such models 
require accurate and complete audiometry and medical records that allow 
for the implementation of efforts toward early identification and prevention 
of OHL (Ntlhakana et al. 2022).
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This chapter recommends the use of data accessed from ML systems to 
predict and prevent ONIHL in South African mines. Machine learning focuses 
on computer programmes that have an application of AI to access data, 
automatically learn from that data, and provide systems that can improve 
from experience (learned data) without being explicitly programmed (Expert 
AI 2020; Ntlhakana et al. 2022). South African mines already have medical 
surveillance data available on risk factors, which are stored in the mines’ ML 
systems. These include occupational exposures, diagnosis of comorbid 
medical conditions and ototoxic treatments used for medical conditions such 
as cancer, HIV and TB, as well as the miners’ audiometry data. However, 
research and clinical care enhancement opportunities exist to explore 
synergies between all the occupational exposures, medical conditions and 
ototoxic treatments as concomitant secondary effects that cause ONIHL. 
There is also an opportunity for audiologists to engage in interdisciplinary 
practice where they collaborate with other hearing conservation practitioners, 
biostatisticians, computer programmers, software developers and other 
researchers interested in the field of HCPs (Khoza-Shangase et al. 2020) to 
improve the understanding of ML systems used to predict and prevent ONIHL.

Machine learning is used to make accurate predictions of ONIHL and has 
provided opportunities for using large complex datasets to solve both linear 
and non-linear problems in science studies (Moroe et al. 2020; Zhao et al. 
2019). The fact that ML can generate rules from existing data to predict 
unknown data (health risks) is an attractive feature that has been used in the 
health care sector, occupational health included, to determine treatment 
options for patients. The prediction of hearing loss in workers from different 
industries using different models has been explored by some international 
researchers (Rehman, Nawi & Ghazali. 2012; Zhao et al. 2019). The following 
ML models have been used: multilayer perceptron (MLP), adaptive boosting 
(Adaboost), support vector machine (SVM), random forest, modified back 
propagation neural network and gradient descent with adaptive momentum 
(GDAM) (Rehman et al. 2012; Zhao et al. 2019). Researchers were able to 
obtain predictive levels of between 78.6% and 80.1% (Zhao et al. 2019) and 
98% (Rehman et al. 2012), indicating that all the models were highly accurate 
at predicting ONIHL for workers exposed to diverse types and levels of noises. 
Similar analysis methods may be explored further by hearing conservation 
practitioners in LMIC contexts, including South African mines, to investigate 
the multifactorial risks associated with ONIHL which miners present with 
within HCPs.

13.4. Occupational hearing loss complexities
The complex nature of occupational diseases such as ONIHL, pulmonary TB, 
and silicosis in the mining industry have been documented extensively in the 
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literature, with evidence on how these continue to affect miners even with 
strict monitoring programmes in place (Hermanus 2007; Khoza-Shangase 
2020a; Moroe 2018; Nelson et al. 2005; Ntlhakana et al 2020b, 2022; WHO 
2010). However, there is little information available on the synergies within 
these programmes and synergistic influences of these conditions and 
medications used to treat them with noise exposure on the auditory system, 
or their potential as determinants of ONIHL risks. Such evidence is important 
to collect using ML systems already used by the mines to improve risk 
assessment tools utilised in surveillance programmes and, in turn, improve 
health service planning (Hermanus 2007; Ntlhakana et al. 2022).

A recent South African study within the mining context showed the use of 
miners’ audiometry data as a measure of HCP effectiveness (Grobler et al. 
2020). Grobler et al. (2020) used audiometry data accessed from the mines’ 
computer systems to determine the association between hearing loss and age 
over time for gold miners at Anglo Gold Ashanti in South Africa. Findings 
indicated that combined effects of noise exposure and age contributed to 
hearing loss over time. In this study, the authors found that miners exposed to 
noise (N = 4399) had a hearing loss deterioration of 3.5 dB, which was more 
than that of those who were not exposed to noise (N = 2211; 2.9 dB), over a 
period of 4 years (Grobler et al. 2020). This study focused on the miners’ age, 
noise exposure levels and pure-tone air-conduction low- and high-frequency 
averages obtained from audiograms, to track the miners’ hearing deterioration 
from baseline over a period of time and also estimated future hearing 
deterioration, which may lead to ONIHL (Grobler et al. 2020). However, in this 
study, other occupational exposures (chemicals, dust) and health risk factors 
such as TB, HIV, diabetes and cancer were not included. Therefore, data 
accessed from the mines’ computer systems, for this study, despite the 
limitations highlighted, have the potential to be explored further because 
miners’ medical surveillance and occupational exposure data were reportedly 
available in the mines’ ML systems.

