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ABSTRACT

Background: The association between the human immunodeficiency virus @hdguditory
pathologies, including middle ear pathologies, has been extensively researched. However, most
of this research has documented tiiedle ear pathologies of people living with HIV using
conventional tympanometry with single probe tone, which has been shown to have poor
sensitivity and specificity. Consequently, middle ear function and pathologies of people living
with HIV may not hae been accurately represented. While wideband acoustic immittance
(WAI) such as wideband reflectance or/and absorbance measures emerged as a potential
measure that can accurately identify early signs of middlgatologies angrovide an
accurate pictwr of the middle ear function, little is known about middle ear function and
pathologies of adults living with HIV using wideband acoustic immittance. The value of
preventive audiology in this population tha
guaduple burden of disease cannot be overemphasized.

Purpose The primary purpose of this study was to investigaigdle ear function through

WAL in adults living with HIV. Specific objectives included to: review evidence on trends of
middle ear pathologgein adults living with HI\V determine current practices employed by
South African audiologists in identifying middle ear pathologiletermine the usefulness of

using telepractice to identify middle ear pathologies in adults living with HIV; deterniige t
usefulness of wideband absorbance measaoraentifying middle ear pathologies in adults

living with HIV; determine the sensitivity, specificity, and characteristics of wideband
absorbance measures in adults with and without HIV; determine the cahdfieets of HIV

and comorbidities on hearing function; and explore risk factors that influence the development
of middle ear pathologies in adults living with HIV.

Participants: A nonprobability purposive sampling was used to recruit and selectipartts

South African dults aged 18 years and above who were diagnosed and living with EH¥ in
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GautengProvince and attending an HIV clinias well asadults who are HIV negativas a
control group were recruited and included in the study.

Design While the general methodology for this research comprised of a quantitative, cross
sectional design, each research article that forms part of this study has its own igsegfich
designand methodology, and this is presente@ach article

Data analysis Data were analysed using the STATA version 1.5. For each paper (presented
as chapters in this thesis), specific statistical analysis procedures were adopted, and are
reflected in eachfdhe chapters.

Results Findings in this study revealed that middle ear patholaiesommon and higly
prevalentin adults living with HIV, reaching approximately 60#6the current samplé@hese
pathologies vary according to type and sevesdtyd ths is influenced by theniddle ear
measure usetbr assessmenThe common middle ear pathologies in this stugye otitis

media with effusion, chronic suppurative otitis medvéth conductive hearing loss. Despite

the existence and occurrence of middé pathologies, some audiologists do not regularly
incorporate tympanometry into their clinical practice. Asynchronous tele pratttroeigh
video-otoscopy,was found to be useful and fedsibn the identification of middle ear
pathologies in adults limg with HIV, with substantial agreemenkK<£0.5801 to 0.6047)
between otorhinolaryngologist$he wideband absorbance measure was found tonbe
accurate in identifying middle ear pathologies than the tympanometry with 226Hz probe tone
and pure tone auadlinetry using air/bone gap. The sensitivity of wideband absorbance reached
88%, while that for tympanometry with 226Hz probe and pure tone audiomeaybelow

20%. In addition, the wideband absorbance patterns, measured at ambient pressure and
tympanometi peak pressure, were also established for participants with normal middle ear
function and middle ear pathology. While there veadifference between the wideband

absorbance pattern of participants with normal middle ear function and middle ear pashologie
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with middle ear pathologies being lower in the low to mid frequencies (226Hz to approximately
3000) for both ambient pressure and tympanometry peak pressure, this difference was not
statistically significant between and within groups. Finally, findimighis study indicated that
adulsliving with HIV, with comorbidities such as hypertension and hypercholesterolemia, and
risk factors such aadvancingage and an extended use of AR&ye arincreased the risk of
developing various types of hearing loss.

Conclusion: Current findings highlight the importance of preventive tailored care for adults
living with HIV. The study indicated that middle ear pathologies and hearing loss are high in
adudts living with HIV. The development of these pathologies is associated with comorbidities
and other risk factors. Wideband absorbance mesappear to offer promise as a diagnostic
measure for middle ear pathologiasthis population However, widebandbsorbance must

be used in conjunction with other middle ear measures such as video gptosiooprove early
identification and intervention of middle ear pathologies. While this study indicates that middle
ear pathologies are common in adults livinghwitlV, the patterns of wideband absorbance
suggest that middle ear function in this population may not be different toétjativecontrol

group. Findings of this study also highlighted the importance of training facilitators to capture
guality video otosopic images that can be used for tele practice in a South African context
where demand versus capacity challenges exist in as far as ear and hearing care healthcare
practitioners are concernedrinally, this study raiseimplication for resource distrilion,
ensuring that accurate measures such as wideband absaoreasteeare available in clinical
setting, which will improve early identification and intervention in adults living with HIV.
Keywords: adults; audiologists, AIDS; HIV; South Africa; Widand acoustic immittance,

middle ear pathologies; videmioscopy
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CHAPTER 1

HIV AND MIDDLE EAR PATHOLOGIES

Chapter 1 provides an overview of HIV, including its prevalence, and its association with
middle ear pathologies in the adult population. The chapter also provides the statement of the
problem, motivation for the study, statement of originality, as wethasaim and specific
objectives of the study. Lastly, this chapter provides an overview of the research methodology

adopted in the study and the overall outline of this thesis.

1.1BACKGROUND
The human immunodeficiency virus (HIV) has been in existence for approximately

four decades (Centre for Disease Control and Preve@iia@, 2001). Since the first cases of

HIV were reported, there has been continued global efforts to combat the sprd&d andH
reduce mortality and morbidity related to the acquired immunodeficiency syndrome (AIDS)
(The Joint United Nations Programme on HIV/AHBIAIDS, 2019). While these efforts

have yielded significant progress and contributed to clinical practicesydarty in improving

patient care and management through highly active antiretroviral therapy (HAART), HIV
continues to be prevalent as demonstrated by the increase in new infections annually
(UNAIDS, 2019). This results in HIV remaining one of the biggrsilic health challenges
globally, with lowandmiddle-income countries (LMICs) such as South Africa being amongst

the most affected regions (World Health OrganizaildHO, 2018).

Globally, the prevalence of HIV is estimated to be approximately 40 miieople
infected, with evidence of increasing new infections annually (UNAIDS, 2020). Reports
suggest that LMICs accounts for slightly over tthads of the HIV pandemic (UNAIDS,

2019). This HIV pandemic challenge in these regions is over and abovebatidens of
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diseases that exists in these regions, such as the documented quadruple burden of disease in
South Africa (KhozeShangase, 2020). All these challenges stretch the already dilapidated
healthcare systems in these regions, including the extrem&ndeversus capacity challenges
around healthcare workers. In South Africa, for example, the HIV pandemic doubled from 4.25
million in 2002 to approximately 8 million in 2018 (Statistics South Africa, 2018), without the
doubling of human resources. Tod#ye prevalence of HIV in South Africa is approximately

7 million, with evidence of continued new infections (UNAIDS, 2020). Recent reports from

the South African indicate that there is a high incidence of new HIV infections among young

pregnant women, with300 new HIV cases (Sompane, 2021).

The high prevalence of HIV infections is concerning because of its documented
association with middle ear pathologies (Sebothoma & KiStmngase, 2020). Extensive
research has been conducted examining the associagibtveen HIV and middle ear
pathologies (Chandrasekar et al., 2000; Khoza & Ross, 2002; {St@ragase & Anastasiou,
2020; Sebothoma & Khoza@hangase, 2018; Matas et al., 2018; Tshifularo et al., 2013; Torre
et al., 2015; Van der Westhuizen et al., 20I3)ese studies have indicated that middle ear
pathologies are common amongst individuals with HIV. A systematic review conducted by
Sebothoma and Khozahangase (2020) found that the severity of middle ear pathologies in
adults living with HIV can range fro the less severe form such as acute otitis media (AOM)
to the chronic form of middle ear pathologies such as chronic suppurative otitis media (CSOM)

T indicating that these pathologies vary in nature and severity.

The pathophysiology of middle ear paftbgies in adults living with HIV continues to
be a topic of scholarly interest. Earlier studies suggest that adults living with HIV are at a risk
for middle ear pathologies due to their weak immune system that results from a reduced number

of CD4 T-cells, affecting the functioning of the eustachian tube, and ultimately allowing
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pathogens to invade the middle ear system (Obasineke et al., 2014; Van der Westhuizen et al.,
2013). Although this weak immune system theory continues to be the strongest amang,schol
current evidence which indicates that middle ear pathologies in adults living with HIV persist
despite a strong immune system (Sebothoma & KiStmmgase, 2018), requires further
exploration to fully understand the mechanism that underlie the occar@nmiddle ear
pathologies, and the need for early identification and intervention for individuals living with

HIV.

Despite the limited understanding on pathophysiology of middle ear pathologies in
individuals living with HIV, it is clear that middle egathologies exist and appear to be
persistent in adults living with HIV (Fokouo et al., 2015; Matas et al., 2018; Sebothoma &
KhozaShangase, 2018; Sulyman et al., 2010). This persistence is concerning because of the
recognised consequences of middle gathologies. Research has indicated that middle ear
pathologies can cause transient conductive hearing loss (CHL) (Martin & Clark, 2019;
Tshifularo et al., 2013). While transient CHL can resolve by itself or by medical intervention
if identified early (Sach & Ramachandran, 2022), prolongation of middle ear pathologies
without early intervention can lead to permanent hearing loss (mixed or sensory/neural) (MHL
or SNHL) (Kolo et al., 2012), auditory processing difficulties (APD) (Villa & Zachetta, 2014),

ard life-threatening conditions such as meningitis (Sharma et al., 2015).

Although transient CHL may not have dire consequences in adults, especially if early
intervention is implemented, permanent hearing loss can &aignificant impact orthis
populaton. Research indicates that hearing loss in adults affects the temporal processing
abilities, which exacerbates challenges with hearing speech in the presence of background
noise (Presacco et al., 2019). Some studies have indicated that hearing loks taadifect

the overall health of the individual affected (Croll et al., 2021; Davies et al.,).2B2a0
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example, Davies and colleagues (2020) found that adults with hearing loss reported feelings of
fatigue (Davis et al., 2020). Linnd colleagues (2012) found that hearing loss in adults
increases the risk of dementia, while Croll and colleagues (2021) found an association between
hearing loss in adults and lower cognitive function. As a result, adults with hearing loss have a
significantly reduced quality of life (Govender & De Jong, 2021; Mufioz et al., 2021), thus the
value of preventive audiology measures to mitigate against potential causes of hearing loss
such as middle ear pathologies.
1.2 STATEMENT OF THE PROBLEM

Given that midle ear pathologies in individuals living with HIV may be subtle and not
affecting the mobility of the tympanic membrane (Sanja et al., 2011; Sebothoma &-Khoza
Shangase, 2018), early identification methods that have higher sensitivity and specificity are
needed. This is more so in leandmiddleincome countries (LMICs) such as South Africa
because of limited resources to deal with the sequelae of untreated middle ear pathologies
(Fagan & Jacobs, 2009; Mulwafu et al., 2017). In LMICs, tympanometry withesprgbe
tone such as 226Hz, 667Hz and 1000Hz probe is the commonly practiced measure of middle
ear function (Eranuel et al., 2012; Sebothoma & Khe&hangase, 2021). The widespread use
of tympanometry with single probe tone has been attributed to thevethsvhich the measure
can be performed (Erkkolanttinen et al., 2014), the fact that it is quick to measure and
interpret results (Martin & Clark, 2015), it provides objective results (British Society of
Audiology-BSA, 2013), and it is less expensivedaoften more available in most clinical

settings (Sebothoma & Kho#&hangase, 2021).

Despite its widespread use, tympanometry has been shown to be plagued with
numeroudimitations. Several studies have indicated that tympanometry with single probe tone
often misses middle ear pathologies that have not severely affected the mechanical properties

of the tympanic membrane (Hunter et al., 2017; Kaf, 2011; Ogut et al., 2008; Shahnaz et al.,
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2009). Kaf (2011) noted that tympanometry missed over 60% of adtisenzedia (AOM) in
individuals with Downdés syndrome. Hunter et
their study presented with normal tympanometry with 226Hz probe tone (type A
tympanograms) despite the presence of CHL. More recently, Sefmtred Khoz&shangase

(2018) reported that tympanometry with 226Hz probe revealed 8% of middle ear pathologies,
while video otoscopy revealed 11% in the same sample. Thus, early identification of middle

ear pathologies using tympanometry with 226H probgares questionable.

Recently, the department of otolaryngology at the University of Pretoria (UP) pioneered
the worl dés first mipnted boneeunder the mawspicespof tledourthu s i n
industrial revolution (4IR) (htt://www.up.ac.za)his 3D-printed model is intended to treat
patients with abnormal ossicular chains that cause CHL. While this kind of innovation holds
promise as a potential treatment for middle ear pathologies, early identification of these
pathologies is crucial to redeiche need for such specialised surgeries in countries that are
resource constrained. Due to the fact that tympanometry with single probe tone cannot
effectively distinguish otosclerotic from normal ears (Shahnaz & Polka, 1997; Shahnaz et al,

2009), the cotinuous use of this measure may compromise early identification.

Due to the documented limitations of tympanometry with single probe tone, there has
been an increasing number of published studies advocating for a new method for identifying
middle eampathologies (Aithal et al., 2019; Kaf, 2011; Sebothoma et al., 2021; Sheihalaz
2009; Wang et al., 2019). These studies report that WAI is more accurate in identifying various
middle ear pathologies than tympanometry with a single probe tone (Bedrs2910; Kaf,

2011; Ibraheem, 2014akajima et al., 20135ebothoma et al., 202Terzi et al., 2015). The
superiority of WAI over conventional tympanometry with single probe tone (e.g., 226Hz)

stems from its unique clinical parameters, which inclir@euse of droadband stimulus such
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as a click or chirp assessed ovewide range of frequencigS&anford et al., 2013). These
parameters allow for the comprehensive overview of the middle ear function, including the
detection of resonant frequency (RBhahnaz, 2008), which is detectable in the mid to high

frequencies@zgur et al., 2016; Terzi et al., 2015)

Despite the considerable research indicating the promising prospect of WAI as a
clinical measure (Grais et al., 2021; Feeney & Sanford, 2004gH&rSanford, 2015; Hunter
& Shahnaz,203;, Liu et al ., 2008; Myers et al),., 201
thereare still shortcomings identified across these studies that make it difficult to introduce
WAI as a routine measure in dlial practice. Firstly, most studies on WAI were conducted
primarily in highincome countries (HICs) such as the United State of America and Canada
(Beers et al., 2010; Hunter et al., 2017), which are far different to the South African @ontext
terms of socioeconomic background, infrastructure, nature, and treatment of diseases,
documented healtbeeking behaviours, and so on (Mayosi & Benater, 2(Adthermore,
most of these studies were predominantly focused on the paediatric populdttiah €t al,
2015; Aithal et al., 2017; Gouws et al., 2018; Hunter et al., 2017; Hunter, et al., 2010; Hunter

et al., 2008; Myers et al., 2019; Wali et al., 2017).

Studies on WAI thafiocusontheadult population are limited (Karuppann&amarman,
2020; Robinson et al., 2016). Available research in this population has not examined WAI in
adults living with HIV. Kelava and colleagues (2020) studied adults with clinically confirmed
otosclerosis; Kim and colleagues (2018) studied patietiss@®HL due to tympanic membrane
perforation, ossicular chain disorders and those with combined problems with mastoiditis;
while other studies examined middle ear system of adults with normal middle ear function with
no risk factors for middle ear patholegi(Margolis et al., 1999; Polat et al., 2015; Sun, 2016).

This lack of evidence on adults living with HIV exastespite evidence suggesting that HIV
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increases the risk of middle ear patholog@sandrasekhar et al., 2000; Dawood et al., 2020;
Ensink & Kuper, 2017 Shijaet al., 2020; Millar et al., 2020; Peter et al., 2020; Tshifularo et
al., 2013; Vajpayee et al., 201&d, to some extent, exacerbates the progression of middle ear
disease in this populatio@basineke et al., 201¥an Westhuize et al., 2013)The prevalence

of middle ear pathologies in individuals living with HIV has been recorded to be as high as
over 60% (Sebothoma & Kho#hangase, 2020; Sulyman et al., 201Biven the high
prevalence of HIV in South Africa (UNAIDS, 2020jhe use of thelessthanideal
tympanometry with single prone tone may compromise early identification, and therefore early

treatment of middle ear pathologies.

The current researcherdés findings from
evidence on WI and HIV (Sebothoma, 2018); however, specific wideband absorbance
patterns for various middle ear pathologies in adults living with HIV could not be determined
due to the small sample size (Sebothoma & KHelzangase, 2018) and the scope of that study.
Addi tionall vy, the |l ack of an HIV negative
conclusions that could be drawn from that study on wideband absorbance patterns in adults
living with HIV. As a result, recommendations to address the limitationseo$tildy were
raised. Hence, in the current study, HIV negative control gveaincluded. Furthermore,
given that there are limiteglr anchearing health professionals in South Africa (Pillay et al.,
2020), which affectaccess to hearing health carevgass, telepractice has been proposed as
a vehicle to deliver hearing health services to underserved &aabbfooke, & Houston,

2013; Swanepoel & Hall, 2018hozaShangase et al., 20R Btudies that used video otoscopy
indicate thatele-practice can be used to identify middle ear pathologies (Biagio et al., 2013;
Biagio et al., 2014; Lundberg et al., 2014). Limited studies exist that incorporate the use tele
practice using measures such as video otoscopy and wideband absorbanae imeasu

identifying middle ear pathologies in adults living with HIV.
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1.3 MOTIVATION FOR THE STUDY
Early identification and intervention of middle ear pathologies is crucial, particularly

in adults living with HIV because of their recognised risk of d@viag these pathologies.
Extensive research has indicated that untreated middle ear pathologies may cause many
complications that are permanent, affecting the quality of life of individuals involved (Adey

et al., 2010Kaur et al., 2018; Kolo et al., 28; Sharma et al., 2015; Singh et al., 2020). Not

only are healthcare professionals that are responsible for assessment and management of
middle ear pathologies limited in LMICs (Mulwafu et al., 2017; Pillay et al., 2020), some of
those who are availabledk the necessary expertise to deal with the complex procedures
(Origi, 2013). This knowledge and skills gap may result in patients not receiving the necessary
required treatment. Patients who may receive the treatment for chronic middle ear pathologies
may find the services extremely costly amaaffordable andnay have to travel long distances

to access them (Ntshimirimana & Mukara, 2018).

Although there are currently no studies in South Africa that have investigated the cost
of untreated middle ear patlogies and other auditory pathologies such as permanent hearing
loss (e.g., SNHL), available studies from other countries have indicated that the costs
associated with untreated middle ear pathologies are generally high (Adeya et al., 2010; Pérez
Herreraet al., 2010). For example, Péfiderrera and colleagues (2020) reported that patients
spend approximately 30% of their household income over a period of 6 months on CSOM
related costs in Columbia, while Adeya and colleagues (2010) also reported sigpifiggn
costs in treating chronic suppurative otitis media (CSOM) in Nigeria, especially if surgery and
hospitalization were required’. Therefore, incorporating sensitive measures of middle ear
function such as wideband absorbance measure (Terzi et0db) Becomes crucidbr
identifying early signs of middle ear pathologies, especially in individuals who are prone to

middle ear pathologies such as those living with HIV.
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Given that middle ear pathologies persist in adults living with HIV despite thefuse
antiretroviral therapy (ARV), andue to the fact thahe prevalence of HIV remains high in
LMICs, early identification methods to prevent the sequelae are crucial (Sebothoma & Khoza
Shangasesubmittedl. However, current practice in ear and heariagltincare settings within
the South African context does not seem to achieve early identification of middle ear
pathologies, for various reasons including skills and knowledge challenges as well as access to
appropriate equipment (Sebothoma & Kh&teaangas, 2021). Sebothoma et al. (2021) found
significant reliance on tympanometry with a single probe tone as current practice by South
African audiologists, to evaluate middle ear functalthough this measutes been shown to
lack the sensitivity and spdicity. While the introduction of WAI comes close to providing a
comprehensive overview of the middle ear function, there is limited evidence on the use of
WAL in adults living with HIV, particularly in LMICs such as South Afritaas part of
preventive adiology goals in such contexts. Therefore, the current study has significance
towards adding to the knowledge base and contribute to the understairatngell as practice

in middle ear function and pathologies adults living with HIV.

1.4 STATEMENT OF ORIGINALITY

The originality of this study is built on the definition proposed by Guetzkow et al.
(2004), which stipulates that originality of a study reteremploying a new approach, using
new methods, studying a new topic, doing research in understudied populations, and producing
new theories and findings. While the topic of HIV and middle ear function and pathologies is
not new, the methods that were digethis study are completely different to those used in other
studies. Previous studies have used tympanometry with 226Hz probe tone to determine the
middle ear mechanics of individuals living with HIV (Chandrasekhar et al., 2000; Millar et al.,
2020; Olasineke et al., 2014; Torre et al., 2015; Van der Westhuizen et al., 2013). However,

studies have reported that tympanometry with 226Hz probe tone has poor sensitivity and
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specificity (Kaf, 2011; Shahnaz et al., 2009), and therefore it is inadequatdasty te
diagnostic efficacy and early identification and intervention of middle ear pathokiyees

objective of preventive audiology, which this study falls under.

The current study examined the middle ear mechanics ofslauftg with HIV using
WAL, video otoscopy analysed asynamoosly by otorhinolaryngolagts(Biagio et al., 2013),
and pure tone audiometry using air and bone conduction thresholds to determine the conductive
element (Martin &Clarke, 2019). These measures are included in thidy siw explore a
measure or combination of measures that can provide the diagnostic efficacy in individuals
with HIV. The value and sensitivity of WAI has been examined and documented in different
populations and age groups (Hunter & Shahnaz3R@ilt little is known about it in adults
living with HIV. Therefore, this study determined the specific wideband absorbance patterns
of adults living with HIV and explored if these patterns dittethose of HIV negative control
groupi an area that was not preusly explored (Sebothoma et al., 2021). These wideband
absorbance patters of adults living with HIV and HIV negative control group provide insight

into the effects of HIV on middle ear function.

1.5 CONCEPTUAL FRAMEWORK
This study is framed within theonceptual framework of diagnostic efficacy. Fryback

and Thronbury (1991) originally established the diagnostic efficacy framework for medical
imaging studies. However, the authors of this framework have argued that the diagnostic
efficacy framework can ab be used in areas where diagnostic technologies are used (Fryback
& Thornbury, 1991). The ultimate goal of this framework as alluded by the authors is to ensure
that any diagnostic technology used in clinical practice is valid and reliable, costsveffecti

and can inform appropriate clinical decision. This framework was considered appropriate for
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this study because a new measure (or technology) (i.e., WAI) to identify early signs of middle
ear pathologies in adults living with HIV is explored.

The diagnostic efficacy is considered a -siered model, which addresses six
hierarchical levels. It is argued that any diagnostic measure that is proposed to be used in
clinical setting needs to be checked against these levels to ensure that it is efficade
first level of diagnostic efficacy is the technical efficacy that addresses the physical parameters
of the diagnostic measure. These parameters ensures that the proposed measure function
optimally without technical errors. In this level, all me&suof middle ear function such as
WAI and pure tone audiometry were checked regularly before use. Annual calibration was
conductedand daily biologic checks were perform@dfilber & Burkard, 20150 ensure
physical parameters of the equipment were no¥iding errors

The second level of the framework is referred to as the diagnostic accuracy efficacy.
The diagnostic accuracy efficacy is concerned with whether the diagnostic measure can
accurately identify pathologies. In this level, measures of clinitltly of measures such as
the sensitivity, specificity and predictive value are critical. While there have been various
studies that examined the clinical utility of WAI (Kaf, 2011; Shahnaz et al., 2009; Terzi et al.,
2015), there has been a deartlewtlence about the clinical utility of WAL in adults living with
HIV. Therefore, this level assssin determining if the WAI is a better measure in terms of
identifying middle ear pathologie@shencompared to other measures of miduleasures

The thirdlevel in the diagnostic efficacy is the diagnostic thinking efficacy. This level
determines whether the diagnostic results of the measure have any impact on the thinking of
the clinician. This level is often important for clinicians to determine how dgndstic results
may impact the patients. Level four of the diagnostic efficacy deals with therapeutic efficacy.
The therapeutic efficacy is concerned with whether the diagnostic results of the measure can

lead to a prescription of intervention if pathojogs identified or prevent the use any
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intervention if no pathology is identified. In this study, this aspect of diagnostic efficacy is
crucial to determine if WAI or/and combination of other middle ear measures can lead to early
intervention of middle egrathologies in adults living with HIV.

The fifth level of diagnostic efficacy deals with patient outcome efficacy. The patient
outcome efficacy looks to weigh the expected costs of the diagnostic measure against the
patient outcome (i.e., does it Improgaality of life?). This aspect of diagnostic efficacy is
important for this study as one of the goals was to determine if WAI can be used in clinical
practice to identify early signs of middle ear pathologies in adults living with HIV, inform early
intervention, prevent the potential logrm impacts associated with unidentified and
untreated middle ear pathologies (Kolo et al., 2012), and ultimately improve quality of life.
Finally, diagnostic efficacy framework deals with societal efficacy. The soa#taehcy is
concerned with whether the use of a diagnostic measure is efficient in such a way that it can
benefit the society. This is the level where policy makers make decision on whether to allocate
sufficient funding for the purchase of a diagnost&asure.

In summary, the diagnostic efficacy is an important framework that recognizes that any
diagnostic measure needs to be effective in such a way that it influences clinical decision
based on valid and reliable results and improve quality of Ideresourceconstrained
environments such as South Africa (Swanepoel & Clark9R@tith high prevalence of HIV
(UNAIDS, 2®0) and high levels of poverty (Mayosi & Benater, 2014), the need for a
diagnostic measure that has higher diagnostic efficacyctirmtimprove identification and
facilitate early intervention and reduce costs is important. Tympanometry with 226Hz does not
comply with all the levels of diagnostic efficacy framework because in spite its technical
efficacy, it suffers the diagnostic acaay efficacy (i.e., poor sensitivity and specificity) (Kaf,

2011; Sebothoma & Khozahangase, 2018; Shahnaz et al., 2009).
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In conjunction with diagnostic efficacy framework, early identification and intervention
has become an important model for audiglagsearch. This model allows researchers to
investigate effective methods to identify early signs of hearing loss in order to reduce their
long-term negative consequences (Mick & PichBrdler, 2016). Hearing screening
programmes such as the universatibern hearing screening, schdmsed hearing screening
(MahomedAsmail, et al., 2016), and adult hearing screening became the vehicles in which
early identification programmes are delivered. Therefore, the researcher found it valuable to
frame this reseah within the diagnostic efficacy and early identification and intervention
because they both converge towards a similar goal viz, using appropriate measures with high
sensitivity and specificity to identify early signs of auditory pathologies (e.g., enielall

pathologies), ensure that early intervention is implemented.

1.6 RESEARCH AIM
The primary aim of this study was to investigate middle ear function through wideband

absorbance measure in adults living with HIV.

1.7 RESEARCH OBJECTIVES
1 To review evidence in order to determine trends in middle ear pathologies in adults

living with HIV

1 To determine current practices employed by South African audiologists in identifying
middle ear pathologies

1 To determine the usefulness of using-4@lacice to identify middle ear pathologies
in adults living with HIV

1 To determine the usefulness of wideband absorbance measure in identifying middle

ear pathologies in adults living with HIV
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1 To determine the characteristics of wideband absorbaeesures in adults with and
without HIV

1 To determine the combined effects of HIV and comorbidities on hearing function.

1 To explore risk factors that influences the development of middle ear pathologies in

adults living with HIV

1.8 RESEARCH QUESTIONS
1 What evidence exists on middle ear pathologies in adults living with HIV?

1 What are the clinical practices of South African audiologists regarding acoustic
immittance measures?

1 Can telepractice be used to assess middle ear function of adults livingith
during Covid19 pandemic?

1 What is the sensitivity and specificity of wideband absorbance measure in adults
living with HIV?

1 What are the characteristics of wideband absorbance measure in adults living with
HIV?

1 Whatarethe combined effects of HI¥ind comorbidities on hearing function of adult
population?

1 What are the risk factors for hearing loss in adults living with HIV?

1.90VERVIEW OF THE RESEARCH METHODOLOGY

1.9.1Research design
This section provides an overview of the research methoglohad was used in this

study. Given that all manuscripts that form part of this thesis have detailed methodology
sections, those details will not be included in this section. However, only the relevant parts of

those methodologies are discussed here. dureent study adopted a quantitative cross
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sectional desigfLeedy & Ormrod, 2010)In order to investigate middle ear function of adults
living with HIV using wideband absorbance measure, HIV negative control group was included
who were matched on socehographic variables to determine if middle function differs
between groups, and whether HIV has an effect on middle ear functioning.

Quantitative researchllows the researcher to examine variables and relationship
between variables using numerical val(Babbie, 2021; Leedy & Ormrod, 2015; Nelson &
Gilbert, 2021) Creswell (2013) further reports that quantitative research allows the researcher
to examine the relationship between variables of interests. While quantitative research
approach was useful anldemed appropriate in this study, quantitative research removes the
human experience and perception about a particular problem (Irwin et al., 2014). Future studies
should incorporate the qualitative aspect in order to explore the experiences or/anibpsrcept
regarding wideband absorbance measures in adults living with HIV.

Before middle ear function of adults living with HIV was investigated using middle ear
measures, a systematic review of pestiewed papers was conducted to examine evidence of
the inpact ofHIV on middle ear function in adults living with HIV. This systematic review
provided important evidence about current trends on middle ear pathologies in adults living
with HIV. Lasserson et al. (2019) reports that systematic reviews providesatwes
contemporaryinformation that is relevant and of high qualitfacilitating appropriate
development of research questiofitis systematic reviewncluded the type of assessment
measuresused to assesmiddle ear functioni.e., whether middle ear mea® used wre
considered objective or subjective, prevalence rates, and nature of middle ear pathologies. This
review provided evidence that is crucial for practice wittém andhearinghealth andhas
implications for policy and future research (Munn et al., 2018).

Following the systematic review, which set the stage #rctirrenthesis, the current

study was also concerned with exploring the South African context and deteyrmow
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middle ear function is meared in various clinical settings. Findings from this consextping

study provided some valuable insight into the availability of middle ear measures, knowledge
of advanced middle ear measures (Shahnaz, 2021), the consistency to which middle ear
measuresire usedas well as valuable evidente provideto policy makers and stakeholder
about the need for prioritization and distribution of resources. A survey design, which form
part of the quantitative approach, was used to coflatafrom audiologistsvorking across

South Africa Variables of interests and their relationships were meaankedepicted through

using numeral values (Babbie, 2021; Leedy & Ormrod, 2015).

Given that this study was conducted duriihgcoronavirusdisease 2018COVID-19)
pardemic which disrupteénd limitedthe traditional facg¢o-face interaction, and exacerbated
an already strained heattiresystem (Mokhele et al, 202KhozaShangase et al., 20R5an
additional context related study was conducted. Part of this studyovaetermine whether
technological advancement, particularly the use of tele practice can be used in South Africa to
assess middle ear function during COVIB. In this quantitative crossectional design,
otorhinolaryngologists analysed a number of videascopic images using asynchronous tele
practice. Findings provided importagwidenceabout the use of technology in South Africa
during COVID-19. The study further provided policy makers and stakeholders with
contextually relevant information about theed for resources that would improaecess
infrastructure andllow for the implementation of technology for assessment of middle ear
pathologies in adults living with HIV.

Furthermore, a crossectionaldesignwas used to study the middle ear functafn
adults living with HIV using wideband absorbance measure. In particular, the sensitivity,
specificity and characteristics of wideband absorbance measure in adults living with HIV were
studied A cross sectional design allowed the researcher to cdégatat a single point or time,

rather than follow participants for an extended period of time (Babbie, 2021; Leedy & Ormrod,
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2015). Kumar (2011) argues that the crssstional desigapproachs useful in obtaining the
overall picture of the phenomenoeibg studied during the time of the study. Althougha
crosssectionaldesignallowed the researcher to generate important information about the
middle ear function of adults living with HIV using wideband absorbance measure, this design
does not allow tl research to measure a phenomenon over time (Babbie, 2021). In the current
study, the crossectional design limid the researchein determinng whether middle ear
function of adults living with HIV, based on wideband absorbance measure, changes or
fluctuates over time when compared with the HIV negative control group. Given tha adult
living with HIV may have slightly different physiological properties that affect middle ear
function, future studies that employ longitudinal studies are required.

Finally, when examining risk factors for hearing function in adults living with HIV, a quasi
experimental design, which forms part of a quantitative approach, was adopted. This design
allows the researcher to compare two groups without the use a randomezet control group
(Babbie, 2021). Findings suggested that certain risk factors and comorbidities increase the risk
of various typeof hearing loss in adults living with HIV. Therefore, a preventive appgoach

for adultsliving with HIV was indicated.

1.9.2 Research Context
This study was conducted at Helen Joséwademic Hospital in Johannesburg,

Gauteng Province, South Africhlelen JoseplAcademicHospital is an academic tertiary
hospital situated in Auckland Park Johannesburg. The hospital offers services to approximately
1 million population of lowincome population around Gauteng
(www.health.gpg.gov.za/hospitals/Pages/HelesepkHospital.aspx). The hospital offen

range of specialised services including Ear Nose and Throat (ENT), audiology, speech
language pathology and other health related services. The hospital forms part of the University
Academic Cluster Hospitals thi clinical training and researdbrming part of its scope of

function Therefore, the hospitalaschosen because it offers two important aspects of this
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research, namely, it houses the HIV clinic which was crucial for this study as participants living
with HIV were recruited, and it also has an audiology department which allowed the researcher
to run the basic audiological test battery in a controlled testing environment. Furthermore, since
this study primarily involved the assessment of middle ear |oafies, participants identified

with these pathologies would easily be referred to the ENT department for further medical

investigation and management within the hospital.

1.9.3 Participants and sampling strategy
A non-probability purposive sampling rategy was used to recruit and select participants.

Purposive sampling allows the researcher to carefully select participants who exhibit the
characteristics that are important and useful for the study (Leedy & Ormrod, 2013). In this
study, participants wdhwere diagnosed with HIV and those wivere HIV negative were
carefully selected and recruited to particip&articipants for théllV negative control group

were asked about their HIV status during information taking at the beginning of each testing
sesion, their hospital files were also reviewed to confirm their HIV status and to determine
additional medical informatioas these were not from the HIV cliniSeveral advantages of
purposive sampling are documented in the literature. Brink (1996) steiepurposive
sampling is a more convenient and cheap method to use than other sampling rrettibs.
study, HIV positive participants werecruited fronone of theHIV clinicsin a tertiary hospital

in Johannesburg, Gauteng provin&outhAfrica, while HIV negative control grougvere
recruited from theaudiology and ENT department in the same tertiary hospitahe HIV

clinic, the sister and doctors in charge were informed about the, sthdg the HODs of the
audiology and ENT weralsoinformedabout the studyn both departments, postexisout the
studywere placed on thelinic notice boarden waiting areas.Details of the researcher (e.g.

cell number) were provided on the poster in caspatientsor staff required additional

information about the studin the HIV clinic, a designated nurse was asked to inform patients
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about the ongoing study. Contact details of the researcher were provided to the, @ateents

administrative assistants were enyad for the recruitment of the control group

1.9.4 Inclusion and Exclusion criteria

This study comprised of two groups, namely, adults living with HIV (study group) and adults

who were HIV negative (control group).

1.9.4.1 Inclusion criteria for participants living with HIV
U Adults aged 18 years an above

U Adults diagnosed with HIV
U Both adults who were on ARVs and those who are ARV naive

U Participantavho agreel to sign the consent form

1.9.4.2 Inclusion criteria for participants whowere HIV negative (control
group)

U Adults aged 18 years and above
U Adults who were HIV negative

U Participantavho agreel to sign the consent form

1.9.4.3 Exclusion criteria for both groups
U Participants who presesd with otorrhea on the day of testimgere excluded (BSA,

2013; Hunter and Sanford, 2015)

U Participants with excessive impacted dry wax. Excessive dry wax may make it difficult
for the ENT specialists to analyse and make the diagnoses of the middle elagpgho
based on tympanic membrane images (Sebothoma & KBbaagase, 2018) from
videc-otoscopy. Furthermore, excessive wax can attenuate the level of stimulus
presented into the ear (Dhar & Hall, 2018).

Given the exploratory nature of the current stuchd the fact that limited published

research has been conducted on this topic in South Africa, the researcher was guided-by Khoza
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Shangase (2011) approach of adopting a position of having a sample that is as closely
representative of the general HIV/AIDS moation aspossible,while closely recording
medical histaes that could have had an influence on the results. This medical history was

obtained from both case history inteaws and from medical records.

1.9.5 Measures and material
U Self-developed abstraction form\gpendix A)

U Video otoscopy usingirefly Wireless DE550 and Aurica Otocam 300
U Tympanometry with 226Hz probe tonosing titan version 1.5 Interacoustics
U Wideband absorbance measure usitagn version 1.5 Interacoustics
U Pure tone audiometrgair and bone conduction) using Interacoustics AC 40
audiometer, with Sennheiser HA 200 suptaal headphones and Radio Ear@®
bone conductor
U Speech reception thresholds (SRT) using the South African Spondaic (SAS) word list
(Hanekomet al., 2015)
U Samsung and Lenovo laptops, both with Microsoft windows XP
U Otosuite and Otoaccess version 1.4 software installed into the Samsung laptop
U Infection control materials using Chlorhexidine gluconate, alcohol hand rub, and
alcohol swaps (Ehlert &aude, 2014)
1.9.6 Data collection procedure
Prior to commencing with data collection, the researcher obtained ethical clearance
(AppendixB) from the University of the Witwatersrt
(HREC) (Medical)(Protocol numberM160663) Permission to conduct the study was sought
from the research siteAppendix C) and was provided by the chief executive officer
(Appendix D) and theHead of Department (HOD) of audiology and speech language
pathology Appendix E) at Helen Joseplcademic Hbspital Once the ethical clearance

obtained and permissionsvegranted, recruitment of participants was done through a word
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of mouth and a flier/posteAppendix F) that was posted on the hospital walls within the
hospital. Participant diagnosed with HIV were recruited from the HIV clinic. Participants who
were HIV negative (control group) were recruited fromdhediology and ENT department

A designated nurse was asked to inform potential participants followiagadive HIV result.

From the audiology and ENT department, a perusal of the medical file was done to confirm the
negativeHIV testresults.To those who volunteered to participate in the study, the researcher
explained the purpose and nature of the stAdyinformation sheetXppendix G) that further
detailed the purpose and nature of the study was given to the participants. After participants
confirmed what the study entailed, a consent fokppéendix H) was provided to participants

who wished to partigateto sign.

Once patrticipants liksigned the consent form, the researcher perused the medgal file
to extract some of the medical information pertinent to the current study. Pertinent medical
information was recorded on the sd#veloped abstractioform. This seldeveloped
abstraction form used for the current study was developed based on existing research on middle
ear pathologies and HIV (Chandrasekhar et al., 2000; Khoza & Ross, 2002: 8terrgase,
2011; Van der Westhuizen et al., 2013). Therf has been expanded and piloted from the
current M™Mas e sudIeeothdnsm, 2018).

Once pertinent information was obtained both from the medical files and from the
participants, video otoscopy was conducted. Tiemsuravas used to exame the status of
the external auditory meatus (EAM) and the tympanic membrane (TM) (Martin & Clark, 2015).
Video otoscopic images were captured and saved onto the laptop in a folder opened specifically
for this purpose. Padipants whose external auditaneatus (EAM) were occluded with wax,
had their wax removed on the day by either one of the audiologists within the hospital.

However, if wax was found to be too dry and occluded and could not be removed on the day
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of testing,the participant was referretb the clinic for wax softening and removal and was
excluded from the study. Participants who presented with otorrhea on the day of testing were
immediately excluded from the study (BSA, 2013), but were referred to the
otorhinolaryngologist for medical magementAppendix 1).

For participants who did not have any occluding wax and/or otqrtyxeganometry
with 226Hz probe tone was conducted to determine the status of the middle ear (Hunters &
Shahnaz, 2(8). Appropriate nubs depending on the size ofgheer t i ci pant 6s EAM
to obtain a hermetic seal. Clinical parameters of the tympanometry with 226Hz probe tone
which include ear canal volume (ECV), static acoustic admittance and tympanometric peak
pressure (TPP) were used to describe and deterthengresence/absence of middle ear
pathologies (Hunter & Shahnaz, A)1The results obtained from tympanometry with 226Hz

probe tone were saved on the laptop, but also recorded on thesellbped abstraction form.

Wideband absorbance measure was then conducted after the tympanometry with 226Hz
probe tone. The same pmiised during tympanometry with 226Hz probe tone was used to
obtain wideband absorbance results. Wideband absorbance measure used click stimulus over a
wide frequency spectrum ranging from 226 Hz to 8000 Hz to determine the status of the middle
ear. The rsults obtained from the wideband absorbance measure were displayed graphically
on the laptop screen. These results were saved on the laptop using Otoaccess software (Terzi
et al., 2015).

Pure tone audiometry was ¢ o0 neanngdersitlvityt o de't
(Martin & Clark, 2015). Air conduction was conducted at the conventional octave frequencies
from 250Hz to 8000Hz. Inter or nyokctave frequencies were only conducted if there was a
20dB or greater between the adjacent octave frequefiiadgin & Clark, 2019. Bone

conduction was conducted at the octave frequencies from 250Hz to 4000Hz. For both air and
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bone conduction thresholds, a 10dB/5dB steps for descending and ascending was followed to
search for each pariicpant 6s hearing t hr danguagetbaing ( Amer i
Association [ASHA], 2005). Participants who presented with either CHL or mixed hearing loss
(MHL) or asymmetrical sensory/neural hearing loss (SNHL), a referral to medical management

was madeFor participants who presesd with symmetrical SNHL with no risk factors,
appropriate management in accordance with the hospital protocol was followed. This included
hearing aid evaluation. Speech reception threshold (SRT) was conducted to determine
particbant s6 | evel of hearing speech, and to con
& Humes, 2003). All participants were asked to repeaBtheh African SpondaiSAS) word

list (Hanekom et al., 2015)Results for both pure tones and SRT wereorded on the

audiogram but transferred tesalf-developed abstraction forfar research analysis purposes

Prior to conducting any audiological testsaily biologic calibrationof annually
calibrated equipmentas performed by theesearcher to ensure that all equipment funetion
optimally (Wilber & Burkard, 2015)Infection control was thoroughigdhered taluring the
study. Probe nubs, speguieadphorg and response buttons were thoroughly disinfected with
alcohol swaps beforand aftereachtestingsessionGiven that data was collected duritige
COVID-19 pandemic, additional infection contnwleasures aprescribed by théNational
Department oHealthwerealso followed. For example, participants were asked aboOwID-

19 related symptoms such as coughing, sore throat, breathing difficattiesith a recording

of their body temperature forming part of the standard screening meaBartsipants with

potential COVID19 related symptoms were immediately excluded frivm study. All
participantsd® hands were sanitised, chairs i
In addition, the researcher watlee N-95 mask, face shield (viser), and gloves all the time.

Participants were alsequiredto wear masks athe time as per regulations
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1.9.7 Data Management

All data were recorded into Microsoft Excel Spreadsheet as numeric values. Electronic
data veresaved on a passwoeptotected computer in a folder created for the purpose of the
study. The researchand the research supervisor were the only people with access to this
computer and password. The computer was kept in a secured place. Hard copies {e.g., self
devel oped abstraction form) were kept in the

has &cess to this data except the researcher and his supervisor

1.9.8 Asynchronous telgractice and blinding

Video otoscopic images that were captured and saved in the laptop, were later sent to
two otorhinolaryngologists using asynchronous tele practidbaodgSwanepoel, 2015). The
two otorhinolaryngologists were registered with the health professions council of South Africa
(HPCSA) and had over Ifeas of experience as practicing otorhinolaryngologists. Both
otorhinolaryngologists were workirig GautengProvince. One of the otorhinolaryngologists
works in a private healtbarefacility, while the other worksn both in private and public

healtlcarefacilities

The purpose and nature of the study was explained totdikinolaryngologistand
their roles in the studgescribedAn information shee®ppendix J) that detailed the purpose,
nature, and the role of otorhinolaryngologists during the study wasostr@m The primary
roles of the otorhinolaryngologists were to analyse, interprdtpake a determination of the
presence or absence of middle ear pathology videgotoscopic datéSebothoma & Khoza
Shangase, 2018). Each otorhinolaryngologist was provided with a recordingAopen(dix

K) to be used to record the results.
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While thetwo otorhinolaryngologists were provided with the video otoscopic images
to analyse, interpret and make a determination of the presence or absence of middle ear
pathologies, otorhinolaryngologists were blinded on the demographic characteristics (e.g., age
gender, etc and clinical information (e.g., HIV status) of the participants. The
otorhinolaryngologists only received the video otoscopic images and the recording form. The
average time taken by the otorhinolaryngologists to complete the analysis widéue

otoscopic images was 2 weeks.