Ntlhakana et al. (2020a), in another South African study, showed miners’ 
estimated hearing deterioration over time. These authors used accessed 
secondary data that contained platinum miners’ age, sex, occupations, noise 
exposure levels, baseline audiometry and annual audiometry with PLH to 
estimate hearing deterioration (Ntlhakana et al. 2020a). The authors found 
that miners with a 0% baseline PLH score had a 20% predicted risk of ONIHL 
and a 45% predicted risk if they had a 40% baseline PLH. The authors 
concluded that the mine’s current secondary data may be utilised to detect 
miners at risk of developing ONIHL at baseline. This study revealed an 
alternative way of predicting miners’ hearing deterioration through an analysis 
method that is comparable to the recommended ML analysis method (logistic 
regression). Such analysis methods could arguably improve hearing health 
services to miners and, therefore, the efficiency of HCPs.
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According to the SAMHSC, the level of hearing deemed acceptable for 
miners exposed to occupational noise is ≤25  dBHL, and this is based on 
preserving hearing for conversational speech (Resources 2016). Miners with 
hearing thresholds that exceed 25 dBHL are diagnosed with hearing loss, 
and immediate intervention and investigation of related causes should be 
reported to the DMRE (Resources 2016). Similarly, in the United States, the 
NIOSH defines a worker’s hearing loss as an average hearing level of 25 dB 
or less (better) but at the frequencies 1 000, 2 000, 3 000 and 4 000 Hertz 
(Hz). The South African mines refer to the averaged hearing deterioration as 
STS, and this was accommodated by the new NIHL Regulation 839, which 
states that fresh baselines should be conducted for all miners. The regulation 
instructs that STS that accrues from baseline and exceeds 10 dB and is > 25 
dB in both ears should be reported to the DMRE (Resources 2016). Table 13.1 
illustrates the degree of hearing loss where unilateral and or bilateral STS 
greater than 25  dBHL should be reported to the DMRE. This strategy, as 
stated in Regulation 836, allows the mines’ hearing conservation practitioners 
to estimate miners’ hearing deterioration and identify those at risk of 
developing ONIHL early without the application of complex statistical 
analysis (Resources 2016). Yet, there is an opportunity for all miners’ data 
available on the mines’ ML systems to be analysed using complex statistical 
methods to improve hearing health services (efficient HCP) and prevent any 
type of OHL.

In a study by Moroe et al. (2020), the authors investigated the implementation 
of a feedback-based noise monitoring model (FBNMM) as a tool for predicting 
ONIHL and monitoring and managing HCPs at one platinum mine in South 
Africa. Findings from this study showed that the FBNMM tool positively 
predicts ONIHL early for miners exposed to noise (n = 210) and should be 
used within a complex mine’s HCP. The authors conceptualised a model that 
included the miners’ hearing thresholds, noise exposure levels, noise exposure 
duration, age and the use of HPDs to predict the miners’ hearing loss over 
time using big data (Moroe et al. 2020). Although other occupational 
exposures (chemicals and dust) emitted during the platinum mine processes 
were not included in the FBNMM, the authors have shown evidence of other 

TABLE 13.1: Hearing as a function of averaged standard threshold shifts.

STS (dBHL)* Degree of hearing
−10–25 Normal

26–45 Mild

46–55 Moderate

56–70 Moderately severe

71–90 Severe

>90 Profound

Source: Katz et al. (2009); Resources (2016).
Key: dBHL, hearing loss in decibels.
*Range of hearing function.
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predictive models that may be compared to the recommended ML model 
aimed at improving the implementation of HCPs as part of preventive 
audiology, as argued in Chapter 1 of this book.