Although inperson otomicroscopy remains the gold standard for identifying middle ear
pathologies (Biagioet al., 2013), and research continues to advocate for this method
(Sebothoma et al., 2021), the shortage of otorhinolaryngologists in LMICs (Fagan & Jacobs,
2009) makes this method difficult to achieve. While synchronousptalgice, where a
clinician @an be present during the assessment, has been found to be usefulSKéiogase
and Sebothoma (submitted) argue that this method is not feasible in a South African context

due to demand versus capacity challenges.

1.9.9 Data Analysis
Specific statistial analysis methods are detailed in each manuscript of this thesis. In

general, raw data evefirst converted into an excel spreadshé&efti¢e 365). This data ere
then converted into a STATAersion 15.2 softwardor analysis. Both descriptive and
inferential statistics wergerformedto understand andummarise the data. Descriptively,
measures of central tendencies such as snetandard deviatiawere usedAli & Bhaskar,
2016), with percentages, tabkesd figures to summarisand presenthe dataused In order to
determine an association between groups, inferential statistics sutdsasand chsquared

were used.
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1.9.10 Ethical consideratios

All procedures adhered to the relevant national sstitutional guidelines for
conducting research involving human subjeéi$ procedures followedverein accordance
with the World Medical Associations (WMA) Declaration of Helsinki (2013). The following
ethical principles wereadhered tothroughout thestudy namely: informed consent,

confidentiality, anonymity, autonomy, beneficence,-nwaeficence, and justice.

1.9.10.1 Informed consent

Participants were provided with an information sheet that details the purpose and nature
of the study. The informaih sheetvaswritten in simple language to ensure that participants
fully undersbod the nature of the study. Furthermore, the researcher verbally explained to the
participants what the study en&dl A consent form was then provided to participantsda si
prior to taking part in the study. In cases where the participants did not understand English but
speak any of the Sotho languages, the researcher was able to communicate the information to
the participant. For participants whooge any of the Nguni laguages, the researcher edi
designated nurse within the HIV clinic to translate the information about the study. For
participants who id not speak any of the South African languageslwhere no oneauld
effectively translate the information about the research, the person was excluded from the study

as informed consent could not be obtained.

1.9.10.2 Confidentiality and anonymity

The researcher is responsible for ensuring confidentiality and priviacgsearch
participants and the data obtained from them (Leedy & Ormrod, 2013). Confideniasity
ensured by not recording names of participants on the data collection forms. Codes (e.g., 0001)

were allocated to each participant. Furthermore, the reksearensured confidentiality by
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storing all the research data on a password protected spreadsheet and computer. Participants
were informed that participation is voluntary, and that tleseallowed to withdraw from the
study at any time during the studytiut any negative consequences.
1.9.10.3 Beneficence

Beneficence emphasizes the moral importance of doing well to others by minimizing
risks and harm and maximize the benefits (Polit & Beck, 2010). All participadierwenan
audiological test battery that is novasive and quick to complete. Particiamwhose
audiological resultswere abnormal (e.g., presenting with hearing loss) were managed
accordingly. In cases where participants presbnith middle ear pathologies, an appropriate
referral to a otorhinolaryngologist or attendirtpctor for middleear managememtasdone.
A referral to the audiology department for hearing aid evaluation was comgtated

participants whose results revealed hearingregsiring amplification

1.9.10.4 NoAmaleficence

The ethical principle of nemaleficence mass to do no harm to participants (Parahoo,
2006). In this study, all audiological measures that were used arivamive and were
conducted by the researcher who is also an experienced clinical audiologist. Therefore, no harm
to participantsvas inflicted Participants whaevereupset by a diagnosis of hearing loss were
counselled and referred for psychological services at the hospital, if required.
1.9.10.8Justice

The ethical principle of justice is synonymous with fairness and equity (Polit & Beck,
2012). The researcher is obliged to treat participants fairly and equitably during the study
without discriminatingagainst participants based on defining variables such as gender,

languageetc. The researcher ensured that participardsahaqual chance dking included
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in the study. The participants were provided with the same instructions and were tested using

the same protocals detailecdbove.

1.10 OUTLINE OF THE THESIS

Chapter 1: Introduction and Background
This chapter provides a brief overvi@iymiddle ear pathologies in adults living with

HIV. This includes an overview on prevalence of the middle ear pathologies in this population,
the importance of early detection and intervention of these, as well as theedongffects
associated with urgated middle ear pathologies in individuals affected. Furthermore, this
chapter outlines the problem statement, motivation for this study and provides rationale for the
study within the South African context. The aim, objectives, and research questiaiscar
presented in this chapter, with an overview of the methodology adopted also provided. Lastly,

an outline of all chaptsrin this thesis is presented.

Chapter 2: Literature review
Chapter 2 provides a comprehensive and a critical review of the literature, particularly

focusing on middle ear pathologies and assessment measures that are currently used for
assessment of middle ear function. These middle ear assessment measurassaegldisc

within the diagnostic efficacy framework.

Chapter 3: Paper I: Middle ear pathologies in adults living with HIV: A

systematic review
This chapter systematically reviews published research on current evidence reflecting trends

of middle ear pathologs in adults living with HIV.

Chapter 4: Paper Il: Acoustic immittance measures andaniddle ear

assessmentCurrent practice by South African audiologists
This chapter exploresontemporaryractices by South African audiologists regarding

various acostic immittance measurésr assessment of middle ear function
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Chapter 5: Paper Ill: The use of tele practice in assessment of middle ear

function in adults living with HIV during the COVID -19 pandemic
This chapter describes middle ear function in adults with HIV, through the application of

telepractice, as imposed by the COVIDP pandemic conditions.

Chapter 6: Paper IV: The sensitivity and specificity of wideband
absorbance measure in identifying pdtologic middle ears in adults living

with HIV
This chapter demonstrates the sensitivity and specificity of the wideband absorbance measure

in identifying middle ear pathologies in adults living with HIV. Comparative analysis of the
sensitivity and specifity of this measure to conventional tympanometry with 226 Hz probe

tone is presented.

Chapter 7: Paper V: Wideband absorbance measure in adults with and

without HIV
This chapter explores middle ear function characteristics of wideband absorbance ateasure

both ambient and tympanometric peak pressure (TPP) in adults livinglivtand

compareshesecharacteristics to those faHIV negative control group.

Chapter 8: Paper VI: Investigation of the interaction between hearing
function and comorbidities in adults living with Human Immunodeficiency

Virus
This chapter explores hearing and middle ear function in adults living with HIVhaird

interaction with comorbidities found in this populatidimese comorbidities include factors

such adypertension antlypercholesterolemia
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Chapter 9: Paper VII: An analysis of risk factors for hearing function in
adults living with Human Immunodeficiency Virus in Gauteng, South

Africa
This chapter explores risk factors that are associated with heasgm@ladults living with

HIV, including risk factors for middle ear pathologies.

Chapter 10: Synthesis of findings
This chapter integrates all the findings of the Chapters 3 to 9 and illustratéistiogs

reflected in these chaptersntribute to tk body of knowledge. This chapter also identifies
study design and methodological limitations that need to be taken into consideration when
interpreting study findings, and raises implications for theory, practice, and possible policy
formulation and implmentation in the field of audiology and preventive healthcare.

Recommendations for future research are pitegentedn this chapter.

1.11 Roles and Responsibilities
The PhD candidate expressed interest in the areadafie ear function and advanced

middle ear measures, particularly in adults living with HIV. The candidate, in consultation with
his supervisor, conceptualised the research project. The PhD candidate wrote the proposal and
submitted t o unme RekearchvEthicssGommgittes (HREC) (Medical). The
research supervisor sourced funding fromNhdSS, whichpart fundedhe current study.

Due to COVID19 outbreak and hard lockdown in South Africa that began on the 28
of March 2020, data collectidor this study only began in August 2020 and ended in October
2021 (atotal ofi4 months). Upon completion of datallection the candidate was responsible
for data management and cleaning. The candidate sought the otorhinolaryngologists who were
respondile for analysing the video otoscopic imagéhe candidate further sougitidance
for the statistical assistanoequired in this researcBecause of the significant contribution to

the research process, the candidate is the first author in all pulgatith hs supervisor

55| Page



being the second author. The supervisor provided supervision, guidance and critical feedback

on all the work produced by the candidate.
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CHAPTER TWO

MIDDLE EAR PATHOLOGIES AND MIDDLE EAR

ASSESSMENTMEASURES

This chapter provides an overview of middle ear pathologies and middle ear assessment
measures used to identify middle ear pathologies. These middle ear measures are examined in
the context of their diagnostic utility, particularly in LMICs, and in theltaglopulation

living with HIV.

2.1 INTRODUCTION
Middle ear system plays an important role in ensuring that the auditory signal reaches

the other auditory segments for processing and hearing. One important role of the middle ear
system is increasing thetensity and pressures in order to overcome the impedance mismatch
between the aifilled middle ear and fluid filled inner ear (Kramer & Brown, 2019). Structures

of the middle ear system, which include the tympanic membrane, ossicles, muscles, and the
Eudachian tube, all play a significant role in achievement the optimal function of the middle
ear system. However, if any of the structures within the middle ear system is affected by the
pathologies, this may affect the overall function of the middle estesy and thus cause

hearing loss (Stach & Ramachandran, 2022).

2.2 PREVALENCE OF MIDDLE EAR PATHOLOGIES
The World health organization (WHO) has reported that there are approximately 700

million people with middle ear pathologies worldwide, with 058%6 of them with a chronic
form of middle ear pathologies (WHO, 2018). While WHO has provided an estimated global

prevalence of middle ear pathologies, there are few studies that have reported the prevalence
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middle ear pathologies in various regions, idahg LMICs. Available studies on the
prevalence of middle ear pathologies are predominantly conducted on paediatric population

(Biagio et al., 2014; Mukara et al., 2017; Tapia & Schmidt, 2021).

Despite the limited literature of middle ear pathologieadnlt population, available
literature suggests that middle ear pathologies in adult population exist and may also be higher,
particularly in LMICs (Almutaira et al., 2017). In a study conducted by Ramma and Sebothoma
(2016) in Cape Town metropolitan ardhere were 3.4% of participants withtype B
tympanogram. A crossectional study conducted in primary health centres in Tshwane by
Louw and colleagues (2018) found the prevalence of hearing loss with conductive element to
be 5%. These findingsaise important implications for early identification and intervention.
Tshifularo and Joseph (2008) also reported 31 adult patients with clinically confirmed
otosclerosis.

The low prevalence rates of middle ear pathologies in South Africa can betatttibu
various factors. First, there is generally a dearth of poputatised studies in South Africa to
document the prevalence of middle ear pathologies. Secondly, studies that reported on the
prevalence of middle ear pathologies have used measuresdhass sensitive in identifying
middle ear pathologies such as tympanometry with single probe tone (Kaf, 2011). In addition,
in a study conducted by Ramma and Sebothoma (2016), only bilateral type B tympanogram,
which is often associated with an advahé&m of middle ear pathologies (Kramer & Brown,
2019) was reported. This limits the overall prevalence of middle ear pathologies in the
population studies. Finally, some researchers have not used tympanometry or any measure of

middle ear function (e.gL,ouw et al. 2018).
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2.3 RISK FACTORS FOR MIDDLE EAR PATHOLOGIES
Several risk factors associated with the development of middle ear pathologies have

been documented in the literature. A matelysis conducted by Zhang and colleagues (2014)
reported thiaallergies, upper respiratory tract infection (URTI), seebadd smoking and low

social status were associated with the development of middle ear pathologies. Mukara and
colleagues (2017) conducted a study in children who presented with middle eaogiatol
Findings revealed that children who live in rural areas, primary or lower educational level and
seconehand smoking were associated with the development of middle ear pathologies.

Some research has demonstrated that medical conditions thatredfechiune system
increase the risk of middle ear pathologies. For example, several studies indicate that HIV
increase the risk of middle ear pathologies, with prevalence of middle ear pathologies reaching
approximately 50% (Khoza & Ross, 20khozaShangae & Anastasiou, 2020; Sebothoma
& KhozaShangase, 2020; Van der Westhuisen et al., 2013; Tshifularo et al., 2013). A study
conducted by Hlayisi and colleagues (2019) revealed that 26% of adults with diabetes also
present with hearing loss with a condueti@lement, indicating the presence of middle ear
pathologies.

Traumatic events that occur at the region of the head and neck are also associated with
middle ear pathologies. Mantokoudis and colleagues (2021) reported that patients with head
and neck traumaere likely to have ossicular dislocation. Given that in countries such as South
Africa there are many people who work environments such as mines that put them at a greater
risk of head injury, there is a need for audiologists and other hearing hedéthspoals to
implement preventive programs in such environments. Furthermore, the risks associated with
medical conditions such as HIV and diabetes are also concerning because these conditions have
high prevalence in LMICs (Statistics South Africa, 20B9 are also linked with the burden

of diseases (Khoz8hangase, 2020).
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2.4 MIDDLE EAR ASSESSMENT MEASURES
Middle ear assessment measures play a significant role in the identification of middle

ear pathologies (Martin & Clark, 2019). Middle ear pathas are amongst the few auditory
pathologies that, if identified early, can be successfully treated with medical intervention
(Rosafield et al., 2016). While it is crucial to use a middle ear measure that has high diagnostic
accuracy (Sebothoma et al.021), it appears that the use of a middle ear measure or
combination of measures depends on the affordability and availability of a particular measure
(Emanuel et al., 2012). In the survey conducted by Sebothoma and-Bhamgase (2021),
South African adiologists were found to predominantly use tympanometry with single probe
tone (226Hz) because of its availability.

However, the use of middle ear measures that are affordable and available may not
satisfy the diagnostic accuracy. Some of these middimeasures have poor sensitivity and
specificity (Sebothoma et al., 2021), compromising early identification and intervention. There
are other middle ear measures that have high diagnostic efficacy. However, these measures
may not be accessible to many pko particularly in LMICs because of their operational
challenges. For example, middle ear measures with high diagnostic accuracy are often used in
tertiary or academic hospitals or in private practices by specialists. Therefore, while these
middle ear masures are important for early identification of middle ear and can prevent the
long-term impacts of middle ear pathologies, their operational challenges may hinder the
achievement of early identification. All these middle ear measures are discussédilin de
below within the diagnostic efficacy framework and in relation with adults living with HIV.

The middle ear measures can be subdivided by how they are conducted, namely,
objective and subjective measures. Objective middle ear measures are thogsesrteasu
provides automatic results and do not require any response from the patient (Stach &
Ramachadran, 2022). These measures include acoustic immittance measure such as
tympanometry, acoustic reflex thresholds (ART) and acoustic reflex decay. Otd@acoust
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emittances (OAES) such as the distortion product otoacoustic emittance (DPOAE) and transient
evoked otoacoustic emittance (TEOAE) can also be classified within the objective measures

for middle ear function. Subjective measures of middle ear functimivie tests that require

a clinician to 6subjectivelyd make a det er mi
pathologies. These middle ear measures are also referred to as clinical examination techniques
and include tests such as video otos¢gmyeumatic otoscopy, and otomicroscopy. These
measures are primarily used by physicians such as otorhinolaryngologists and general
practitioners (GPs) to make a determination of the presence and absence of middle ear

pathologies (Biagio et al., 2013; S¢fhhoma & KhozaShangase, 2018).

2.4.1 OBJECTIVE ASSESSMENT MEASURES

2.4.1.1 Acoustic immittance measure
Acoustic immittance measure is an umbrella term that refers to a number of middle ear

measures, which include tympanometry, ART, and ARD. Acoustitttance measures assess

middle ear function by evaluating the mobility of the tympanic membrane. These measures are
conducted by sending pressure into the external auditory meatus (EAM). This pressure then
struck the tympanic membrane and cause it vibRépending on the type of measure being

used, some tests may assess the amount of pressure absorbed by the middle ear system, while

the other tests may measure the amount of pressure reflected back into the EAM.

2.4.1.1.1 Tympanometry
Tympanometry, especially tympanometry with single probe tone such as 226Hz, is

probably the most routinely used measure of acoustic immittance since it was first developed
and introduced into clinical setting approximately four decades ago. This measwaiately
attracted hearing health professionals and it was used widely in clinical settiagéEet al.,

2012). The widespread use of this measure emanates from the fact that it is relatively easy to
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use and interpret results. In countries where theran extreme demand versus supply
challenge such as South Africa, the use of tympanometry has been helpful, with its introduction
to various clinical settings such as schools based, community (Ramma & Sebothoma, 2016),
and neonatal clinics. This allowssmircecontained environments to expand their service and
increase services.

Similar to other acoustic immittance measures, tympanometric results are obtained by
using a probe nub that is placed at the entrance of the EAM and obtain a hermetic seal, send
sound pressure that struck the tympanic membrane and cause it to vibrate. It is this vibration
(or mobility) of the tympanic membrane that provides a wealth of information about the
presence or absence of middle ear pathologies. The presence or absemdele®fear
pathologies is determined by the use of several clinical parameters. These parameters include
ear canal volume (ECV), compliance, pressure (daPa) and width. These clinical parameters are
used to establish the type of tympanograms that providesriation about the present (e.g.,
type B) or absent (type A) of middle ear pathologies.

While research on adults living with HIV, specifically reporting on the middle ear
function, has predominantly used tympanometry (Khoza & Ross, 2002; Van der \&@sthui
et al., 2013), studies have indicated that these measures are not sensitive to identify middle ear
pathologies (Kaf, 2011; Hunter et al., 2017; Sebothoma et al., 2021). Given the extensive
discussion above, that indicated that the sesqu#Imiddle ea pathologies may be costly and
affect the quality of life of those affected, tympanometry with single probe tone may not

necessarily be helpful in the context such as South Africa.

2.4.1.1.2 Acoustic reflex thresholds (ART)
Acoustic reflex threshold (ART) is another type of acoustic immittance measure that

has been used in clinical setting. The results of the ART are obtained the same way as other

acoustic immittance measures are obtained, with a probe nub (Martin & Clag), RPhlike
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tympanometry, ART is measured with multiple pure tongifferent frequencies. In principle,

ART measurs the contraction of the middle ear muscles in response to sounds (Martin &
Clark, 2019). These contractions prevent the loud gddwom damaging the cochlea (Feeney

& Schairer, 2015). Although ART is a measure of middle ear muscles, this measure also
provides information about the presence of hearing loss, provide a differential diagnosis of the
middle ear, cochlea and retrocochlpathologies, and can also be used as a-ctossk for

the behavioural assessment (Feeney & Schairer, 2015; Kreisman et al., 2015).

Research has indicated that ART is not frequently included in the audiological test
battery by hearing health professiaal survey conducted by Sebothoma and Khoza
Shangase (2021) showed that audiologists in South Africa tatways include ART in their
audiological test battery. Part of the reason ART is not always included in the audiological test
battery is that egpment used by audiologists do not provide ART measure, while some do not
have the time to complete this measure (Sebothoma & K8baagase, 2021). The lack of
inclusion of ART in the audiological test battery has implications for identification of audito

pathologies.

Although research has indicated that ART is significantly correlated (p=0.033) with the
compliance of tympanometry (Causon et al., 2020), there is limited research on the sensitivity
and specificity of ART in identifying middle ear pathgies. There is also a dearth of evidence
on ART in adults living with HIV. Studies on adults living with HIV only reported the
tympanometric results, with no indication of the ART. Part of the reason for the lack of
information ART may the lack of diagnasiefficacy of the measure with regards to middle
ear pathologies. Perhaps future studies may need to determine the diagnostic efficacy of ART

for middle ear pathologies.
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2.4.1.2 Otoacoustic Emission (OAES)
OAEs are originally designed to measure thectioning of the cochlea, specifically

the outer hair cells (OHC) (Dhar & Hall, 2018). OAEs are measured by the use of probe nub
coupled with a microphone, which is placed at the entrance of the EAM to obtain a hermetic
seal. Sound signal is presented itite ear and an echo from the OHC is measured by a
microphone that is placed in the EAM. OAE measures have been useful in many ways in
clinical practice, but most importantly in screening neonatal/infant hearing (Bezuidenhout et
al., 2021), ototoxic monittng programs (Khoz&hangase & Masondo, 2020), and in
diagnostic audiological assessment (Hood, 2015). In all these practices, OAEs are intended to

establish the functioning of the cochlea and estimated the hearing sensitivity.

While OAEs have been desigd to specifically measure the functioning of the cochlea,
research has shown that OAEs are affected by the presence of middle ear pathologies (Kramer
& Brown, 2019; Lehman et al., 2008). A study conducted by Balatsouraebeague$2012)
in children with bilateral otitis media using transient evoked otoacoustic emission (TEOAE)
found that children with otitis media had reduced or absent TEOAES. These findings suggested
that middle ear pathologies have effect on OAES. As a resdtse hearing screening
programs include OAEs to rule out the presence of middle ear pathologies.

While the use of OAEs may be helpful in identifying middle ear pathologies, there is
limited research on the sensitivity and specificity of OAEs in identifymiddle ear
pathologies. Available research indicates that the sensitivity and specificity of TEOAE was
lower compared with tympanometry (Balatsouras et al., 2012). Given that OAEs have
significantly lower sensitivity and specificity than tympanometry aihalso has lower

sensitivity, this is concerning and may not satisfy the diagnostic efficacy of patients living HIV.
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2.4.2 Clinical examination measures
Clinical examinations are middle ear measures that require a qualified physician to

subjectively mie a determination of the presence or absence of middle ear pathologies by
analysing and interpreting the anatomical changes within the middle ear system. In most cases,
clinical examinations are regarded ddlessart he 0
pathologies (Biagio et al., 2013; Lundberg et al., 2014; Sebothoma & {St@agase, 2021).

Some of the commonly used clinical examination techniques include video otoscopy,

pneumatic otoscopy and otomicroscopy.

2.4.2.1 Video otoscopy
Video otscopy is one of the measures of middle ear function that is based primarily on

the subjective judgment of the clinicians. Video otoscopy is used to measure middle ear
function by channelling light into the EAM and tympanic membrane. Unlike the ordinary
otoscopy, video otoscopy produces clearer images or video clips of the EAM and tympanic
membrane (Myburgh et al., 2016). This clearer images or video clips allow the physicians to
make a determination of the presence or absence of middle ear pathologieghdai and
colleagues (1999) reported that middle ear pathologies based on video otoscopic examination
is determined by the analysing the structural changes and colour of the tympanic membrane.
A study conducted by Biagio and colleagues (2013) in Sédfitica in peadiatric
population, has indicated that video otoscopic results has a good agreement with
otomicroscopy. Given that video otoscopic results can have similar outcomes with the current
gold standard, namely, otomicroscopy, further research araducted to determine whether
otorhinolaryngologists can have similar findings on video otoscopy. Sebothoma and Khoza
Shangase (2018) and Sebothoma and colleagues (2021) found a good agreement between the

diagnoses made between the two otorhinolaryngdkgihese findings suggest that in
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LMICs, where there is an extremely shortage of otorhinolaryngologists (Mulwafu et al., 2017),

video otoscopy can be used.

The sensitivity and specificity of video otoscopy in identifying middle ear pathologies
was also stablished. Sebothoma and Khezhangase (2018) found that video otosocpy
identified more middle ear pathologies (11%) than the conventional tympanometry with single
probe tone (8%). Biagio and colleagues (2014) found the sensitivity of video otoscopy in
identifying middle ear pathologies to be 80% and 91%, while the specificity was reported to
be 85% and 89%. These findings indicate that video otoscopy can be used in adults living with
HIV to identify early signs of middle ear pathologies. However, thgndiaes of middle ear
pathologies using video otoscopy are still limited. These diagnoses are still exclusively
conducted by qualified physicians such as otorhinolaryngologists and general practitioners
(Biagio et al., 2013; Lundberg et al., 2017). Avaitat#search indicates that audiologists and
otorhinolaryngologists may have similar diagnoses when using video otoscopy (Alenezi et al.,
2021). However, this study was based in Austria and only compared one audiologist against an
otorhinolaryngologist. Ina@untries such as South Africa where the context is different, there is
a need for studies to establish the diagnostic agreement between otorhinolaryngologists and
audiologists working in different clinical settings.

Despite the limited research on whethardiologists can use video otoscopy to
diagnose middle ear pathologies, there are additional benefits of using video otoscopy. Video
otoscopy can be used within the thkalth framework, specifically asynchronous tele
audiology (Swanepoel, 2015). This ams, despite the limited number of
otorhinolaryngologists, video otoscopic images or clips can be captured by facilitators or non
specialists, stored, and sent for analysis and interpretation (Biaogio et al., 2013; Biagio et al.,

2014; Sebothoma & Khozahangase, 2018; Sebothoma et al., 2021). Some research has
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indicated that vide otoscopic images can be captured and sent to a cloud, which are then

analysed and interpreted immediately (Mybugh et al., 2016).

2.4.2.2 Pneumatic otoscopy
Pneumaticotoscopy is another clinical examination measure that is used primarily my

physicians to determine the presence or absence of middle ear pathologies. This measure
involves the use of a bulb and air that is pumped into the EAM to cause the tympanic membrane

to vibrate (Ponka & Baddar, 2013). As the air causes the tympanic membrane to vibrate, the
physiciands role is to determine if the ty
determination of the presence or absence of middle ear pathologies. Normad eaddl

function is determined by the normal mobility of the tympanic membrane, while the presence

of middle ear pathologies is determined by the lack of mobility (or stiffness) of the tympanic
membrane.

Research has indicated that the sensitivity and fsggcof pneumatic otoscopy is high
in identifying middle ear pathologies. Lee and Yeo (2004) found the sensitivity of pneumatic
otoscopy to be 97.2%, with low specificity of 38%. Dawood (2013) found similar sensitivity
(96.8%) of pneumatic otoscopy ineiatifying otitis media with effusion, but the specificity in
this study was relatively higher (85.7%). The author argued that pneumatic otoscopy can be
used when tympanometry is unavailable.

While pneumatic otoscopy is useful in identifying middle eanqlagies, research has
indicated that this measure is only sensitive to otitis media with effusion (Dawood et al., 2020).
The measure relies on the impaired mobility of the tympanic membrane. This is concerning
given that some middle ear pathologies doremiessarily impair the mobility of the tympanic
membrane (Sebothoma & Khe&hangase, 2018). Secondly, pneumatic otoscopy can only be
used by trained physicians. In a study conducted by Abbott and colleagues (2014) comparing

the use of nopneumatic otosupy, tympanometry and pneumatic otosocopy, general
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pratictioners considered pneumatic otoscopy to be difficult to use and requiring training and
experiences. Therefore, the use of pneumatic otoscopy may not be suitable for a South African

context as it daenot satisfy the diagnostic efficacy framework

2.4.2.3 Otomicroscopy
Otomicroscopy is considered a gold standard for assessing the functioning of the middle

ear. In studies that measured the diagnostic efficacy of various middle ear measures,
otomicroscpy was often used as a gold standard against which other middle ear measures are
tested (Biagio et al., 2013; Biagio et al., 2014; Lundberg et al., 2014). Otomicroscopic
examination technique involves the use of binocular microscope. The purpose of this
microscope is primarily to magnify and make clearer the images; particularly the tympanic
membrane images (Biagio et al., 2014). doerg and colleagues (2014) reported that the
magnification quality of the otomicroscopy allows the physicians to examintgyri@anic
membrane in depth and therefore make an informed decision about the presence or absence of
middle ear pathologies.

The diagnostic accuracy of otomicroscopy has been established in the literature. Lee
and Yeo (2004) compared the three measuresidélle ear function, namely, pneumatic
otoscopy, tympanometry and otomicroscopy in identifying otitis media with effusion. Findings
on the study indicated that the sensitivity of otomicrospy was 100%, while the sensitivity was
61.5%. Young and colleagu¢2009) also found a relatively higher sensitivity (94.4%) and
specificity (93.8%). While otomicroscopy appears to have higher sensitivity and specificity in
identifying middle ear pathologies and can also identify early signs of middle ear pathologies
(Biagio et al., 2014), this measure is not used frequently, particularly byspemmalist
professionals such as general practitioners d@aihet al., 2019). Furthermore, the use of

otomicroscopy is not within the scope of audiologists, which limits itisyutil clinical settings.
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This is because otomicroscopy requires specialised skills, which are mainly possessed by

otorhinolaryngologists (Lunberg et al., 2014).

2.4.3 Multifrequency, multicomponent tympanometry
Given that tympanometry with single jpp@tone (e.g., 226Hz) was shown to have lower

sensitivity and specificity in identifying middle ear pathologies (Sebothoma & Khoza
Shangase, 2018), tympanometry with multiple frequencies were developed to address the
limitations of tympanometry with singf@obe tone. There are two types of tympanometry that
were designed to assess middle ear function on a wide range of frequencies. These include
multifrequency, multicomponent tympanometry (MFT) and WAI (Hunter & Shahnaz, 2013).
The specific components didse measures are discussed below.

Similar to the conventional tympanometry with single probe tones, tympanometry with
wide range of frequencies is measured by inserting a probe nub in the EAM to obtain a hermitic
seal and sending pressure into the éamfer & Shahnaz, 2013). However, tympanometry
with wide range of frequency assesses middle ear function on a wide range of frequencies. For
example, multifrequency and multicomponent tympanometry assess middle ear function across
the frequency range of @blz to 2000Hz (Margolis & Goycoolea, 1993); while WAI can
measure middle ear function across the frequency range of 226Hz to 11000Hz, but commonly
reduced to 226Hz to 8000Hz (Sebothoma et al., 2021).

An additional benefit of using tympanometry with widege of frequency is the ability
to measure the resonant frequency of the middle ear (Margolis & Goycoolea, 1993; Shahnaz,
2008). Shahnaz and Polka (1997) reported that resonant frequency is where the stiff and mass
of the middle ear system are balanced the phase angle of the admittance at is zero. This
ability of middle ear measure to assess the resonant frequency improves the diagnostic efficacy
of the measures, especially for pathologies that do not severely affect the mobility of the

tympanic memlane. Several studies have been conducted using tympanometry with wide
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range of frequencies (lacovou et al., 2013; Sebothoma et al., 2021; Shahnaz & Polka, 1997).
These studies have indicated that tympanometry with wide range of frequencies is able to
idenify various middle ear pathologies compared with tympanometry with single probe tone.
Another clinical parameter that is useful and can be found in tympanometry with wide
range of frequency is the frequency that is corresponding with the immittanceapheséds.
This clinical parameter is often found in multifrequency, multicomponent tympanometry.
Shahnaz and Polka (1997) found this clinical parameter to increase the diagnostic efficacy
multifrequency, multicomponent tympanometry, especially in patignts otosclerosis.
Despite the diagnostic efficacy of tympanometry such as multifrequency, multicomponent
tympanometry, this kind of measure hdoand to be underusedfianuel et al., 2012) or not
used at all (Sebothoma & Khe&hangase, 2021¢ompared withtympanomely with single

probe tonePart of the reason is the lack of equipment and training.

2.4.4 Wideband acoustic immittance
WAL appears to be the preferred measure in the literature for identifying early signs of

middle ear patholgies.WAI is an umbrella term that refers to two types of measures, namely,
absorbance and reflectance (Feeney et al.,, 2013). These two measures represent how the
measurement is conducted. Wideband absorbance measure represents the amount of sound
energyabsorbed by the middle ear system; while wideband reflectance measure represents the
amount of sound energy reflected back into the middle ear system (Hunter & Sanford, 2015).
Both of these tests can be measured through pressurization or through areksmeg(Liu et
al., 2008).

WAI is a technique to effectively and efficiently measure the mechanastic
properties of the middle ear systdidunter & Shahnaz, 2@). Unlike the conventional
tympanometry with single probe tone, WAI transmits broadbamaikis such as click or chirp

that is assessed over a wide range of frequencies (e.g., 200 to 10080kEY & Shahnaz,
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2013; Keefe et al., 1992). Furthermore, Hunter and Sanford (2015) reported that WAI is
independent of the location of the nub. WAhwvercome the effects of the standing waves in
the EAM, which often limit the measurements at frequencies higher than 1.5 kHz (Allen et al.,
2015; Margolis et al., 1999).

The nterpretatiorof WAI

WAI provides a comprehensive information about the meclaoastic properties of the
middle earsystem anadtan be measured at both ambient and atmospheric pr¢sisunter &
Shahnaz, 2013yidebandAbsorbances represented graphicaiynd changes as a function of
frequency (Hunter & Sanford, 2018)/hile the frequency ranges from 220Hz to 800(kiz

axis), absorbancealues(y-axis) rangefrom 1, indicating that all sound energy has been
absorbed by the systenvhile O indicaesthat little or no sound enerdyas been absorbed
(reflected).Therefore, thanformationgeneratedrom the WAI measuranclude the amount of
sound emrgy absorbed resonance frequencyand wideband averagéShanaz, 2021).
Additional informatiorthat can be obtained from WAI include measutimgmagnitude of the
propagategound pressure arble phaseangle(Shahnaz, 2021 he characteristics aVAI
results in different population isstiussed below, while the performance of WAdaseredn
chapter4 (The sensitivity and specificity of wideband absorbance measure in identifying

pathobgic middle ears in adults living with HIV).

2.4.4.1 Characteristics of WAI
The characteristics of WAI have been established in individuals with normal middle

ear function and those with middle ear pathologies. For example, Margolis and colleagues
(1999) studied 20 adults aged 20 to 53 years with normal middle ear function ickhgrd
refl ectance (WBR). Refl ectance was high in |

reached minima at 1.2 and 3.5 KHz with an invert tympanogram, and increased at 8 KHz with
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flattened tympanogram. This pattern of energy reflectance was alsdefy Ibraheem
(2014).

Sun (2016) studied the middle ear function of 95 adults aged 18 to 35 years using energy
absorbance. The energy absorbance displayed a progressing, rising slope for low to middle
frequencies, with a peak at 4000Hz. The peak aDH@G0s followed by a sharp, falling slope
for high frequencies, and rising slightly to 8000Hz. Figure 1 below depicts the normal pattern
of adults with normal middle ear function. Feeney and colleagues (2016) provided the specific
absorbance values acrdssquencies. For example, in their study of 30 adults aged 19 to 46
years of age using WBA; absorbance was 0.1 at 0.25kHz, increasing to a maximum of 1.0 at
1.4KHz, decreasing slightly at frequencies around 2KHz, and dropping to 0.4 around 8KHz
and belowAlthough the normative values for different age groups may differ on WBA due to
maturational effect (Feeney & Sanford, 2004), the pattern of WBA in young and older adults
appear to be similar with the adult normative values (Polat et al., 2015).

The norméve values have been found to vary significantly depending on the age,
gender, race, and instrumentation used (Shahnaz et al., 2013). In a study of 40 young adults
aged between 20 and 38 years and in older adults aged between 42 to 64 years, Mazlan and
cdleagues (2015) reported that young adults presented with higher mean energy absorbance in
frequencies from 2240Hz to 5040Hz than older adults. The same study found that women had
significantly lower energy absorbance in frequencies between 280Hz to TB8kianale
counterparts. Beers and colleagues (2010) found a significant difference between Caucasian
and Chinese populations. They found that energy reflectance of the Caucasian group was
higher than the Chinese group in frequencies ranging from 20006006Hz.

The characteristics of WAI have also been studied in individuals with middle ear
pathologies. Shahnaz and colleagues (2009) have studied and compared the WBR of 15 adults

(aged 24 to 56 years) with surgically confirmed otosclerosis in 62 adudtd P2gto 32 years)
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with normal middle ear function and hearing. Findings revealed a significant difference
between the means of surgically confirmed otosclerosis and normal control group in
frequencies ranging from 211Hz to 6000Hz. Keefe and colleagud)(2@mpared the
wideband absorbance of individuals with normal control group with individuals with
confirmed conductive hearing loss (CHL) using an ABG criterion. Absorbance pattern of
individuals with confirmed CHL was lower in frequencies above 0.7 Bbfmpared with the
normal control group. Terzi and colleagues (2015) found that the WBA of individuals with
confirmed otitis media with effusion (OME) was lower across frequencies ranging from 225Hz
to 8000Hz.

Although the discussion above indicatbattWAI has high accuracy in identifying
middle ear pathologies, the use of WAI is not yet widespread in clinical practice, particularly
in LMICs, mostly due to lack of equipment, training, and data on WAI (Sebothoma & Khoza
Shangase, 2021). Therefore,rthes a need for studies to determine the characteristics of WAI

in adults living with HIV.
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CHAPTER THREE

MIDDLE EAR PATHOLOGIES IN ADULTS LIVING WITH

HUMAN IMMUNODEFICIENCY VIRUS: A SYSTEMATIC

REVIEW

(Reprinted with permissigrippendix N

3.1 Abstract

Introduction: Middle ear pathologies have been linked with HIV. The onset and development
of these pathologies in individuals with HIV have not been categorized; and clarity has not
been gained regarding whether their presentation is any differehtsipapulation when

compared to HIV negative control group.

Purpose: The aim of this study was to exploaed document published evidence reflecting

trends in middle ear pathologies in adults living with HIV.

Methods: A systematic review of literature from January 1982 to December 2018 was
conducted using Medline, CINAHL, PubMed, and Psych Info. Studies that reported the
occurrence rate of middle ear pathologies in adults with HIV and published in English were

included

Results: Twelve articles met the inclusion criteria. Evidence suggests that the reported

occurrence rates of middle ear pathologies ranges from 2.5% to 58% in this population. The
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variability in assessment measures as well as the differepffauriteria used in studies seem

to have an influence in the findings, with pure tone audiometry identifying more middle ear
pathologies in the current review than tympanometry with 226 Hz probe tone and clinical
examination. Otitis media, conductive hearing l@sy] type B tympanogram were common
findings reported in this study. No evidence of an association between the use of antiretroviral

therapy (ART) and the rates of middle ear pathologies was found.

Conclusion: Although there are very few studies that hesfgorted on middle ear pathologies

in adults living with HIV, the available studies have sufficiently established a link between
HIV and middle ear disease in this population, and have revealed that the rate of occurrence is
influenced by a number of fams. Key amongst these is the type of assessment measure used.
Careful analysis of middle ear pathologies in this population through well controlled research
designs that include different assessment measures. The use-cbmtskand longitudinal
desigis to determine differences between groups and to establish the time of onset and

development of middle ear pathologies is required.

Keywords: adults, HIV, middle ear disorders, systematic review
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3.2 Introduction
The humanmmunodeficiency virus (HIV) continues to increase globally with over

1.8 million new i n¥SabSaharanrceuntriegrenmain the mdostiaffected 0 1 7 .
regions in the world, accounting for approximately 70% of the pandeBiiatistics South
Africa (SSA) reports that the prevalence of
that has quadrupled \eh compared to prevalence reported in 20@ven this constant
increase, there are continued global efforts and initiatives to combat HIV, including the use of
antiretroviral therapy (ARTJ.With the availability and provision of ART in South African

stae health facilities since the first quarter of 2004; significant progress has been seen in the
achievement of sustaining lives of the infected. Furthermore, South Africa forms part of the
laudable setting of UNAIDS 90:90:90 by 2030 targets which shovear ¢ébcused strategy
efficient management of this disedsEhese factors have a clear goal of sustaining life and
preventing and/or eliminating the spread of the disease. Kbbaagaseargues that as part

of the rehabilitation team, it is important traatdiologists constantly insert the importance of

also focusing on thquality of the life that is sustained by highly active ART (HAART) in the
clinical management strategy of this population. The additional focus on quality of life would
include ear he#h, hearing and balance function as part of the sensory disabilities that may be
experienced by people living with HIV/ AIDSand for the intention of this paper, middle ear

disease.

A growing body of research has indicated that ART inhibits one of thgress that is
necessary for the replication of HAlpwers the viral load, and improves the immune system.
® Reports show that ART significantly reduces the number of deaths associated with HIV and

improves life expectancy® Despite these advancementsccurrence of middle ear
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pathologies seems to persist in individuals living with K2 Disorders of the auditory and

vestibular system, including otitis media, are often associated with HIV/AIESS.

There has been increasing evidence that sugthedtsllV increases the risk of middle
ear pathologies by causing the CD4 cell count to decline in the body and thus incapacitating
the immune systeri?,allowing the viruses and bacteria to enter the middle ear system causing
middle ear disorder.Severalstudies have reported that otitis media with effusion (OME),
serous otitis media (SOM), retracted tympanic membrane (TM) and perforated TM occur in

adults with HIV?>®®and t his has an influence in patier

Considerable literatureals indicated that if middle ear pathologies are not detected and
treated early, transient conductive hearing loss (CHL) may dgdmolonged presence of
untreated middle ear pathologies can cause further damage such as permanent sensori/neural
hearing I@s (SNHL)?° auditory processing difficultie®,and life threatening conditions such
as meningiti$? Consequently, these conditions can cause communication difficulties and
compromised quality of lifé>?* Therefore, early detection and treatment of dteédear
disorders is crucial in order to prevent the listed sequelae. This early detection relies on the use

of sensitive assessment measures and availability of ear and hearing care professionals.

A number of assessment measures are used to determipeeseace or absence of
middle ear pathologies in adults living with HIV. These measures can be divided into subjective
(clinical examination techniques) and objective measures. Subjective tests are mainly used by
otolaryngologists and have been reportedaee higher sensitivity and specificity in detecting
the presence or absence of middle ear disof@ét€n the other hand, the objective measures
such as the acoustic immittance measure are used primarily by audiologists. The latter
measures are widelysed because they are simple, quick to administer, cost effective, and time

efficient?”2° Pure tone audiometry using air bone gap (ABG) as an indicator for middle ear
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disorder is also used. The use of an appropriate measure for early detection th&epmext

of high risk for middle ear disease, as is the case in the HIV population.

In light of the high prevalence of HIV globally, as well as the established link between
HIV and middle ear pathologies; the current study aimed to explore and doctimemgh a
systematic review, published evidence reflecting trends in middle ear pathologies in adults
living with HIV.

3.3 Methods
Search Strategy

A comprehensive search of papers that have reported on middle ear pathologies in
adults living with HIV was conducted. A compuided search of online journal databases,
including Medline, CINAHL, PubMed, Psych Info, and Google Scholar was undertaken. Th
followingkeywor ds wer e used AHIV OR ldidevssORIMO@Be A ND
ear pathologies OR middle ear infection OR Otitis media OR auditory disorders OR hearing
loss OR hearing impairment OR deafness OR otologic disorders OR Otolaryngology OR

tympanometry, AND adults.

Searches were supplemented by a rigorous manual review of reference lists of the
papers included in order to obtain additional papers. The search included articles published
between the years 1982 and 2018. This period was clhesanse HIV was first reported in
the early 1980%° The researcher identified all the articles for review. An additional reviewer
reviewed the same articles to ensure the reliability and validity of the process of identifying the

relevant articles.

Incluson Criteria
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Studies were included in this review if they were published in peer reviewed journals,
included adul't participants diagnosed with
middle ear status as part of their investigation. Furthermore, sthdié to be written in
English. Although Cochrane collaboration recommends that only randomized controlled trial
(RCT) studies be included for systematic reviéwhe to the focus of the current study, which
is concerned about the indicators (middle eaasures) and not the outcome, nandomized

controlled studies were also included.
Data Extraction and Synthesis

A total of 515 titles were retrieved. Of these, 493 were excluded because they were not relevant
to the study. These excluded studies weltweeiteviews or focused on vestibular pathologies
or other parts of the auditory system (eg, central) in adults living with HIV. A total of 22 articles

were
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513 of records identified 2 additional records identifi
through database search through other sources

l |

504 of records after duplicates removed

A4

504 records screened 482 records excluded

10 fulktext articles excluded,
with reasons

22 fulktext articles
assessed for eligibility

12 studies included in the
gualitative synthesis

0 studies included in
guantitative synthesis

Figure 3.1. The PRISMA flow diagram describing the inclusion of studies.
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included from databases based on their abstract screening. A total of 12 articles were finally
included for analysis. The PRISMA flow diagram, showing the process of selecting studies for
inclusion in this review is included (Figure 1). The age of the participants in the research papers
ranged from 18 years to 60 years, with sampl
3.4 Results

Three tables that follow summarize the results of the studies included for réaige.
1 summarizes the studies that utilized acoustic immittance (tympanometry) as a measure, Table
2 presents studies where pure tone audiometry (ABG indicator) was used, and Table 3 depicts
findings from studies that made middle ear disorders diaghasexd on clinical examination

techniques.