So far, no known South African studies have been conducted to establish 
whether the newly set NIHL milestones (2016) have been effective in facilitating 
the prevention of hearing loss among miners. Only a few studies have reported 
trends in miners’ hearing loss, and some have predicted the miners’ risk for 
ONIHL by including some of the risk factors that affect the miners’ hearing 
health (Grobler et al. 2020; Khoza-Shangase 2020a; Moroe et al. 2020; 
Ntlhakana et al. 2020b). There are gaps in the literature regarding the analysis 
methods used to estimate hearing deterioration and associated risk factors 
that cause hearing deterioration, which has limited the understanding of 
ONIHL among hearing conservation practitioners. (Ntlhakana et al. 2022; 
Seixas et al. 2012). However, the availability of electronic HCPs data presents 
opportunities for further research, such as the use of complex analysis 
methods to improve hearing health care services for miners at risk of 
developing ONIHL within the South African context. In addition, the use of 
regression analysis from existing ML systems’ data allows for the construction 
of reliable models to predict ONIHL and, in turn, prevent ONIHL early on, with 
further opportunities for the use of AI in HCPs.

13.5. Solution and recommendations
This chapter explores logistic regression methods to use in predicting and 
eventually preventing ONIHL in South African miners. Machine learning 
algorithms are new analysis methods in predicting hearing problems from 
large complex datasets and have revealed successful outcomes in solving 
non-linear and linear problems in science studies (Moroe et al. 2019, 2020; 
Zhao et al. 2019). Advances in health care have seen benefits in domains 
such as computer vision, automatic speech recognition and natural 
language processing, all drawn from the existing health care data (Zhao 
et al. 2019). Regardless of these developments, the direct utilisation of ML 
in health care has many challenges that arise from the need for health care 
providers to pursue personalised predictions through data that are created 
and administered via the electronic medical system, where data collection’s 
primary purpose is to support patient medical care rather than enable 
future analysis – in research. In South Africa, in industries where noise is a 
challenge, HCPs’ data exist mainly to manage the workers’ risk to prevent 
hearing loss, with an emphasis on audit reports and the hierarchy of 
prevention and identification of hearing loss trends (SANS10083:2013). 
Therefore, the current HCPs data and miners’ ONIHL records are the low-
hanging fruit that can be analysed using ML models for efficient HCPs 
implementation and monitoring.
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Although more work has been done in predicting ONIHL from the South 
African miners exposed to diverse noises, a dearth of research on ML systems 
still exists. A review of the opportunities for ML in predicting ONIHL for the 
South African miners will allow hearing conservation practitioners to realise 
potential benefits for further data analysis and the need to collaborate with 
ML researchers from other departments and faculties to come up with complex 
interventions for ONIHL as a complex occupational health condition (Khoza-
Shangase et al. 2020). Some of the opportunities drawn from previous studies 
in this chapter include the following:

 • The determination of how to prevent miners’ ONIHL is possible where data 
in ML systems can play a fundamental role in incorporating key medical 
conditions in HCPs to ensure that, where required, individualised HCPs are 
implemented (Khoza-Shangase 2020b).

 • The emphasis on electronic medical records, which record the process of 
medical surveillance and audiometry delivery and operational requirements 
such as tracking of the miners’ hearing function.

 • The miners’ medical data are heterogeneous and come in a variety of forms 
that can be used to understand the miners’ overall hearing health within a 
standardised system that ensures the collation of all relevant medical risk 
factors in all HCPs.

 • The capitalisation on existing logistic regression models used by researchers 
on the miners with ONIHL.

 • The advances in tele-audiology increase data capturing via ML systems 
through automated hearing screening/testing methods allowing for ease 
of comparative analysis against existing audiometry data (SANS 
10083:2013). Automated hearing screening also reduces the workload 
burden of the occupational health nurse (OHN) while at the same time 
allowing for easy access to and timeous analysis of data by ML systems.

 • Integrating fragmented medical and audiological surveillance records for 
the miners as these are currently kept in different data sources in most 
South African mines, which has led to a lack of communication and 
coordination that has affected the management of miners at risk of 
developing ONIHL.