Acoustic Immittance

Four studie¥3?3* reported middle ear disorders based on acoustic immittance
measures. Majority of the participants (76%) were females in two stiithttan males. There
was no significant difference between female and male participants in onésualy.two
studie$®?® recorded the CD4 -Eell counts, and classified participants according to CDC
categories in their reporting. In these two studies, most participants (44% & 47%) fell into
CDC category 2, which consists of people living with HIV with CD4 counts of 2009

cell /zl; with few participants (<20é&ltbnd 39 %)

Al four studies?3234reported that participants were on medication. In three stéfdies,
34 only participants in category 3 of CDC classification were odication. However, in one
study?? participants were on medication regardless of CD4 count cells or CDC category. As a
result, majority of the participants (99%) were on medications in a study conducted by
Sebothoma and Khoz@hangase compared to 39% ar@B% in studies conducted by Van der

Weshuizen et af and Chandrasekhar et*akespectively.
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Amongst these four studies reviewed, only one sflidgluded an HIV negative control group
to make a comparison. Although the percentages were not recottiesistudy??it is reported
that the HIV negative control group was significantly younger in age, and most participants

were males.

All these studies used tympanometry with 226Hz probe tone to assess the middle ear
function. Only two studies specifietld cutoff range for tympanometric parameters (ie, ear
canal volume, statistic compliance and tympamgtric peak pressure) to determine normal
versus abnormal middle ear function. Both Maro ét ahd Van der Westhuizen et®lused
0.9 to 2camlalf ovrolevame, 0.3 to 1.7 ml for stat

tympanometric peak pressure.

Table31Mi ddl e Ear Disorders According to Acoustic I mmittance

Study Age Sample Size Middle Ear Measure Findings

1. Sebothoma & 25 to 7:n=87(16lears) tympanometry with 8% (13 ears) presented wibnormal

KhozaShangast 226Hz probe tone Tympanogramgtype Ad = 70%). No

control group

2.Maro et al*? >18 y e aHIVgroup: tympanometry with 14% of HIV group presented with
n =449 (889 226Hz probe tone abnormakympanograms. 14% of control
ears); control group also presented with abnormal
Tympanogram
group: n = 303
3.Van der 18 to 6(MN=198 tympanometry with 41% of HIV group presented with
Westhuizen et a° 226Hz probe tone abnormal tympanograms (type B = 33%)

21% presented with abnormal
4.Chandrasekhar 22 t o 5 & =50 (100 ears)

34
etal: tympanograms (type B = 51%)

Table 3.2: Middle Ear Disorders According to Pure tone Audiometry

Studies Sample Size Middle Ear MeasureCriteria For NormalFindings

82| Page



1 Mathews, Albert, & JoBn = 60, 15 to 45 yearsPure tones (ABG) 02 0 d B HL 13% presented withonductive

frequencies hearing loss
» Ongulo & Oburrd® n =194; 18 to 50 yearsPure tones (ABG) Not clear 22% CHL, and 4% MHL
3 KhozaShangasg n = 150; 20 to 46 yearsPure tones (ABG) < 26 dB HL 2.7% Presented with CHL
. Matas et af® n =41; 20 to 60 years Pure tones (ABG) not reported in the 22.25% presented with CHL
text 7% MHL; 0% in control group
c Matas et af® n = 45; 20 to 60 yearsPure tones (ABG) 02 0 d BHL 58% presented with CHL
6.Torre et af® n = 396; mean age of Pure tones (ABG) O1 5 d B H L2.5% presented with air bon
49.5 years gap

Table 3.3 Middle Ear Disorders According to Clinical Examination.

Studies Sample Size Middle Ear Measure  Findings

1 Prasad eal.'’ n=968; 1.5to 75 yearsclinical examination 13% presented with otitis media

) Tshifularo et af® n=153; 1to 76 years clinical examination A total of 42.58% (CSOM = 27%; OME = 15.5¢

Overall, the rates of middle ear disorders in adults living with HIV were reported to
range from 8% to 41% when tympanometry with 226 Hz probe tone was used. Only one study
by Maro et af? included and compared middle ear disorders found to HIV negativieot
group. This study found no significant difference between the rates evithdils who are

living with HIV and those who are HIV negative.

The type of middle ear disorder, based on the type of tympanogram, varied in the studies
reviewed. While stu@s by Chandrasekhar et*4land Van der Westhuizen et®3found type
B tympanogram to be associated with a declined number of CD4 cell count and stage of HIV
to be common; concurring with findings by Obasineke ét;a. study by Sebothoma and
KhozaShangas¥ found type Ad (70%) to be the common abnormal tympanogram in
individuals living with HIV. One possible explanation for the different types of abnormal
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tympanograms in these studies could be that in a study conducted by Sebothoma and Khoza
Shangas!? 99% of the participants were on HIV treatment regardless of their stage of HIV
and the number of CD4 count. On the other hand, in the study by Van der Westhuiz&h et al.,
only participants with CD4 counts lower than 200 cells/uL were on HIV treatatuse of

HIV treatment in majority of the participants in Sebothoma and kiStemgase may have

i mproved the pat ?aadcdpresedtedithmraductien osmusodiliarynestion of

the middle eaf! thus less severe middle ear disease.

Pure Tone Audiometry

Six studies were identified that utilized pure tone audiometry to determine the presence
or absence of middle ear disorders in adults living with HIV. The studies reviewed were
heterogeneous in nature. Three stulli®s°reported that male participants constituted the
majority; while two studie¥*"indicated majority of female participants. Only one stfidjd
not report on the gender profile of participants. Only thrediesuprovided the mean CD4
count cell$®37:39 with participants in a study by Matas ef%tonsisting of higher mean (585)

CD4 count cell, and male participants in a study by Ongulo and Gbuoomasisting of the
lowest mean (47) for CD4 count cellsf the six studies, only three studie®*included a

control group.

While all these studies used -Bione gaps (ABG) as an indicator to determine the
presence or absence of middle ear disorders, thaffgpoints for determining normal hearing
threshdds differed between the studies. Two stutfiédused(®0 dBHL as a cubff; one
study*® usedO15 dBHL, while another studfused<26 dBHL. Two studie¥-*°did not specify
their cutoff points at all. Only one study by Matas ef%4ihcluded and compad the hearing

of adults living with HIV to those of an HIV negative control group.
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The overall rates of middle ear disorders reported in these studies ranged from 2.5% to
58%. Maro et af® found a statistically significant difference between middledésaorders in
adults living with HIV (22.25%) and the HIV negative control group (6.7%). Of the types of
middle ear disorders found, the rates of conductive hearing loss (CHL) were higher than the
rates of mixed hearing loss (MHL). One study by Torre &t @id not classify the type of the

hearing disorders (eg, CHL or MHL), but simply recorded the rates in ABG.

Of the three studies that included a control group, only two stidfasported the
results of the control group. Both the stuéfiésindicated that there was no hearing loss with
a conductive component (CHL or/and MHL) in the control group. Only one 3tcoypared
the results of individuals who were on medication amd¢hvho were treatment naive. In the
study, individuals who were on méchtion presented with higher prevalence (30.8%) of CHL

when compared to the treatment naive (20%).

Clinical Examination

Two studie$”*®used clinical examination techniques to repormiddle ear disorders
in adults with HIV. Although the inclusion criteria and age groups of participants in these
studies were similar, there was also variability with regards to the rates of middle ear disorders
in these studies. One study reported riites of middle ear disorder to be 13%yhile the
other study reported the rates to be as high as 42258pk& sample sizes in these studies were
significantly different. Unlike in the studies with other middle ear measures, the specific types
of middle ear disorders were reported in these studies. Both studies reported otitis media with
effusion (OME) to be the most common type of middle ear disorder. Tshifularo'&t al.,
however, found the rates of chronic suppurative otitis media (CSOM) to be (2FP&rwhen

compared to OME (15.58%) in individuals living with HIV.
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3.5Discussion
This systematic review summarized evidence reflecting trends in middle ear disorders

in adults living with HI V. To the awthdior 6s
explored and documented middle ear disorders in adults living with HIV using various
assessment measures. This review identified 12 studies that met the inclusion criteria. Because
of the heterogeneous nature of the studies included in this rengnqualitative analysis was
conducted. All 12 studies reviewed revealed that middle ear disorders are common in adults
living with HIV. These findings are consistent with review conducted by Sanjar and
colleague® which indicated that middle ear diserd are among the common otolaryngologic
manifestations of HIV. It is worrying that middle ear disorders seem to persist in spite the use

of ART 1218

While ART is known to significantly improve the immune system of individuals living
with HIV, the expectéion that patients on ART should have lower prevalence of middle ear
disorders does not necessarily ring true. While the study conducted by Sebothoma and Khoza
Shangas& where almost all participants were on ART presented with a small percentage (8%)
of middle ear disorders; two other studie§found participants on ART to have significantly
higher percentage of middle ear disorders. However, it is worth noting tiiatgazents in the
latter studies may have had compromised immune systems due to delayed commencement of
treatment. Unlike in the study conducted by Sebothoma and Kivaiagaseé where all
participants were on ART regardless of their CD4 cell count, paatits in the latter studies

were only put on HIV treatment when they were in category 3 of the CDC.

No evidence could be found in the studies reviewed on the relationship between the
duration of ART, adherence to ART and middle ear disorders; highlightegd for inclusion
of this in future studies. Studies on cochfand vestibular functioft** and HIV have

revealed that the use of ART may have deleterious effects on these systems in terms of
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ototoxicity and vestibulotoxicity. However, it is hypesized that the use of ART may have

different effects on middle ear function in this population, and this view needs to be explored.

The current review revealed that the rates of middle ear disorders in adults living with
HIV varied significantly betweestudies that used similar or different middle ear measures.
The rates of middle ear disorders ranged from 2.5% to 58%; with type B tympanogram, CHL,
and CSOM being the most prevaléht®>*3These variabilities may be attributed to different
sample sies, different middle ear measures used, and differemtftualues used to determine
normal versus abnormal. For example, while KhShangas¥ used<26dB HL as a cubff
point to determine normal versus abnormal, this criterion is considered to repmae
hearing loss in a study by Torre et'@lt can be argued that while it is clear that middle ear
disorders exist despite the use of ART, the rates of these disorders may have been either under

reported or over reported depending on the critegana@asures used.

The highest rates of middle ear disorders were reported from a study that used air bone
gaps from pure tone audiomefWhile these findings are supported by a study by Hunter et
al.* who indicated that CHL (ABG) in children was 20% lhég than the rates obtained from
tympanometrywith 226Hz probe tone, these results were unexpected and surprising given that
pure tone audiometry using ABG as an indicator is not a routinely used direct measure of
middle ear functio? Studies have showthat clinical examination techniques such as
otomicroscopy can have sensitivity in identifying middle ear disorders that reaches
100%?214¢47Therefore, one would have expected the rates of middle ear disorders to be higher
when measuredoy clinical exammation techniques, instead of the current review findings

indicating ABG identifying more middle ear disorders than clinical examination.

The findings of this review may suggest that perhaps evaluation of middle ear disorders

in adults living with HIV mayneed to include multiple measures rather than a single measure.

87| Page



This may provide a better overview of middle ear function in this population. Balatsouras et
al*® also argue that multiple measures of middle ear function improve the sensitivity and
specifiagty of detecting middle ear disorders. Given the extreme shortage of resources to deal
with the consequences of untreated middle ear disorders in developing cdtftties use of
multiple measures may enhance early identification and ensure that emardgis
implemented early. While there is a growing body of evidence that indicates that wideband
acoustic immittance (WAI) is one of the single most effective middle ear measures with higher
sensitivity and specificity in detecting middle ear disordePéand can predict the magnitude

of CHL®3; research is still needed to determine the effectiveness of this measure in adults living

with HIV; an implication for future studies.

While this review revealed that middle ear disorders exist and the ratelseniagh,
there is a lack of evidence on whether these trends are similar or different to the HIV negative
population. There were only two studies that included HIV negative control groups. Maro and
col-league® used tympanometry with 226Hz probe and ditifind any statistical significant
difference between the rates of middle ear disorders in adults living with HIV and HIV negative
control. However, Matas and eldlague?’ used pure tone audiometry (ABG) and reported that
adults living with HIV presentedith 22.25% while HIV negative control presented with only
6.7% of middle ear disorders. Based on this evidence, whether the rates of middle ear disorders
in adults living with HIV are different or similar to those of HIV negative control remains

unclear Further studies that use casmtrol are needed.

While the existence and rates of middle ear disorders have been reported in the studies
reviewed, the time of onset and development of middle ear disorders have not been categorized.
The lack of this evidece could partly be attributed to the research designs employed in the

studies reviewed. All 12 studies reviewed employed esestional design. As a result, there
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is a need for further studies that use longitudinal, repeated measures design in order to
determine onset, development and charfgasniddle ear function in adults living with HIV.
The lack of evidence about onset and development may prevent audiologists and policy makers
from developing ear and hearing monitoring programs for adults living with HIV.
3.6 Conclusion

This is the firssystematic review to look at the trends and rates of middle ear disorders
in adults living with HIV from multiple middle ear measures. This review revealed that middle
ear disorders exist in adults living with HIV regkess of the use of ART. These finds
highlight the important implications for assessment and management of middle ear disorders
in this population. The rates of middle earodders in this population varied significantly due
to different measures, sample size and criteria used to die¢enormal versus abnormal. This
raises important implications about selection of sensitive and specific measuregffexiste
management programs are to be implemented. The lack e€oasel design which made it
difficult to determine whether thigends and rates of middle ear disorders in this population
differ to HIV negative control raises an implication for future studies. Finally, the time of onset
and development was not categorized in the studies reviewed, another implication for future

studes.
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CHAPTER FOUR

ACOUSTIC IMMITTANCE MEASURES AND MIDDLE EAR

ASSESSMENT: CURRENT PRACTICE BY SOUTH AFRICAN

AUDIOLOGISTS

(Reprinted with permissio®ppendixO)

4.1 Abstract
Background: Limited researchexists regardingSouthAfrican a u d i o | poagticesviths 6

acoustiémmittance Thisstudywaspartof abiggerstudytittedé Wi d eascustiainmittance

in adultdiving with humanimmunodeficiencw i r us 6 .

Objectives: The purposeof the study was to explore current practice of South African
audiologistsregarding acoustic immittance measures,and to explore their perceived

knowledgeandviewson acoustiammittanceadvancements.

Method: A quantitative survey with a cross sectional design was employed. An electronic
guestionnairevas distributedto participantsvia professionalassociation®f audiologists.

Datawasanalysedhroughdescriptiveandinferentialstatistics.

Results: Most audiologistsworked in private practiceand conductedtympanometrywith
226Hzprobe tone and ipsilateral acoustic reflexes. There was no association between clinical
setting,levels of qualification, and the use of tympanometry. None of the participants
included multifrequency and multicomponenttympanometry (MFT) and/or wideband
acoustiammittance(WAI) in theirtestbattery Mostof theparticipantsverenotfamiliar with

MFT andWAI. Familiarity with MFT and WAI were only associatedvith the level of

gualification.Limitedtrainingandlackof equipmentveremajorbarrierso conductingsomeof
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theacoustiammittancemeasures. Most participants believed that they would include MFT

and/or WAI in their tesbatteryif theyhadaccesgo theequipment.

Conclusion: Current findings raise training amtinical implications for the South African
audiologists, including training institutions. These findings provide motivation for strategic
resource allocation, planning and distribution of audiology clinics in the country if positive

preventiveaudiologyoutcomesareto beachieved.

Keywords: acoustic immittance; audiological practice; middle ear function; South Africa;

audiology;tympanometry.
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4.2 Background
Acoustic immittance measures consistyohpanometry, acoustic reflex threshold (ART) and

acoustic reflex decay (ARD) (Martin & Clark, 2015). These measures are designed to assess
middle earfunction (Hunter & Shahnaz2013) andto provide a differential diagnosis for

various disorderalong the auditory pathway (British Society of Audiology [BSA], 2013). As
aresult, acousticimmittancemeasuredorm part of the standardaudiologicaltest battery

for both adults and children (American Academy of Audiology [AAA], 2012; Health
Professios Council of South Africa [HPCSA], 2012). Despite the established value of this
measure, thereeem to be discrepancies in the literature about its use in clinical practice
(Emanuel, Henson &napp, 2012). In lowand middleincome countries (LMICs), inclug

South Africa, there idimited research on the practice of audiologists regarding acoustic
immittance. This researchmrticularly important where preventive audiology is arguably a
part of the reengineeredprimary healthcare strategy adopted by tBeuth African
government and wherethe mant udy OWi deband acoustic | mmit

human | mmunodeflocated.ency virusod i s

MacDonald and Green (2001) showed that 91% of their participants in Canada always include
tympanometry with 2261z probe tone in their basic audiological test battery and 77% always
include both ipsilateral and contralateral reflex threshold testing. However, a survey
conductedn the United Statesof America(USA) by Emanuelet al. (2012)found that only

61% of their participantaisetympanometrywith 226 Hz probetoneroutinely. Both these
studies found that over 70% of theparticipants never use muftequency and
multicomponentympanometryn theirclinical practice Thesestudiesupportanearlierstudy

by Martin, Champlin and Chamberg1998) who found that approximately10% of the
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participantseportedusing multi-frequencyand multicomponentympanometry in the USA.
Overall, evidence indicates théitstly, it is notknownwhetherthereis anychangedn theuse

of acoustic immittance in clinical settings globally. Secoraigjlablestudieson acoustic
immittancemeasuresveremainly conducted in Western highcome countries, withmited
research from LMICs. Finally, none tifese studiebave investigated the use of wideband

acoustic immittanc@WVAl).

Variability in acoustiammittancepracticesamongaudiologists is concerning, given the high
prevalence aninpactof middleearpathologiesn bothadultsandchildrenTheWorld Health
Organization (2018) reports that midaiar pathologies affect over 700 million people per
annumglobally, with LAMI countriesbeing the most affected (DeAntonio et al., 2016)
because of multiple risk factors suah human immunodeficiency us (HIV), lack of
awarenessand knowledge (Joubert, Sebothoma& Kgare, 2017; Sebothoma& Khoza
Shangase2020). Whilst middle ear pathologies can be treated medically (Rosenfeld et al.,
2016),prolongedor late identification and interventionmay lead to further complications
(Kolo etal., 2012),which aredifficult totreat and may require specialised services that are
scarce inLMICs (Mulwafu et al., 2017). Therefore, it is crucial tratdiologists include
acoustic immittance measures in tHesicaudiological test battery in order to identify early
signof middle ear pathologies, for preventive ear and heaang to occur. In South Africa,
the standard audiological tedtattery requires inclusion of acoustic immittance for

identificationof middle earpathologiesandmakingreferralsaccordingly.

Literature has suggested that acoustic immittance meagpuoggde important clinical
information about the mechanichlaracteristics of the middle ear system (Kramer & Brown,
2019. Bess and Humes (2008) reported that the mechapiogkrties of the middle ear

system are often affected by firesence of middle ear pathologies. Therefore, the use of
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acoustic immittance allows the audiologists and otheaedihearing health prafsionals to
objectively identify theabnormalitiesvithin themiddleear system. Asa result,the inclusion

of acoustic immittance measures in the bedteryis recommendedBSA, 2013).Although
acoustidmmittanceforms part of the standardaudiologicaltestbattery, tympanometry with
226 Hz probe tone remains theost routinely used measure of middle ear assessment in
audiological clinics (Martin & Clark, 2015). Emerging researchhas indicated that
tympanometryvith 226Hz probaone hagpoor sensitivity and specificity in the identification
of middle ear pathologies (Kaf, 2011; Sebothoma & Kh&teangase, 2018). The continuous
use of tympanometry witB26 Hz probe tone results from the easewith which these
measures can be performed ardained and results can gerpreted (Hunter & Shahnaz,
2013). It is therefore cleahataudiologistsespeciallythoseworking in resourceconstrained
contexts, need to move towards including mexeurataneasuresf middle earpathologies
to improveearlyidentificationandinterventionandto reducecostsassociatedavith untreated

middle ear pathologies.

Multi-frequency and multicomponent tympanometry ¥l havebeenshownto be more
accuraten detectingniddle eampathologies than the traditional tympanometith 226 Hz
probe (Shahnaz & Polka, 1997). The superioafythese advanced acoustic immittance
measures is reportéd be a result of their clinical parameters, which includeattibty to
measuremiddle ear function over a wide rangeof frequenciegSanfordet al., 2013)and
detectresonanfrequency(RF) (lacovouet al., 2013). Theseclinical parameters allow such
measures to accurately identify eadigns of various middle ear pathologies(lbraheem,
2014)@andpredictconductivenearingoss(Keefeetal.,2012).Assessing whether audiologists
include advanced acoustimeasuressuch as multi-frequency and multicomponent
tympanometryand WAI has implications for clinical practice and resourceallocation,

particularly in LMICs. These implications include early identification and timely

94| Page



interventionsfor middle ear pathologiesas part of the preventivehealthcareapproachthat

SouthAfrica embraces.

Based on the informatigmresented above, the purposéhid studywasto explorethecurrent
practicesof SouthAfrican audiologists regarding acoustic immittance anéxploretheir
perceived knowledge and views regarding advancedmeasuressuch as multi-frequency

multicomponentympanometryand WAL.

Thespecificobjectivesof the studywereto:

3 determinethe acousticimmittancemeasuregonductedy SouthAfrican audiologists

in clinical practice

3 describefacilitators and barriersto the use of acousticimmittance in clinical practice

3 describe audiol ogi st s 6 imnmittandemeasurest y wi th ad

4.3 Method
Thiswasaquantitativesurveyresearctstudywith acrosssectional design (Leed Ormrod,

2013). This desigwas deemed appropriate as the research aimed to egptoeatacoustic
immittancepracticesby SouthAfrican audiologistsA web-basedsurveywasemployedasit
allowed the researcherdo gather data from audiologists acrossSouth Africa (Khoza
Shangas& Masondo2020).Wright (2005) reported that survey research provides atzess

participants§rom distantlocations.

Data collection method

Data collection for thistudy started with survelevelopment hequestionnairgvasdeveloped
basedon previoussurveysthatwereconductedn Westerncountriessuchas Canadaandthe

USA (Emanuel et al., 2012; MacDonald & Green, 20BHgwever, items for this study
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were modified to suit thecurrent study and the South African context. The survey
guestionnaire was reviewed by two qualified audiologigte wereselectedbasedon their
routine use of and expertisen acousticimmittancemeasuresThey provided feedbackon
clarity of thequestions and content, that is, relevance oftémas for the study. A pilot study
was then conducted witlive audiologists who met the inclusion criteria to deterrtiiee
feasibility of the questionnaire and to obtain additioin@luts aboutthe survey.The final
versionof the questionnairerasuploadedonto SurveyMonkeywhich wasusedto creatéhe

survey.

Participants

A nonprobability purposive sampling method was userketwuit potential participants who
met the inclusion criterigdleedy & Ormrod, 2013). Participants had to be practising
audiologistsregisteredwith the HPCSA. Participantsholding a dual degree in speech
language pathology andudiology (SLP/A) but working primarily as speechlanguage
pathologists (SLPs) were excludednfrdhe studyThe completedsurveyquestionnairevas
sentto two professionahssociationgSouthAfrican Associatiorof Audiologists [SAAA] and
South African Speech Langualgearing Association [SASLHA]) for distribution. The South
African Speech Languad#¢earing Association distributettie surveylink by emailingit to

all theirmembersputSAAA distributedthe surveylink on their socialmediapages such as
Facebook and WhatsApp. ArBonth cutoff time wassetfor participantsto respondto the

survey.Reminders were sent to potential participants by SAAASKESLHA.

Data analysis

Datawereanalysedusingthe StatisticalPackagdor theSocial SciencefSPSS)version25.
Both descriptiveandinferential statistics were employed (Ali Bhaskar, 2016)P e ar son 6 s

chi-squaredestwasusedto determinethe association between variables of interest: level of
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educationglinical setting and the use of tympanometry with 226ktibe tone. The-value

for statistical significance for thitudy was set gt < 0.05.

Reliability and validity

To determinecontentandfacevalidity, following thereview by two experiencedudiologists,
apilot studywasconducteavherethequestionnairavassentvia SurveyMonkeysingthesame
procedureasdescribedor the mainstudy.Theaudiologistsvhoformedpartof thepilot study
wereaskedocommentndprovidefeedbaclonthecontenandtodeterminevhether the content
of the questionnaire is in line with tiodjective of thestudy (Satake, 2015). Findings at this
stage ofhe study revealed that the content of the questionnairapyaspriatdor the study
andcapturedvhatwasbeing investigated. Furthermore, the pilot study also revealetthé¢hat
guestionnaireould be completedn approximatelylO min.It should be noted, however, that
validity was compromisdualy the very natureof online surveyswhereresultsmight nothave

beenatruereflectionof assessmeiptractices.

Ethical considerations

All procedures in this study adhered to the World Medksabciation(WMA) Declaration

of Helsinki (Millum, Wendler& Emanuel,2013) ethical guidelines.Ethical clearance was
obtained from the Human Research Ethammmittee (HREC) (nomedical) of the
University of theWitwatersrandJohannesburgouthAfrica (ProtocolNumber:H19/02/30).
Participantgyavewritten informedconsent by clicking the button on the SurveyMonkey after

readingand understandinghe study information sheet.

4.4 Results
Forty-five audiologists responded to the survey. Over {&8f3%) of the participants were
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employed in public sectdacilities, suchaspublic hospitals primary healthcarsectors and
schools, whilst 40%n( = 18) of the participantsvorked in privatepractice. Very few
participants worked iminiversityclinics (2.2%;n = 1) andnon-profit or non governmental
organisations (4.4%n = 2). Participants hadariouslevels of experienceand numbersof
hourstheyprovided clinical audiologicaervices per week. Figureslimmarises the number
of years that participants had baarclinical practice,whilst Figure2 providesthe average
number of hours that participants spent providing clinanadiiological services in their
respective settingdost of theparticipants (64.4%x = 29) hold an undergraduate degree,
which is a standardpracticein South Africa. An undergraduatelegreeis sufficient for

registrationto practice.

Conventional acousticimmittance measures

Table 1 summarises th&equency with which participantéhcluded various acoustic
immittancemeasureswhilst Table2 showsdifferentagegroupsassesselly variousacoustic
immittancemeasures. A majoritgf participantg68.9%;n = 31) indicatedthatthey always
include tympanometrywith 226 Hz in their audiological testbattery, with very few
participantsndicatingthat theynever(2.2%;n = 1) includeit or rarely (2.2%;n = 1) include
it in their audiologicaltest battery. Of those whadnclude tympanometrywith 226 Hz
probe tone, 57.8%(n = 26) reportedthat they use it to assesgatientswho areover6
monthsold, whilst 40% (n = 18) of theparticipantsusetympanometrywith 226 Hz probe

tonewith all patients.

P e a r <hu-sgdasedtest indicatesthat there was no statistically significant association
betweerthelevelsof participant qualifications (e.g. Bachelor of Science [BSd{laster of

Arts [MA]) andthe use of tympanometrywith
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‘ 1. Qcyrs (44.44%) 2. 610yrs TABLE 1: Use of various acoustic immittance measures.

(13.33%)

Type of measure Number of Frequency of use
participants
(%)

Tympanometry 84.5 Always
with226 Hz probe q

tone 11.1 Sometimes

2.2 Never

2.2 Rarely

Tympanometry with 40 Always
1000Hz probe tone 244 Sometimes

22.2 Never

13.3 Rarely

Acoustic reflex threshold 73.3 Always
11.1 Sometimes

2.2 Never

Figure 4.1: Numberof yearspractisingasaudiologists. 13.3 Rarely

Acoustic reflex decay 6.6 Always
13.3 Sometimes

1.1c10hr (33.3%) 2. 11c20hr (15.586) 3. 21

30hr (4.446)

TABLE 2: Age of patients assessed by various acoustic immittance

measures.
Type of measure Number of Age of patients
participants assessed
(%)

Tympanomgtry with 226 58 > 6 months

Hzprobe tone 40 All patients
Tympanometry with 64 001 6 months

1000Hz probe tone 18 All patients

Figure 4.2: Numberof hoursspenton clinical practicetaskson aweeklybasis.

226 Hz probe tonf = 1.000). There was also no statisticalignificant association between
working in any setting (e.gublic or private) and using tympanometry with 226gtabe tone
(p=0.116). Tympanometry with 1000 Hz prdaios@ewasusedinfrequently, with only 26.7%

(n = 12) of participantsalwaysincluding it in their audiologicaltestbattery. A majority of
participanty64.4%;n = 29) usedtympanometry with 226 Hz probe tone only with children
aged0i 6 months.Justbelow half (48.9%;n = 22) of theparticipants stated that they always
include ART as part dheir audiologicaltestbattery,with a negligible number(2%; n = 1)

who neverinclude ART. Therewasno associatiobetween level of educatiop & 0.84) or
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clinical setting(0.95)andthe use oART.

Of thosewho included ART, 71.1% (n = 32) of the participantdndicatedthat they only
includedipsilateral ART. However, there was no association between lewesluafation and
the type of ART includedp(= 0.068). Of thissample,33.3% (n = 15) of the participants
indicatedthattheir equipment did not provide both the ipsilateral emctralateraART tests,
whilst otherscitedlack of time (24%)in conductingoothipsilateraland contralateratesting.
Almost all participants(80%) never included ARD in their audiologicaltest battery.Chi-
squaredestalsorevealed that there was no association between the leeeluchtion | =
0.8796) or clinical settingo(= 0.315) and thenclusionof ARD.

Advancedacousticimmittance measures

A majority of participants never included metitequency and multicomponent
tympanometry (82.2%) = 37) and/oWAI (73.3%;n = 33) in their audiological test battery.
Thosewho did not include mukfrequency and multicomponetympanometry and/or WAI
cited the lack of equipment fanulti-frequencyandmulticomponentympanometry26.7%n

= 12) and WAI (33.3%n = 15) and training for both tes{§1.1%and 44.4%) as the main

reasons.

Regarding familiarity, only 2.2%n(= 1) of the participantsnvere familiar with multi-
frequencyand multicomponenttympanometryand WAI. Further analysisindicated that

familiarity with multi-frequencyand multicomponentympanometry(p = 0.0004)and WAI
(p=0.0273)wasassociatedwitp ar t i ci pant s6 | ev ethesamibafity educ at
with multi-frequencymulticomponent tympanometiyp = 0.913)and WAI (p = 0.994)was
notassociated with the type of clinical setting (e.g. privatg@ublic). Participants were also

asked ithey would includenulti-frequency and multicomponent tympanometry amdVAl

if they had equipment;57.8% (n = 26) and 35.6%n = 16) confirmed this and 37.8% €

17) and 60%r(= 27)wereunsure.
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4.5 Discussion
The aims of this studywere to explorethe currentpracticeof South Africanaudiologists

regardingacousticimmittance measures and to describe their familiarity with advanced
acoustic immittance measures. The results reveal that 6@139631) of the participants
includetympanometry with 2261z probetonein theiraudiologicaltestbattery. Theseresults

are consistent with previous studies conducted in CaaadblSA, which establishedhat
audiologistsalwaysincludetympanometry with 226 Hz probe tone in thairdiologicaltest

battery(Emanuektal.,2012;MacDonald& Green2001).

A highernumberofp a r t i dregpeatimdlusianof tympanometrywith 226 Hz probe,
and lessof othertympanometry, could be attributed to its availability anaétsavith which
thetestcanbeperformedandits resultscarbe interpreted (ErkkolAnttinen et al., 2014). For
exampleonly 2% (n = 1) of the participantsndicatednot havingequipmentThosewho did
not alwaysincludetympanometryith 226 Hz probetone cited 6 o t Iheaspondotherthan
availability. A high number of participants indicated thhey did not always include
tympanometry with 1000 Harobe tone; instead, they used tympanometry with 226rblze
tone with all patients. These findings are ingistentwith the survey conducted by Meyer,
Swanepoel and LRoux (2014), which found that most of the participantsincluded high-
frequencytympanometryThe differencebetween these studies can be attributed to different
samplesizesandsettings.Thelatter studysampledparticipantsonlyfrom the private sector,
whilst the current study includeghrticipantsfrom variousclinical settings.Therefore the
differences are not surprising given that those in the praettor are known todve more

resources than those in theblic sector (Teixeir& Joubert, 2014).

Despitethe differencedn thefindings, notincludingtympanometry with 1000 Hz probe tone
raises implicationdor early identification and interventionof middle ear pathologies in

children under the age of 6 months. Krarard Brown (2019) reported that tympanometry

101| Page



with 226 Hzis invalid in identifying middle ear pathologies in yourtgldren under the age

of 6 months, perhaps because ofrmdual mesenchyme ingimiddle ear (Shanks & Shohet,
2009). Park et al. (2015) found the sensitivity of tympanomefith 226 Hz pronetonein
identifying middle earpathologies children under the age of 6 months to be poor, ranging
from 0% to 6.6%.However,the continuoususeof tympanometrywith 226 Hz probetonein
patientsof all agesffects early detection(HPCSA, 2018). Furthermore given thescarcity

of resourcego dealwith severemiddle earpathologiegFagan& Jacobs2009),the useof

tympanometryith 226 Hz probein all patientsmight havelong-termnegative consequences.

In terms of ART and ARD, almost 50% of the participaaitgaysincludedART, whilst a
majority (80%) neverincludedARD. Of those who include ART, a majority (71%= 32)
only include ipsilateral ART because their equipment gmyides this option and does
not provide an option forcontralateral ARTThesdfindingsareconsistentvith theresults of
a study byEmanuel et al. (2012) who found thatrejority of their participants always
included ART, but fewincluded ARD in their assessments. Unlike in the curstundy, a
majority of participantg91%)in the studyby Emanuel et al. (2012) used both ipsilaterad
contralateralART. GiventhatART andARD areessentiafor differentiatingcochlearfrom
retrocochleadisordergKramer& Brown, 2019),it is concerninghatsome ARTand ARD
arenotconsistently conducted. Some participants (24 4%]1)stated that they had no time
to conduct both the ipsilateralnd contralateral ART. This may be becauseof time

managemengchedulingof appointmentandworkloadchallenges in their practices.

A majority of participants in our study indicated that tkéynotincludemulti-frequencyand

multicomponentympanometry and WAI and were not familiar with théssts. A higher
number of participants stated that they waoé trained in the use of thesests and did not
have theequired equipment. Tympanometry with a wide rangieafuencies such as WAI

is not yet widespread in clinicpfactice (Kramer & Brown, 2019), particularly in developing

102| Page



countriedecausef thelackof normativevalueg Sebothomatal., submitted) Severaktudies
have alreadyindicated thattympanometrywith a wide rangeof frequencieshave higher
sensitivity and specificity in identifying middle ear pathologieqKaf, 2011; Shahnazt al.,
2009); therefore,academidnstitutionsin SouthAfrica needto teachand updateaudiology
studentandgraduates throughseminarandworkshops advancements audiology.lt was
comforting to see that over 80% of the participants aenenabldo usingmulti-frequency

andmulticomponentympanometryandWAI if theywereto receivetheequipment.

In anattemptto establishf therewereanytrendsin the datathat could explain the outcomes
in terms of current practicéctors such as the level gfialification, sector of employmeand
length of employmentwere carefully qualitatively scrutinised. Of these factors potentially
influencing practicepnly private practice placement seemed to have a posifiuenceon
currentpractice possiblybecaus®f theavailability of resourceshatareotherwisenotwidely
available in state institutions that are fraught with resocmostraintsThelevel of education
of the participantsappeared to have no influence in currigmtlings. This wasexpected as
middle ear assessment forms part of the HP@8¥mum standardsfor undergraduate
gualification in audiologyin SouthAfrica, with postgraduatéraining comprisingresearch
only, researchreportandresearcltoursework, witmo clinical training at postgraduate level

(KhozaShangase & Masondo, 2020).
Study limitations

Whilst this study provided information about practices Sduth African audiologists

regarding acoustic immittanceherearemethodologicalimitationsthatneedto betakeninto
consideration whilst interpreting the findings. Although thea soci ati onsdé dat a
represents a large number addiologistsin the country,unlike any other,the recruitment
methodusedn thisstudypermittedaccessnlyto audiologistsaffiliated with these associations

(SAAA and SASLHA) andhosewith Internetaccesso participateThishasresultedn asmall
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sample size that is not necessarily a representativeanf@eof the audiologistsvorking in
various sectorsin South Africa, thus limiting the applicability in terms of guideline
implementation and generalisation to the majority of the u n tpradtitioreers. This
limitation raisesimplicationsforfuture studies teexplore the same question by including
participants who are not associateith SAAA and SASLHAFor example,future studies
shouldconsidemrecruitingparticipantghroughthe nationalforum aswell, the NationaBlack
Speech Language Hearing Associations and other existing platforms to increasethe

representatioof audiologists.

4.6 Conclusion
The resultsof this study indicatethat South African audiologists do not regularly conduct

acoustic immittanceneasures, with a majorigonducting only tympanometnyith 226 Hz
prone tone and ipsilateral ART regularly. Wegiancein practiceis mainly attributedto the
lack of resourcesandlimited training at undergraduatéevel. Itwas also noted that most of
the audiologists are not familiawith multi-frequency multicomponent tympanometry and
WAI. Therefore,this study highlights the need for enhancedtraining and appropriate
resourceallocationwhere audiological services are provided. Educating bottergraduie
and postgraduatstudentsaboutthe importance of including acoustic immittance in routine
testbattery and the various measures for specific circumstasgesgjuired.Furthermore,
equippingSouthAfrican audiologistswith the knowledgeof advancedacousticimmittance
measures that are more effective in identifymgldle ear pathologiessuchas WAI, may
keep themabreast with new developments in the field. All this roagtribute positively to
early identification and consequeearly treament of middle ear pathologiesas part of
preventive healthcare measures within this LAMI contexkigre a high burdenof diseases

thatincreaseoccurrencesf middle eardiseasesuchasHIV or AIDS, exists.
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CHAPTER FIVE

THE USE OF TELE PRACTICE IN ASSESSMENT OF

MIDDLE EAR FUNCTION IN ADULTS LIVING WITH HIV

DURING THE COVID -19 PANDEMIC

(Reprintel with permission, Appendix)P

5.1 Abstract

Abstract Coronavirus disease (COVID9) pandemic is the latest threat to global health that
causes severe acute respiratory syndrome (SARS)piaiéice has inadvertently sprung to

the forefront to become a common practice amongst healthcare providers durit-C@V
Limited evidence exists on the use of {pftactice in assessing middle ear function in adults
living with HIV during the COVID19 pandemic. The aims of this study were to investigate
the use of telpractice for assessment of middle ear functioadalts with HIV during the
COVID-19 pandemic. A quantitative observational, cresstional design was adopted. A
total of 134 adults diagnosed with HIV were purposively selected from the HIV clinic. An
audiology researcher, in the role of digeilitator, captured video otoscopic images of the
tympanic membrane using a video otoscopy for all participants through asynchroneus tele
practice. All captured images were sent to two independent otorhinolaryngologists for
diagnosis. Findings of this study indied that telepractice can be used to assess middle ear
function in adults living with HIV during COVIEL9 pandemic. When asynchronous {ele
practice was used, there was a moderate diagnostic agreement (k = 0.58) between the two

otorhinolaryngologists on albrmality versus normality, but poor agreement (k = 0.15) on the
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nature of abnormality (e.g. OME vs CSOM). Current findings highlight the urgent need for a
widespread use of tefgractice during the continued clinical follow up and management of
adults living with HIV, and the implementation of tepgactice, particularly in lowand
middle-income countries (LMICs) where capacity versus demand challenges related to ear and
hearing care continue to exists.

Keywords: Adults HIV Middle ear assessment T-gleadice

5.2 Introduction
The Human Immunodeficiency virus (HIV) remains one of the biggest public health problems,

affecting millions of people globallyl]. There was an estimated 36.9 million [31.1million
43.9 million] people Wing with HIV globally in 2018, with adult population accounting for
95% of the pandemid]. The high prevalence of HIV has been reported to be greater in low
and middleincome countries (LMICs), where South Africa is locajdRRecent data indicates
that the prevalence of HIV in South Africa is 7.5 million, an approximately 20% of the global
population P]. Although the antiretroviral (ART) regimen has been shown to beffantive
treatment, HIV continues to increase the risk of otological and audiological impairr8ents [

6.

Middle ear pathologies are among the common otological manifestations off HY vith
prevalence rates reaching approximately 6@} fiddle ear pathologies are characterized
primarily by a dysfunction of the Eustachian tube due to weakened immune sy€iem [
leading to unprevented pathogens, causing an accumulation of fluid in the middle ear cavity,
and lack of vibratory movement of the tympanic membrane and ossicular thHai@ifen the
persistence of middle ear patholagia this population, early identification and intervention
must be implemented in order to prevent the potentiaHteng impacts that may result from

late or lack of treatmentlPi 14]. Sebothoma and KhezShangasel5] argue for increased
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efforts towards preventive care for middle ear pathologies through programmatic approaches
that are delivered via innovative hybrid service delivery models, such gsaelece combined

with task-shifting, within the South African context.

Traditionally, middle ear pathologies are identified by audiologists and otorhinolaryngologist
using acoustic immittance measures and otomicroscopy respecli@ely’]. These measures

are often used in direct close contact with patients presenting with audiological or/and
otological symptoms. However, due to the COVIB pandemic, and the fact that examination
around the ear, nose and throat has been reptrtpeesent the highest risk of COI®
transmission 18], these traditional methods became challenging to use, over and above the
challenges of healthcare prioritiesagangement brought on by COVI®. Furthermore, the
Centerdor Disease Control and Prevention (CDC) suggest that individuals with HIV might be
at an increased risk for developing severe illnesses due to CO¥[D9]. Therefore, tele
practice became an urgent alternative tool for heaktwanvice delivery due to its remoteness
and its ability to reduce close contact between patients and health care providers, thus
preventing the spread of the virl&0] 21]. Tele-practice involves the usef technology to

remotely assess and manage patie2fis [

Although some otorhinolaryngologists have shared their challenges in usingaetiee
during COVID19 pandemic 43, 24], governmental health and safety regulations have
necessitated the use of Roontact methods to pndde healthcare services. Few research
studies on the use of tepgactice have found the benefits of using this method duringlBO

19 pandemic35, 26], however, limited published evidence exists on the use eptalgice in

the assessment of middle ear function in adults living with HIV during CG\M[particularly

in LMICs whee the infrastructure for telgractice is limited 27] and resources to deal with

undetected and untreated middle ear pathologies is extremely lirBBpdTherefore, the
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purpose of this study was to irstigjate the use of tejgractice in the assessment of middle ear

function in adults living with HIV during the COVH29 pandemic.

Specific Objectives

1. To describe middle ear function of adults living with HIV as diagnosed by

otorhinolaryngologists using asghronous telractice.

2. To determine reliability of using telgractice to assess middle ear function during the
COVID-19 pandemic.

5.3 Methods

This study employed a quantitative, observational, esestional design20. A non

probability purposive sampling method was used to recruit and select participants who met the

inclusion criteria. Participants recruited and included in the study were adults aged 18 years

and older diagnosed with HIV amattending HIV clinic. Exclusion criteria included adults who

presented with otorrhea on the day of testB@.[The study was carried out from September

2020 to December 2020 after receiving ethical approval from the Human Reg&ghics

Committee (Medical) of the University of the Witwatersrand: M190752. This was the GOVID

19 lockdown period when fade-face consultations at the otorhinolaryngology department at

the tertiary hospital were postponed because of the infrastruchaténges, which do not

permit social distancing. Therefore, service provision was restricted to patients requiring

emergency care.

El'igible participants were provided with th
purpose and nature of theudy. All participants provided a written informed consent.
Participants6é ears were assessed by a qualif
HIV clinic. Participants were only assessed if they were wearing face masks covering both the

mouthand the nose and did not have COVID related symptoms at the triage station. Each
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participant was sanitized before and after testing. The audiologist was also wearing personal
protective equipment (PPE) in accordance withiNtbgonalDepartment of Healtt8[L], which

include N95 face mask, face shield, plastic apron and gloves during testing. The role of the
audiologist was to capture the otoscopic images, save them in a folder for later analysis by the

two otorhnolaryngologists.

Video otoscopy using Firefly Wireless DE550 was used to capture all images. Captured images
were saved in one of the folders open specifically for this process. Upon completion of the
assessment, all images were sent to the two otoamymgologists via asynchronous tele
practice for analysis and diagnosis of middle ear integrity for possible patholdgje$He

two otorhinolaryngologists were blinded on the demographic and medical characteristics of the
partidpants. This method was used because it has been shown to have higher sensitivity and
specificity in identifying middle ear pathologieg, [33], it can be used where access to
otorhinolaryngology services limited or absenBy], and otorhinolaryngological analysis and

di agnosis of the middle ear function and pat

[35].

Statistical Analysis

Initially, all datawere captured on an excel spreadsheet (office 365) before converting it into a
software for analysis. The statistical software used was Stata version 15.2. Both descriptive
and inferential statistics were used to analyze data. Descriptive statisticsatla® alescribe

and summarize the characteristics and some features of the data, including demography and
middle ear functions of adults living with HIV. Frequencies and percentages for all categorical
variables were used. Continuous variables were surnatanising the median and interquartile

range. In order to determine the reliability of the measure used, amatdgereliability of the
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t wo otorhinolaryngologists was -vawsBwaed us
analysis to compare propimms was done using the Céguare test.