 • Exploring new ways of data use and analysis, such as the FBNMM (Moroe 
et al. 2019, 2020), to guide the management of miners at risk of 
developing ONIHL based on more evidence-based research from a 
variety of algorithms.

 • The phenotyping of miners with ONIHL remains critical within the South 
African mines. Miners’ parameters have already been classified for 
miners with ONIHL and those without; however, this process needs to be 
continuously updated to reflect characteristic changes in the South 
African miners, and these variables need to inform the ML systems used 
continuously.
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 • Internal and external validation of data from the mines is important and 
creates robust models. This two-way validation allows hearing conservation 
practitioners to collaborate with ML researchers to explore new methods 
of data analysis in predicting ONIHL for South African miners.

By highlighting existing data ML opportunities in this chapter, audiologists, 
occupational health nurses, occupational medical practitioners and 
occupational hygienists are encouraged to consider new ways of approaching 
HCPs and future collaborations – ways that aim to advance data capturing, 
data storage and data analysis, so that HCPs implemented are evidence-based 
and responsive to the context. The national health care coverage prioritises 
programmes intended for preventable medical conditions; therefore, efficient 
HCPs that are aimed at prevention should be integrated into the NHI planned 
by the South African government to facilitate universal ear-and-hearing health 
care coverage that forms part of universal health care coverage.

13.6. Conclusion
Because of the high prevalence rates of ONIHL recorded in South African 
mines and how the availability of the mines’ HCPs electronic data and 
availability of the miners’ electronic medical and audiometry surveillance 
records have not been exhaustively analysed in order to predict ONIHL for 
South African miners, opportunities to explore ML analysis methods exist. 
A dearth of evidence on the use of new research analysis and clinical methods 
such as ML algorithms in South African mines raises the need for hearing 
conservation practitioners to explore these methods. The availability of 
medical surveillance data that provides risk factors associated with OHL 
requires hearing conservation practitioners to further analyse these data to 
accurately predict future hearing loss cases, where all possible influencing 
factors have been taken into consideration, not just in the assessment but also 
in the preventive interventions provided within this context. There is a need to 
consider ML models to improve accurate testing and estimations of 
occupational health risks caused by all risk factors. For this to happen, 
deliberations around standard data capturing protocols need to occur to 
ensure that all relevant data are captured and kept in user- and research-
friendly formats that would allow for contextually relevant interventions as 
well as holistic data analysis to occur. The use of ML models to predict ONIHL 
on HCPs data accessed from the South African mines can allow for ease in 
comparative analysis of findings in mines across the country, with improved 
access to data by independent reviewers for objective analysis devoid of 
conflict of interest. Such objective reviews would facilitate the planning of 
HCPs that are evidence-based and guided by best practices. It is important 
that these systems adhere to ethical principles and PoPIA.
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This manuscript addresses a highly relevant and very valuable topic and will 
contribute greatly to the service provision of Audiology to all, as well as address 
Sustainable Development Goals. The manuscript content is very important for 
resource constrained environments. The practical guidelines offered will facilitate 
implementation of the solutions suggested. The evidence presented and the call 
for a mindset change from relevant role players underpins the significance of the 
manuscript. The attention to the various areas where Preventative Audiology can take 
place highlights the innovative principles underlying this manuscript.

Dr Anita Edwards, Department of Social Science,  
Africa Health Research Institute, Mtubatuba, South Africa

Hearing function can be negatively impacted by numerous factors, including 
lifestyle choices, environmental factors, genetic predisposition, burden of disease, 
and other causes. Frequently, hearing impairment can be prevented and/or its 
consequences significantly minimized through preventive measures. Such prevention 
commands conscientiously deliberated, anticipatory actions. South Africa, as a 
resource-constrained low-and-middle-income country, still has a challenge of high 
numbers of individuals with preventable hearing impairment from cradle to grave. 
This book, Preventive audiology: An African perspective, is an original scholarly 
book that introduces the concept of preventive audiology, with a specific focus on 
the African context, which is in line with the South African re-engineered primary 
healthcare strategy as well as the World Health Organisation’s approach. It reflects on 
contextually relevant and responsive evidence-based perspectives in four major ear 
and hearing burdens of disease within the South African context: (1) early hearing 
detection and intervention, (2) middle ear pathologies, (3) ototoxicity, and (4) noise 
induced hearing loss. The book represents innovative research, seen from both a South 
African and global perspective. It offers new discourse and argues for a paradigm shift 
in how audiology is theorised and performed, particularly in low-and-middle-income 
country contexts, while, arguing for Afrocentric best practice evidence that leads to 
next practice. Sufficient evidence exists regarding the economics and quality of life 
investment benefits of preventive care, hence the focus of this edited book on African 
Perspectives. The book’s target audience consists of specialists in the field of Audiology.