5.4 Results

A total of 134 adults (268 ears) diagnosed with HIV were assessed. The diagnosis outcome
from the two otorhinolaryngologists was classified into three categories: normal, abnormal,
and could not evaluatg€CNE). Where possible, otorhinolaryngologists provided the type of
middle ear pathology observed on video otoscopy. There were more females (64.18%, n = 86)
than males (35.82%, n = 48) in this study. The median age of the participants was 49 years with
an interquartile range of 457 years. The median age differences were not significantly
different between the two gender groups/§tue = 0.4367)Table 1 below summarizes the

diagnoses made by each otorhinolaryngologist.

Regardinghe left ear, majority of the participants had normal ears as determined by the two
otorhinolaryngologists. There were 7.46% (n = 10) participants with abnormalities from
otorhinolaryngologistl and 4.48% (n = 6) participants with abnormalities from the
otorhinolaryngoloist2; however, this difference was not statistically significant. Regarding the
right ear, majority of the participants also had normal ears. There were 5.57% (n = 8)
participants with abnormalities from the otorHemyngologistl and.48% (n = 6) participants

with abnormalities from otorhinolaryngologist2. There was no statistically significant
difference between the proportions of these abnormalities in the right ear from the two
otorhinolaryngologists. The significant associatiosarved was mainly due to the absence of
the wax outome in the males which gave «g@ue = 0.005 of the otorhinolaryngologistl and
p-value = 0.012 for the otorhinolaryngologist2. Regarding both ears, majority of the
participants had normal ears from wdetoscopic findings. There were 6.72% (n = 18)
participants with abnormalities from the otorhinolaryngologistl and 4.48% (n = 12)

participants with abnormalities from the oterfularyngologist2. There was no significant
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difference between the proportionfsthese abnormalities from the two otorhinolaryngologists.
The association of these abnormal outcomes and gender was marginal in the
otorhinolaryngologistl (@value = 0.065) and statistically significant in the
otorhinolaryngologist2 (walue = 0.017), wh females presenting with more middle ear

pathologies than males.

Inter -rater Reliability of the Measures

The two otorhinolaryngologists agreed on 78.49% (n = 205) of the total ears of patients
reviewed (Table 2). The random agement and perfect agreement of the two
otorhinolaryngologists was estimated to have a Kapa value of 0.5801 (58.01%). The amount
of agreement indicates that the hypothesis that otorhinolaryngologists are making their
determinations randomly can be rejectedalue\ 0.001. Regarding the left ear only, the two
otorhinolaryngologists agreed on 74.63% (n = 100) of the left ears with the random agreement
and perfect agreement estimated to have a Kapa value of 0.5569 (55.69%). The amount of
agreement was statisally significant, pvalue\ 0.001. Regarding the right ear only, the two
otorhinolaryngologists agreed on 78.36% (n = 105) of the right ears with the random agreement
and perfect agreement estimated to have a Kapa value of 0.6047(55.69%). The amount of

agreement was statistically significanty@ue\ 0.001.

The most common abnormality detected by otort@mgngologistl was otitis media with
effusion (OME) which accounted for 66.67% of the cases, while otorhinetgipgist2
detected chronic suppuradi otitis media (CSOM) which accounted for 58.33% of the total
abnormalities detected. However, there was a poor diagnostic agreement (k = 0.15) between
the two otorhinolaryngologists based on the nature of the diagnosis. Figelev provides a

summary of the nature of abnormal middle ear
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Table 5.1: Diagnosis made otorhinolaryngologist

Otorhinolaryngologistl

Otorhinolaryngologist2

Female n (%) Male n (%) Total n (%) Female n (%) Male n (%) Total n (%)
Left ear diagnosis
Could not evaluate 23(27.06) 14(28.57) 37(27.61) 21(24.71) 13(26.53) 34(25.37)
Abnormal 7(8.24) 3(6.12) 10(7.46) 4(4.71) 2(4.08) 6(4.48)
Normal 47(55.29) 28(57.14) 75(55.97) 51(60.0) 32(65.31) 83(61.94)
Wax 8(9.41) 4(8.16) 12(8.96) 9(10.59) 2(4.08) 11(8.21)
Total 85(100) 49(100) 134(100) 85(100) 49(100) 134(100)
Chi2 Rvalue 0.963 0.612
Right ear diagnosis
Could notevaluate 12(14.12) 16(32.65) 28(20.9) 16(18.82) 18(36.73) 34(25.37)
Abnormal 5(5.88) 3(6.12) 8(5.97) 4(4.71) 2(4.08) 6(4.48)
Normal 55(64.71) 30(61.22) 85(63.43) 53(62.35) 29(59.18) 82(61.19)
Wax 13(15.29) 0 13(9.7) 12(14.12) 0 12(8.96)
Total 85(100.0) 49(100) 134(100.0) 85(100) 49(100) 134(100.0)
Chi2 Pvalue 0.005 0.012
Overall ears diagnosi
Could not evaluate 35(20.59) 30(30.61) 65(24.25) 37(21.76) 31(31.63) 68(25.37)
Abnormal 12(7.06) 6(6.12) 18(6.72) 8(4.71) 4(4.08) 12(4.48)
Normal 102(60.0) 58(59.18) 160(59.7) 104(61.18) 61(62.24) 165(61.57)
Wax 21(12.35) 4(4.08) 25(9.33) 21(12.35) 2(2.04) 23(8.58)
Total 170(100) 98(100) 268(100) 170(100) 98(100) 268(100)
Chi2 Pvalue 0.065 0.017

The bold indicates significant of the numb

Table 5.2 Agreement table of the two diagnostic tests

ENT2 Could not evaluate Abnormal Normal Wax Total Percentage agreemen Kappa value P-value
ENT1

Overall test agreemel

Could not evaluate 40 6 16 65 78.49% (n = 205) 0.5801 <0.0001
Abnormal 4 5 9 0 18

Normal 19 1 140 0 160

Wax 5 0 0 20 25

Total 68 12 165 23 268

Left earagreement

Could not evaluate 21 3 11 2 37 74.63% (n =100) 0.5569 <0.001
Abnormal 2 3 5 0 10

Normal 8 0 67 0 75

Wax 0 0 9 12

Total 34 6 83 11 134

Right ear agreement

Could not evaluate 19 3 5 28 78.36% (n = 105) 0.6047 <0.001
Abnormal 2 2 8

Normal 11 1 73 0 85
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Wax 2 0 0 11 13
Total 34 6 82 12 134

The bold indicates significant of the number
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Figure 5.1: Distribution ofabnormalities as detected by each otorhinolaryngologist

pathologies diagnosed by each of the participating otorhinolaryngologists.

5.5 Discussion
Despite the challenges that health care providers faced during initial implementation phases of

tele-pradice, the use of telpractice has increased rapidly since COMI®outbreak27]. One

of the primary reasons for this exponential use ofpedetice was the need to reduce the risk

of contracting and spreading COVID19, particlylan patients who are at an increased risk

for developing severe ilinesses. Ohannes&) feported that telgractice can be used in
situations where healthcare facilities are under partial or complete quarantine, and therefore

patients cannot access healthcare services.

This study investigated the use of tplactice in assessing middle ear pathologies in adults

living with HIV during COVID-19. Findings of this study demonstrate that-pekectice; in the
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form of asynchronousele-audiology via video otoscopy can be used to assess middle ear
function and pathologies in this population. Otorhinolaryngologists in this study were able to
diagnose various middle ear pathologies. The most diagnosed middle ear pathologies in adults
living with HIV in this study were OME and CSOM. These findings are consistent with
previous researcty[8, 37i 39, indicating that OME and CSOM are commaradults living

with HIV. Therefore, these findings support and call for widespread use qirtaitéce for

assessment of middle ear pathologies in this population.

In this study, there were more females than male participants, with females pregathting
significantly more middle ear pathologies than males. Tshifularo and colle&}segdested

that female predominance in research may be due to the fact that females tend to seek medical
help earlier than men. While other dies on middle ear and HIV also reported that it is
common for female participants to be significant more than maJ&s 38], these studies did

not determine the effects of gema& middle ear function in adults living with HIV. In studies

on HIV negative control group, results on the effects of gender on middle ear remains
conflicting. Therefore, there is a need for large scale longitudinal studies to determine the

effects of gader on middle ear pathologies in adults living with HIV.

Although the two otorhinolaryngologists were able to diagnose various middle ear pathologies
through asynchronous tepgactice, the interater reliability of the two otorhinolaryngologists,
usingKappa statistics was low. For example, the overall agreement diagnoses for the abnormal
results was considered moderate (k = 0.58); while the agreement diagnoses for the nature of
the abnormality (e.g. OME versus CSOM) was poor (k = 04®) These findings differ from
previous research/] 16|, which found the agreement diagnoses between two independent

otorhinolaryngologists were substantial (k = 0.74 and k = 0.7 respectively). The lowateter
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reliability between the two otorhinolaryngologists obtained in this current study may have been

influenced by various factors.

There were a number of pequality images in the sample. Otorhinolarynogologistl could not
evaluate 25.25% (n = 65) of the ears, while otorhinolaryngologist2 could not evaluate 25.3%
(n = 68) of the ears. In some casess¢éhrumber of poequality images were exacerbated by

the presence of cerumen in the external ear canal (EAM). Cerumen impeded visualization of
the tympanic membrane in 9.3% (n = 25) and 8.6% (n = 23) for the two otorhinolaryngologists
respectively. The paauality of images produced in this study may be due to the type of video
otoscopy used. Research has already indicated that different video otoscopic instruments
produce different quality imaged], 42]. In a study conducted by Sebothoma and Khoza
Shangase7], an Otometrics Aurica Otoam 300 was used and it produced lower percentage
(13%) of poorquality images. However, the current study used Firefly Wireless DE550, while

a stuly by Biagio et al.33] used a Welch Allyn digital MacroView Video otoscope.

These findings raise implications for the type and quality of tools and instruments used during
asynchronous telpractice. The use of instruments tbatnot produce quality images prohibits
clinicians who are not physically present with the patient to make appropriate diagnoses,
especially early signs of middle ear pathologies. Current authors suspect that part of the reason
less severe form of middl@epathologies such as acute otitis media (AOM) were not identified

in this population may be due to pequality images driven by the quality of the instrument
used. In a study by Sebothoma and Khhangaser] where a number gfoorquality images

were lower (13%), less severe middle ear pathologies were also commonly identified. It is
therefore crucial that an instrument used during asynchronougréaece produces quality

images in order to improve diagnoses and interventawver and above training of site
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facilitators on cerumen management to ensure that additional obstructions are removed before

images are taken.

Ibekwe and Fasunlad$] suggested that given the shortages of otorhinolaryngolomists
LMICs, there is a need to develop saffisessment applications that can be used for tele
otorhinolaryngology. These sedpplications can be used by patients as part of the new
technological development and testifting paradigm to increase the usetelle-practice.
English and colleagued4] assert that COVIEL9 challenges health systems to introduce new
technology and change work patterns, including task shifting. KBbaagase and Sebothoma

[45] also argue for a task shifting paradigm in resource constrained environments as a method

to reach those who do not have access to healthcare.

Instruments that produce quality images may not only be useful fepridtice, but also for

the new and emergirtgchnology under the auspices of fourth industrial revolution (4IR). For
example, emerging research has already explored the feasibility and applicability of using
artificial intelligence (Al) based systems that can be used to identify middle ear paholog
[46, 47]. These Al based systems use image analysis classification of the tynmeanbrane

(TM) to identify middle ear pathologies. The accuracy of this system was found to have a
higher sensitivity (8.84%) in identifying patterns of middle ear pathologies. However, the
successful use of these Al based systems will also require quality images in order to make
appropriate diagnoses. Therefore, it is crucial to use instruments that produce quality images

for early identification and intervention to be implemented.

Limitation of the Study

Although the current study provided some insights into the use of telepractice in the assessment
of middle ear function in adults living with HIV during the COVI® pamemic, there are

notable limitations. Firstly, the poor diagnostic agreement (k = 0.15) between the two
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independent otorhinolaryngologists may have been due to poor quality of video otoscopic
images captured during the assessment. These poor qualitiee@fotoscopic images raise
important clinical implications. It is crucial that facilitators use equipment that captures quality
video otoscopic images to enhance the diagnosis of middle ear pathologies. Although OME
and CSOM are both considered to be malganced forms of middle ear pathologi&§][

these types of pathologies are different and require different intervendiéjst herefore,
misdiagnosing any of these pathologies may have dire consequences for the patient, hence the
importance of good quality video capturing equipment, as well as comprehensive training of
the site facilitators on how to properly capture cleae@idtoscopic images that can be used
asynchronously for the diagnosis and subsequent intervention of middle ear pathologies.
Lastly, this study utilized exclusively asynchronous telepractice, where otorhinolaryngologists
independently assessed video otpscamages and made the diagnoses of middle ear
pathologies based solely on that, without conductingeirson assessments on the same
sample. This is an acknowledged | imitation
confirm the telepractice ridings; however, due to COVHDO this was not done. Although
asynchronous telepractice has been found to be comparable withpamrsam or onsite
otomicroscopic diagnosed§, 33], in person assessment biorhinolaryngologists may still

be required as gold standard assessment to mitigate the limitations created by asynchronous
methods. Future studies, in the absence of the C&ldIpandemic limitations, should utilize
in-person assessment as well to coraphe findings.

5.6 Conclusion

The findings of this study indicated that tele practice can be used to assess middle ear
pathologies in adults living with HIV during COVHD9 pandemic. Asynchronous teleactice

is particularly useful irtountries where resources are limited and can assist patients to receive

early identification and intervention. Given that the most diagnosed middle ear pathologies in
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this study were advanced or severe forms of middle ear pathologies such as CSOM, and the
fact that the prevalence of HIV is high, current findings call for widespread use-pfaelece

to identify early signs of middle ear pathologies. However, the success for asynchronous tele
practice in assessing middle ear pathologies in adults Iwitiy HIV during COVID-19
pandemic, is determined by the type of instrument used to capture quality images of the
tympanic membrane, and professional training of otorhinolaryngologists on the use of this
model of service delivery. In LMICs, where tgdeacice may continue beyond COVID9
pandemic due to shortages of otorhinolaryngologists and access problems, the implications

raised in this study are crucial and need to be addressed urgently.
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CHAPTER SIX

THE SENSITIVITY AND SPECIFICITY OF W IDEBAND

ABSORBANCE MEASURE IN IDENTIFYING PATHOLOGIC

MIDDLE EARS IN ADULTS LIVING WITH HIV

(Reprinted with prmission, see Appendix)Q

6.1 Abstract
Background: Limited research exist®n the sensitivity and specificity of wideband

acousticimmittance (WAI)in adults living with human immunodeficiency virdsl1V).

This study forms pardfthebi gger study titl ed Oiwadditsband

living with H1 V 6 .

Objectives: To determine the sensitivity and specificity of the widebahdorbance
measure at tympanic peak pressure (TPP), as a screening tool for detecting middle ear

pathologies in adults living with HIV.

Method: A prospective nonexperimental study comprisg®pdults living withHIV was
performed.All participants underwerd basic audiological test battery whiehcluded
case history, video otoscopy, tympanometry, wideband absorlaarideP anguretone
audiometry.Middle ear pathologieswere establishedby two otorhinolaryngologists using
asynchronosl video otoscopic images analysiShe outcomesof the otorhinolaryngologists
served as the gold standard against whicthe wideband absorbancat TPP and
tympanometry were measuretihe receiver operating characteristics (ROC) cuwas

calculated.

Results:ROC revealed the sensitivity of wideband absorbance at TPP to be higheton low
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mid frequencies, but significantly lower in frequencies above 971.53 Hz. The sensitivity of
tympanomaty was lower. However, there was no difference between the specificity of
wideband absorbanet TPP andympanometry, indicatinthat when there amo pathologies,

tympanometry is equally accurate.

Conclusion: The current findings reveal that widebandatbance at TPP can distinguish
middle ear pathologies better than the tympanometry. Incorporating wideband absorbance at
TPP in clinical practice may improve early identification and intervention of middle ear

pathologies.

Keywords: adults; HIV; middle ea pathologies; sensitivity; specificity; wideband

absorbance at TPP
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6.2 Introduction
Although there have been global efforts to eradicate HIV using antiretroviral th@&@&py

(Mwaba, Ngoma, Kusanthan, & Menon, 2015) and other preventative measures (Williams et
al., 2006), there has been consistent patterm the literature linkingHIV with middle ear
pathologiegSebothoma & Khoz&hangase, 2020; Tshifularo, Govender, & Monama, 2013;
Van derWesthuizen, Swanepoel, Heinze, & Hofmeyr, 2013). Unfortunately, the persistence
of middle ear pathologies in individuals living with HIV seemstxur despite the efficacy

of ART. Therefore, there is a need for early identification measures for the prevention or

reduction of the sequelae of middle ear pathologies associateHWith

Several middle ear pathologies have been reported in thatditer Commonly reported
middle ear pathologies in adults living with HIV range from acute otitis media (AOM),
recurrentotitis media (ROM), otitis media with effusion (OME) to chronic suppurative otitis
media(CSOM) (Sebothoma & Khoz&hangase, 2018; Téuilaro et al., 2013). If middle ear
pathologies are left undetectadduntreatedr detectedate,they caninvadeotherauditory
compartmentge.g.,inner ear),causepermanentauditory damage(Kolo, Salisu, Yaro, &
Nwaorgu,2012)andlife-threatening conditionsuchasintracranialcomplicationglbrahim,

Cheang& Nunez,2010).

Consequencesf hearingimpairment have beendocumented (Anderson, Paeb&lark,
White-Schwoch, Drehobl& Kraus, 2013), which show perception of speech challemges
background noise that may continue despite amplification. Consequently, this may affect
overall communicatioandcontribute to the development of psychosocial problems le&aling

a reducedquality of life (Ciorba,Berto, Borgonzoni, Grasso, & Martini, 2007). Permanent
hearing loss maglsohave financial implications for individuals and tbeuntry (Kuchkin,

2018). A systematic review indicatmtpermanenhearinglossis associateavith billions of
dollarsin excess cost in the United States of America (Huddié,2017). Early identification
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of middle ear pathologidastherefore crucial.

While less severe forms of middle ear pathologies as8l®M can be treated effectively with
simple antibioticsat primary health care (PHC) centres, chronic midetiepathologiesare
oftendifficult to treat. Thesepathologiesmayrequire specialised sgces that are commonly
foundin tertiaryhospitalorin theprivatehealthcarsectorgspecially within the South African
context (Fagan & Jacob2009). Access to such services is therefore limited becatfise
capacity versus demand challenges (KhShangase2021).Consequently, individuals may
opt f-br e & tugmgvariods hazardous methods (Joubert, Sebothorkaate,2017)

that are known toause or exacerbate auditory conditions. Simple and affordable measures

thatcanaccurately identify early signs of middle ear pathologresrucial.

Tympanometry with single probe tone frequeney (226Hz) remainsaroutineaudiological
measuredor assessing middle ear pathologies (British Society of Audiol@A], 2013,
MacDonald & Green, 2001; Sebothoma kKhoza Shangase?2021) becauset is easyto
administerand produces objective results. However, several studie®& demonstratedhat
tympanometry with a single probe tone is most likely to miss many middle ear pathologies
or inaccuratehdetectthem (Kaf, 2011; Sebothoma & Khe&hangas€018;Shahnaz, Bork,
Polka, Longridge, & Bell, 2009). Subjective clinical examination techsique reported to

have higher sensitivity and specificity than the stantiamgpanometryvith asingleprobetone
frequency(Khater,Fahmy,Shahat& Khater, 2015), and these measures require specialised

skills currently only possessed by physicians sasdiorhinolaryngologists.

With the continued shortage of otorhinolaryngologists in developing countries such as South
Africa (Fagan & Jacobs, 2009), the udesubjective clinical examination technique can delay
the diagnosis of middle ear pathologies and render early identification and management

impossible. Therefore, there is a need for measures that can combine simplicity, accessibility
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and high sensitity and specificity in these contexts.

Wideband acoustic immittance (WAI) has emerged as a potential measure that can accurately
identify pathologic middle ears (Hunter & Shahnaz, 20%anford, Hunter, Feeney, &
Nakajima, 2013). All these studies haveared that WAL is superior in identifying middle

ear pathologies than the standard tympanometry with single obelerzi et al. (2015)
reported a sensitivity of 100% afd%when wideband average (0.375 KH2.000 KHz) is
used.Other studies have reped that WAI can also predict conductive hearing loss (CHL)
(Keefe, Sanford, Ellison, Fitzpatrick, & Gorga, 2012; Prieve, Feeney, StehafShahnaz,
2013).Keefeetal. (2012)foundthatWAI canpredict the presence and magnitude of CHL of

airbone gafABG)t hat O 20 dB at Kfzr equencies above 0.

The superiority of WAI over standard tympanometry with single probe tone is attributed to
its clinical parameters. Wideband acoustic immittance std®slli with broad spectrum such

as clicks assessed over a wide range of frequencies, typically from 220 Hz to 11 000 Hz to
measure middle ear functioning (Margolis, Saly & Keefe, 1999). Unlike tympanometry with
single probe tone, WAI is also shown to lieato measure the resonance frequency (RF) of
the middle ear system. This renders the measure more sensitive and specific and therefore
arguably appropriate for early detection of middle ear pathologies in the population most at
risk of these conditiongdowever, there is limited research on the sensitivity and specificity

of WAL in identifying middle ear pathologies in adults living with HIV. Hence, the importance

of this study, which intends to contribute to the existing body of knowledge regarding the
sensitivity and specificity of WAI. This is crucial in South Africa where there is a high burden
of HIV disease. Therefore, the aim of this study was to determine the sensitivity and
specificity of the wideband absorbance measure at tympanic peak preEB&Mg &s a

screening tool for detecting middle ear pathologies in adults livingkiiih
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6.3 Methods
6.3.1 Research Design

This study employed a prospective, rexperimental design (Leedy & Ormrod, 2013). Data
for this study was quantitative and variblof interests were described without any

manipulation (Irwin Pannbacker, & Lass, 2014).

6.3.2 Participants

Non-probability purposive sampling was employedétectand recruit potential participants
(Leedy & Ormrod, 2013). Purposive sampling was deemed appropriate as it allows the
researcher to carefully select participants who exltii@tharacteristics that are important

and useful for thestudy(Leedy & Ormrod, 2013). In this study, for exampleg inclusion
criteria were that participants had to &#gultsdiagnosed with HIV. Several advantages of
purposive sampling are documented in the literature. Purposive sampling is a more convenient
and costeffective method to ughanothersamplingmethodsPaticipantswereavailable at

the HIV clinic and could be easily invited to participate in the study. The disadvantage was
that nonprobability sampling methods do not allow the researcher to generalise the findings
to a larger population (Leed Ormrod, 2013). Participants were adults aged 18 years and
older diagnosed with HIV, attending the NMC. Those who did not have otorrhoea on the day

of testing, were invited, agreed and signed an informed consent form.