	Front Cover
	Health and Veterinary Sciences domain editorial board at AOSIS
	Contents
	Abbreviations and acronyms, boxes, figures and tables appearing in the text and notes
	List of abbreviations and acronyms
	Box list
	List of figures
	List of tables

	Acknowledgements
	Notes on contributors
	Chapter 1 Preventive audiology: Ramping up efforts towards an ear-and-hearing healthy nation
	1.1. Introduction
	1.2. Preventive audiology argued
	1.3. Conclusion

	Chapter 2 Tele-audiology and preventive audiology: A capacity versus demand challenge imperative in South Africa
	2.1. Introduction
	2.2. Task-shifting and tele-audiology
	2.3. Considerations around tele-audiology for preventive audiology
	2.4. Conclusion

	Chapter 3 Tele-audiology within the African school context: Opportunities, challenges and proposed solutions
	3.1. Introduction
	3.2. Prevention, identification and management of hearing impairment and associated implications for tele-audiology-based services
	3.2.1. Challenges with prevention, identification and management of hearing impairment within the African context
	3.2.2. Telehealth-based audiology services within the African school context: Benefits and challenges
	3.2.3. Challenge one: Adoption and sustainability
	3.2.4. Challenge two: Comprehensive service delivery
	3.2.5. Challenge three: Guidelines and policy formulation
	3.2.6. Challenge four: Education and training of health care professionals

	3.3. Recommendations and solutions
	3.4. Conclusion

	Chapter 4 Community-based audiology services: An effective strategy for the prevention of hearing loss in rural communities
	4.1. Introduction
	4.2. Background
	4.2.1. Access to health care
	4.2.1.1. Availability
	4.2.1.2. Accessibility
	4.2.1.3. Affordability
	4.2.1.4. Accommodation
	4.2.1.5. Acceptability

	4.2.2. The South African health care system
	4.2.3. Rurality

	4.3. Prevalence of hearing loss: Current trends
	4.4. Prevention of hearing loss
	4.4.1. Primary prevention
	4.4.2. Secondary prevention
	4.4.3. Tertiary prevention

	4.5. Ear-and-hearing health care in sub-Saharan Africa
	4.6. Ear-and-hearing health care services in South Africa: A rural perspective
	4.6.1. Prevalence of hearing loss
	4.6.1.1. Associated factors

	4.6.2. Access to ear-and-hearing health care services
	4.6.3. Availability of hearing care in the public health care sector
	4.6.3.1. Range of hearing health care services
	4.6.3.2. Staffing
	4.6.3.3. Equipment

	4.6.4. Accessibility of hearing health care services
	4.6.5. Affordability of hearing health care services
	4.6.6. Accommodative nature of hearing health care services
	4.6.6.1. Operational aspects
	4.6.6.2. Health literacy levels
	4.6.6.3. Awareness and knowledge of hearing health care services

	4.6.7. Acceptability of hearing health care services

	4.7. Summary
	4.8. Solutions and recommendations
	4.8.1. Community-based service model for the prevention of hearing loss: A South African approach
	4.8.2. Proposed community-based service model for the prevention of deafness and hearing loss
	4.8.3. Roles of different hearing health care staff
	4.8.4. Recommendations
	4.8.5. Challenges

	4.9. Conclusion

	Chapter 5 Preventing middle ear pathologies in the South African context: A proposed programmatic approach
	5.1. Introduction
	5.2. Current health care service provision for middle ear pathologies
	5.3. Technology within the current model of ear-and-hearing health care
	5.4. Universal health care coverage and the National Health Insurance within the current model of ear-and-hearing care
	5.5. Programmatic approach: Proposed framework 
	5.6. Scope of paraprofessionals within the programmatic approach
	5.7. Task-shifting within a programmatic approach that includes tele-audiology
	5.8. Tele-audiology within the programmatic approach 
	5.9. Conclusion

	Chapter 6 Ototoxicity vigilance as a preventive audiology imperative within the African context: Pharmaco-audiology explored
	6.1. Introduction
	6.2. Context
	6.3. Delving into ototoxicity
	6.4. Benefit versus risk of ototoxicity vigilance
	6.4.1. Evaluation of benefit versus risk
	6.4.2. Influencing factors to risk–benefit evaluation

	6.5. Solutions and recommendations
	6.6. Conclusion

	Chapter 7 The earlier the better: Framing EHDI within preventive audiology
	7.1. Introduction
	7.2. Health care in South Africa
	7.3. Levels of prevention
	7.4. Prevention in the context of early hearing detection and intervention
	7.4.1. Primary prevention
	7.4.2. Secondary prevention
	7.4.3. Tertiary prevention

	7.5. Conclusion

	Chapter 8 Early hearing detection and intervention: Considering the role of caregivers as key co-drivers within the African context
	8.1. Introduction
	8.2. Background 
	8.3. Exploring evidence on the role of caregivers in early intervention with solutions for the African context
	8.3.1. Identification/detection and caregivers
	8.3.2. Diagnosis and intervention
	8.3.3. Decision-making throughout the EHDI process

	8.4. Conclusion

	Chapter 9 Preventive audiology in the context of deafblindness
	9.1. Introduction
	9.2. Deafblindness
	9.3. Preventive health
	9.3.1. Primary prevention
	9.3.2. Secondary prevention
	9.3.3. Tertiary prevention

	9.4. Recommendations and solutions
	9.5. Conclusion

	Chapter 10 Economic evaluation of EHDI programmes in South Africa: Putting EHDI on the political advocacy and resource allocation agenda
	10.1. Introduction
	10.2. Economic evaluation of early hearing detection and intervention programmes
	10.2.1. Economic impact of childhood hearing impairment
	10.2.2. Aligning early hearing detection and intervention services to the sustainable development goals and economic benefit
	10.2.3. Economic evaluation of early hearing detection and intervention
	10.2.3.1. Cost-consequence analysis
	10.2.3.2. Cost-benefit analysis
	10.2.3.3. Cost-effectiveness analysis
	10.2.3.4. Cost-utility analysis
	10.2.3.5. Conjoint analysis


	10.3. Solutions, recommendations and future research
	10.4. Conclusion

	Chapter 11 Early detection and management of occupational and environmental noise
	11.1. Introduction
	11.1.1. Primordial prevention
	11.1.2. Primary prevention
	11.1.3. Secondary prevention
	11.1.4. Tertiary prevention
	11.1.5. Quaternary prevention

	11.2. Preventive environmental and occupational audiology in the South African context
	11.2.1. Framing of the milestones
	11.2.2. Absence of occupational audiologists
	11.2.3. Burden of disease
	11.2.4. Complex nature of hearing conservation programmes

	11.3. Recent advances in early detection and management of occupational and environmental noise
	11.4. Conclusion

	Chapter 12 Occupational noise-induced hearing loss and preventive audiology: Using contemporary evidence to achieve zero-ear harm in South African mines
	12.1. Introduction
	12.2. Current status of occupational hearing loss and hearing conservation programmes in Africa and solutions
	12.2.1. Policy and legislation in the management of occupational noise
	12.2.2. Contextual factors, barriers and/or facilitators influencing implementation of hearing conservation programmes
	12.2.3. Other toxins contributing to OHL
	12.2.2.1. Monitoring and evaluation factors in occupational noise
	12.2.2.2. Recent advances in the management of occupational noise


	12.3. Conclusion

	Chapter 13 Machine learning models: Predictive tools for occupational noise-induced hearing loss in the South African mining industry
	13.1. Introduction
	13.2. Prevalence of occupational noise-induced hearing loss
	13.3. Trends in occupational noise-induced hearing loss
	13.4. Occupational hearing loss complexities
	13.5. Solution and recommendations
	13.6. Conclusion

	References
	Index