All participantavereblack Africanswith similarsocioeconomic backgrounds. This selection
was performed becausesearch has indicated that people from different etbracips
(Shahnaz Bork, 2006)andsocioeconomigroups(Siddartha, Bhat, Bhandary, Shenoy, &

Rashmi, 2012) may have slitjhdifferent middle eafunction.

6.3.3 Research context
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This study was conducted in one of the HIV clinictheLimpopo province in South Africa.
The clinic establishednaudiology clinic, which offers various audiological services. The
clinic is oneof thefew in the countryto haveobtainedan immittance machine, which can be
used for wideband absorbance measurements. Therefore, the chtheestofly site was

based on the availability of equipmemidpopulation being served at toknic.

6.3.4 Procedure

All participants underwent a basic audiological test battery, which included case history
information using a selfdeveloped abstraction sheet, video otoscopy using Aurica otocam
300. Tympanometry with 226 Hz probe tone and widdbabsorbance at TPP were
performed using a Titan Interacoustic, Denmark, version 1.5. Pure tone audiometry was
conducted using an AD 629 diagnostic Interacoustics audiometer with Sennheiser HA 200
supra aural headphones and Radio Eaf7B bone conductorAll these audiological
equipment were calibrated 6 months prior the commencement of the $aumhafy2018).
Speech reception thresholds (SRTs) were performed using the South Sfrmadaid SAS)
wordlist (Hanekom, Soer, & Pottas, 2015). The Titan nrazhvas connected to the Acer

laptop via a USRable.

An appropriate probe nub that provided a better hermetic seal was used to measure
tympanometry using a 226 Hz probe tone and wideband absorbance at TPP. A single low
frequencyprobetone of 226 Hz at an intensity of 85 dB sound pressure level (SPL) was
presented into the ear. To generate tympanograrassurevassweptfrom +200to 1400

daPa. Acoustic compliance, pressure (daPa) and ear canal volumes (ECVs) were analysed to
determine theabsence of a type A tympanogramthe presenceof type As, Ad, B or C
indicative of middle ear pathologies. Normative values that were usketdominethetype

of tympanogranwerethoseof theBSA (2013). Values that were within the normative range
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were codedas 1, indicatingthe absenceof middle earpathology; whilevaluesthatwereout

of thenormativerangewerecoded 2, indicating the presence of middlepedahology.

Wideband absorbance at TPP was conducted by changing the function on the Titan
equipment. Wideband absorbance at TPP is conducted by varying pressure in the external
auditory meatus from +200 300 daPa at theate of200 daPa/s. Wideband absorbance

measire was conducted at TPP because the tympanic membrane is at maximal mobility during
TPP (Feeney & Sanford, 2012). Data were collected at 107 frequencies from 0.226 kHz to 8

kHz. However, frequencies were reduced to 16 at 1/6th octave for statisticalgmaigoses.

The researchers used pure tone thresholds to detethereearing sensitivity of each
participant. Air andoneconduction thresholds were measured across 2508800Hz and
250 Hzi 4000 Hz frequencies, respectively. ABGo f O 1 Oused ® deteanine the

presence of middle ear pathologyd.,CHL or mixed hearing loss) (Kram&rBrown, 2019).

All video otoscopic images were sémtwo otorhinolaryngologists usingsynchronouésave
andforward) telepracticeechniquegBiagio, Swanepoel,.aurent,& Lundberg, 2014)The roles

of theotorhinolaryngologista/ereto analyseand makeliagnosesf middleearpathologiebased
onvideo otoscopic imagefheseaesults servedsthe goldstandard againsthichto measurghe
sensitivityandspecificity of the tympanometrwith 226Hz probe tone andiideband absorbance

at TPP. Themotivationfor utilising video otoscopic analysis through asynchronous telepractice
methodasa gold standardvas basedn clinical practice in Souh Africa, where the diagnosis
for middle ear diseases made by otorhinolaryngologists is considered to be the gold standard
(Biagio, Swanepoel, Adeyemo, Hall, & Vinck, 2013). Tdiagnosesf middleearpathologies
that were performedthrough the analysisof asynchronous/ideo otoscopicimagesby the
otorhinolaryngologiste/ere foundo besimilar(k = 0.7)to thosemadevia otomicroscopy (Biagio

etal., 2014)As aresultof the scarcityf otorhinolaryngologists SouthAfrica, amoreconvenient
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method, with a similar level of accuracy was chosento serve as a gold standard.
Otorhinolaryngologistsn this study were blinded on the demographic characteristicd the

participants, recordingndinterpretatiorof thediagnoses.

6.3.5 Reliability and validity

Testi retest reliability was achieved by conducting a pilot study prior to the main study
(Satake, 2015). This pilot study wasnductedvith five adultswho mettheinclusioncriteria

of the main study (Sebothoma & Khe3aangase, 2018All the audiologicaltestswere
performedby thefirst authorwhois also an experienced clinical audiologist. Each participant
was tested individually in a sound treated roomtha audiology department at NMC.
Calibration of all equipment wasarriedout beforethe commencementf the study,in line

with theAmericanNationalStandardnstitute(ANSI, 2004).Daily biological calibration was

also conductedvery daybeforetestingparticipant§Wilber & Burkard,2015).

6.3.6Data analysis

Statistical analysisvas performed using Statistical Package for Sa8@kencg SPSS)yersion
24(Chicago]L). Descriptiveand inferentiadtatisticsvereemployedTheotorhinolaryngologists
usedaqualitative methotb analysehestructure, thickness, coloandpositionof thetympanic
membrang¢o make diagnosesf anymiddleearpathology(Biagioetal.,2013).Forthepurpose

of this study, middle ear pathologieswere not pre- defined; instead, were diagnoskey the

ot orhinolaryngol ogists using asynwisusedwo us
evaluateheagreement diagnosis betwebatwo otorhinolaryngologists (Sebothor&aKhoza
Shangase, 2018)The overall test performancef wideband absorbancat TPP and
tympanometry witl226 Hzprobe tonevasevaluated by using receiver operating characteristics
(ROC).The (AUROC) curveand 95%confidence interval (Cl) were calculated automatically

on SPSS versior24. Chisquaredwas also usedo determinethe association betweethe
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diagnosis made betwedhe two otorhinolaryngologistsand hearing loss with conductive

component.

6.3.7Ethical considerations

This research project was approved by the Human Research Ethics Committee (HREC)
(Medical) (M160663) otheUniversity of the Witwatersrand, Johannesburg. Permission was
granted by the provincial Department of Hedltie Limpopo province) ad by the chief
executive office(CEO)of NMC. All participants gave written consent before commencing
with thetests.

6.4 Results

Of the 198 ears included in the study, tiwe otorhinolaryngologists initially excluded 25 ears
(13%) ofthevideo otoscopic images because of poor visualisatitimedympanic membrane

and wax. Of the 173 ears, Cohends Kappa reve
made by twaotorhinolarymologists kK = 0.7). Another 12 ears (7%) were excluded from

the study because the two otorhinolaryngologists were not in agreemetitesditignoses of

the middle ear pathologies in these patients. Theredotaetal of 161 ears were finally
included in the study, 17 had abnormalities (11%) and 144 maeraal (89%). Middle ear
pathologieghat werediagnosedby the otorhinolaryngologists during analysis inclu@dE (n =

5), retracted tympanic membrane= 4), tympanic membrangerforation (i = 3), CSOM f

= 2), tympanosclerosis € 1), tympanicmembranescarring(n = 1) andotitis externan = 1).

Tablel indicateshediagnoses madey eachotorhinolaryngologistA total of 161ears(87

adults)were finally analysednddiagnosedy thetwo otorhinolaryngologists.

Table 2 and Table 3 summarises the results indicated in the area under the curve that was used
to determine the specific coff values to determine the sensitivity and specificity of

wideband absorbance at TPP, tympanometry with 226 Hz probe tone and pure tone
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audiometry. Table 4 classifies teensitivityandspecificity of wideband absorbance measure

in identifying middle ear pathologies in different frequencies. As the purposesitithewas

to determine whether wideband absorbance at TPP has high sensitivity and specificity for
identifying middle ear pathology, the criterion usedelectcut-off valuesinvolvestheuseof

the ROC curve to select the point where the productth@d two indices (sensitivity and
specificity is maximum). These values were then used to determine the sensitivity and
specificity of wideban@bsorbancat TPP.Theprocedurdor determining the sensitivity and

specificityof tympanometrysing a 2264z probe tone and pure tone audiometry siaslar.

The sensitivity of wideband absorbancat TPP washigher (59% 1 82%) in low to mid
frequencieq226 Hz i 971.43Hz), but significantly lower (23.5%) at frequenciesabove
971.43Hz (see Table3). TheMann Whitney U test(Nachar, 2008) revealed a statistically
significant differencef < 0.05) between the sensitivity of wideband absorbance at TPP and
the sensitivity of tympanometry with226 Hz prone tone, especialljn low to mid
frequencies.The specifcity of wideband absorbancat TPP wasgenerally high across
frequencies. Theravas no statistical difference betweenthe specificity of wideband

absorbancat TPPandthespecificity of tympanometry using 226 Hzprobe (93.8%).

The sensitivity and spdaiity of pure tone audiometrin detecting middle ear pathologies
were also establishe@ihesensitivity of pure tone audiometry using the ABG as an indicator
was 17.6%, while the specificity of ABG wdd4%. The Chisquared analysis revealed that

there wasastatistically significant associatiop € 0.62) betweemiddle
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Table 6.1 Summary of video otoscopic diagnoses

Otorhinolaryngologist Normal ears Abnormal ears

n % n %
Otorhinolaryngologist 1 158 91 15 9
Otorhinolaryngologist 2 150 87 23 13

Table 2: Area under the curve for wideband absorbance measure

Frequency AUROC 95% Cl

226.00 0.591 0.452 0.731
363.91 0.600 0.473 0.726
514.65 0.629 0.512 0.747
667.42 0.641 0.520 0.761
793.70 0.631 0.502 0.759
971.53 0.581 0.432 0.730
1155.35 0.452 0.288 0.616
1414.21 0.446 0.293 0.599
1781.80 0.493 0.339 0.647
2058.60 0.448 0.284 0.612
2519.84 0.441 0.282 0.599
3084.42 0.465 0.305 0.625
3775.50 0.416 0.271 0.560
4495.80 0.438 0.309 0.567
5495.80 0.417 0.251 0.584
6535.60 0.346 0.211 0.481

AUROC, area under the ROC; CI, confidence Interval.

TABLE 3: Area undethe curve for tympanometry witB26 Hz ancpuretoneaudiometry.

Test AUROC 9.5% Cl
Tympanometry with 226 Hz probe tone 0.61 0.432 0.788
Puretone audiometry 0.560 0.406 0.715

AUROC, area under the ROC; CI, confidence Interval.
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Table 6.2: The sensitivity and specificity of wideband absorbance measurements

Frequency Cut-off value Sensitivity (%) Specificity (%)
226.00 0.135 59 65
363.91 0.280 77 41
514.65 0.435 71 46
667.42 0.704 82 39
793.70 0.641 65 60
971.53 0.727 71 53
1155.35 0.614 30 83
1414.21 0.592 23.5 85
1781.80 0.556 23.5 81
2058.60 0.497 23.5 87
2519.84 0.541 23.5 82
3084.42 0.346 23.5 90
3775.50 0.249 18 83
4495.80 0.524 88 20
5495.80 0.139 23.5 88
6535.60 0.079 12 90

ear pathologies as identified by the otorhinolaryngologists analysis and actual diagnosed

conductive pathology (conductive and mixXeshring loss).

6.5 Discussion
This study evaluated the sensitivity and specificity of wideband absorbance at TPP compared

with the standard tympanometry with 226 Hz probe tone in adults living with HIV. To the
knowledge of the authors these are the fesults of wideband absorbance at TPP in adults
living with HIV to date. Although various types of middle ear pathologies may differentially
influence the mass and compliance component of the middle ear system and may potentially
be a major factor contribiag to the difference in sensitivity and specificity, the prevalence

of specific middle ear pathologies in this study was significantly tow13). As a result, the
sensitivity and specificity of wideband absorbance at TPP could not be linked to specific
middle ear pathologies. Instead, the researchers ended up with two categories, indicating

O6presenced or OGabsencebé6 of middle ear patho
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investigate the sensitivity and specificity of wideband absorbancePainTdriults living with

HIV for specific middle eapathologies.

The sensitivity of wideband absorbance at TPP was generally higher than the sensitivity of
tympanometry with 2264z probetone and pure tone audiometryin detectingmiddle ear
pathologiesHowever thespecificityof widebandabsorbance at TPP was comparable to the
specificity oftympanometryvith 226 Hz probe tone. The findings of this study are consistent
with previous studies, which indicated tRAtAI absorbance or reflectamds superior in
detectingmiddle ear pathologies comparedvith tympanometrywith single probe tone

(Terzi et al., 2015). Shahnaz et @009)observed that tympanometry with a 226 Hz probe
toneis less sensitive to middle ear pathologies, whicmolseverely affect the mechanical
properties of the tympanic membrane such as otosclerosis. Often these pathologies alter the
RF but may retain the normal functioningtb&tympanic membrane (lacovou, a4tarakos,

Ferekidis,& Nikolopoulos, 2013).

While the sensitivity and specificity of wideband absorbance at TPP was generally higher in
this study; it is lower comparedth previousstudiegBeers ShahnazaNesterberg, & Kozak,

2010; Terzi et al.2015). This variation may be attributed to various factors. Firstly, the
AUROC values were obtained, which were used to generateffculues that were
generally lower in this study compared with previous studies. For example, a minimum
AUROC of 0.56 andmaximum of 0.98 across a frequency spectrum (BI25 8.00KHz)

was found by Terzi et al. (2015), which indicate a good diagnostic test in distinguishing
pathologic ears from nepathologic ones. However, in this study, AUROC values 0fi0.41
0.64 were olatined across the frequency spectrum (0.25 200 KHz). These AUROC

values have facilitated the selection of maximum sensitivityspedificity.

The reasons for obtaining such small AUROC values in this study are not clear. Perhaps
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using thediagnoses and analyses of otorhinolaryngologist as a gold standard may have been
a confounding factor. Otorhinolaryngologists used video otoscopic images to analyse the
structure and colour of the tympanic membrane to make the appropriate diagnosesrHoweve
wideband absorbance at TPP as part of the acoustic immittance relies on the mechanical
aspect of middle ear system (Beers et al., 2010). Literature suggests that there are certain
middle ear pathologies that do not affect mechanical aspects of tbkerea system, and
therefore acoustic immittance measures may miss these pathologies (Kaf, 2011; Sebothoma
& KhozaShangase, 2018). Despite this limitation, results have still indicated wideband
absorbance at TPP to be a better measure of detecting re@ldjgathologies than the

standard tympanometry using a 226 Hz pradree.

Research suggests that thé&eanassociation betweeHIV and middle ear pathologies
(Sebothoma & Khoz&hangase2018). Unfortunately, these pathologies permdéstpitethe
effecivenessof ART treatment. Givernhefact thatHIV continuesto increase, especially
in developingcountries (Joint United Nations ProgramaoreH|V/AIDS [UNAIDS], 2018)
combined with shortagesf health professionals (Mulwafu, Ensink, Kupe& Fagan,
2017), there is a needto usemeasures that have higdensitivity and specificity in
identifying middleearpathologiesWideband absorbaned TPPoffersthe possibility of
accurately identifying pathologic middle ears tltauld not beidentified throughthe use

of tympanometrywith 226 Hzprobe tone, thereby facilitating eailytervention.

These findings support evidence suggesting that wideband absorbance measures can improve
early identificationof middle ear pathologies (Terzi et al., 2015pecially in individuals

who are prone to infection. However, thatternof sensitivities across frequencies in this

study was different from other studies (Beers et al., 2010; Terzi @0ab).Although the

RF in this study was not calculated, thereat findings suggest that wideband absorbance
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at TPPalone maylsomisspathologiesffectingthe RF, which sometimes can be detectable
above 971.43 Hz (Ozgur et €2016).Therefore, wideband absorbance at TPP may need to
beusedin conjunction with other measures in order to impready identification in adults

living with HIV. Therefore, further studies are needed in #nea.

Clinical implications

The literature suggests that individuals living with HIV are at increased risk of middle ear
pathologies compared with HIV negative control group (Sebothoma & K8baagase,
2018;Tshifularoetal., 2013).Middle earpathologie®of theseindividuals vary depending on

the number of CD4 cells in the body (Obasineke, Amdi, Ibekwe, Ezeanolue, & Ogisi, 2014;
Van der Westhuizen et al., 2013). Some of these pathologies may be missed when using
tympanometry using a 226 Hz probe tone. Sebothomi&hnzaShangase (2018pserved
thattheuseof tympanometrysinga226Hz probetonein identifying pathologicmiddleears

is ineffective in individuals living with HIV. Despite the difference between the finding of
this study and previoustudies the recommendation is still made that wideband absorbance
at TPP may be useful in clinical practice. Audiologists may be able to identify early signs of

middle ear pathologies and offer opportunities for timdotesventions.

Some middle ear patlagies can be successfully treated at PHC centres with antibiotics.
However, severe middle ear pathologies may require specialised services, which are limited
in developing countries (Fagan & Jacobs, 2009). The utility of WAI in clinical practice may
potertially improve early identification and reduce these challenges. With the current
proposed model of service delivery in resoummanstrained environments, which involves

the use of specialised technology (Swanepoel & Clark, 2018), wideband absoneasce

canbe embeddedn theseprogrammes, increase access to hearing healthcare and thereby

reduce costs associated with traveling long distances for treatment. Although there is a
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promising prospect of using WAI, especially for the identificatiomafdle ear pathology

in developing countries and can be carried out without otorhinolaryngologists and
audiologists, it may not be considered because of its expense. While testing may take a couple
of seconds to complete, trained audiologists are needed tlhuctothese tests, and the
equipment for measuring wideband absorbance measure is considerabéxpemsveand
moresophisticatedo operatecompared with conventional screening tympanometry. It is not

yet known whether paraprofessionals caffiectively conduct and interpret wideband

absorbance measures.

Much work still needs to be carried out. Increased sampleisi¥¢al studiesmayenable
generalisabilityFurthermore, studies on WAI must include an HIV negative control group

in order to nake a comparison of wideband absorbance patterns in adults living with HIV.

As acoustic reflex thresholds were not conducted as part of the middle ear assessment, further
studies need to include ART in order to improve the accuracy of identifying middle ea
pathologies. Lastly, studies on wideband absorbance measure must also measure ambient
pressure (Hunter & Shahnaz, 3)which providegrucialinformationaboutthemiddleear

mechanics.

6.6 Conclusions
The findings of this study reveal that wideband absorbanc&@R#® canshow middleear

pathologies better than the conventional tympanometry22@Hzprobe tone. Givethehigh
prevalenceof HIV in South Africa,and itscontinued linko thedevelopmenof middleear
pahologiesjncorporating widebanabsorbanceeasurén clinical practicemayimprove early
identificationof middle ear pathologiesandoffer these individualghe opportunityto receive
timeous intervention. However, wideband absorbance measwgsieedto be usedin
conjunction with other measures, whastemore sensitivéo middleearpathologies that have
not yetaffectedthe mechanical propertiesf thetympanianembrane.
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CHAPTER SEVEN

WIDEBAND ABSORBANCE MEASURE IN ADULTS LIVING

WITH AND WITHOUT HUMAN IMMUNODEFICIENCY

VIRUS

(Submitte)

7.1 Abstract
Abstract

Objective: To determine the characteristics of wideband absorbance measure in adults living

with and without HIV.

Study design A quantitative crossectional design

Setting: Academic Hospital in Gauteng, South Africa

Methods: All participants underwerdgnaudiolayical test battery including case history, video
otoscopy, tympanometry, wideband absorbancand pure tone audiometry
Otorhinolaryngologists analyzed and determined the presence or absence of middle ear
pathologies using video otoscopic images using@symous tele practic@-testandtheline

graphsfor the plotswereusedto compare the absorbance between groups

Results: 99 adultswith HIV and 42 HIV negative control group participated in this stuiy
participants with normal middle ear functidhere was no difference between the absorbance
patterrs at ambient pressure and TPP for both groups. There wagynificant difference
between theabsorbance pattetmetween and within groups for ambient pressure and TPP.

However, absorbanceatterrs of participants with normal middle ear function was larger
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acrossthe frequency range of 226Hz to 8000Mten compared to ears with middle ear
pathologies for both ambient pressure and TR difference was not significant (ambient
pressure; p&.1325; PP, p=0.113). Irars with middle ear pathologjele control group had
slightly lower absorbance patterbetween 226Hz to 3000, but larger absorbance above

4000Hz.

Conclusion: Wideband absorbance measure is a potential valuable measuren amgprcave
early identification and intervention of middle pathologies, particularly indoar middle

income countries where there the prevalence of HIV remains high.

Keywords: ambient and tympanometry peak pressadelts; HIV; middle ear pathologies;

wideband absorbance measyn@&iterns, South Africa, HIV/AIDS
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7.2Introduction
Approximately 40 million people are living with the human immunodeficiency virus (HIV) in

the world! South Africa accounts for approximately 20% of giebal HIV pandemic, with
evidence of new infections reported annually. A recent report indicates that there were 1300
new weekly HIV cases in young pregnant women in South Affitinfortunately, HIV is
associated with the development of middle ear patfiet>® A recent systematic review by
Sebothomand KhozaShangastdemonstrated a consistent positive association between HIV
and middle ear pathologies, witthe prevalence of middle ear pathologies reaching

approximately 60% in those infected.

This hgh occurrence of middle ear pathologies in adults living with HIV is concerning
given thedocumentedmpactof unidentified and untreatediddle ear pathology in affected
individuals and healthcare systemhe World Health Organization (WHO) repoithat
approximately 50% of individuals with less severe form of middle ear pathologies such as acute
otitis media (AOM) will develop chronic suppurative otitis media (CSG&Myhich is
indicative of severe or advanced form of middle ear pathologies. Aanatgis conducted
by Zhang and colleagugevealed that a history of AOM increases the risk of developing
CSOM. It is concerning that the bacterial pathogen that is responsible for the development of
CSOM is mainly resistant to common medications usedreat otitis medial? thus the

importance of preventive care

Research has indicated that untreated chronic middle ear pathologies such as CSOM
can lead to further damage such as the development of mastoiditis, intracranial cmmglfitat
permanent hearinloss'* as well asauditory processing difficultieSand facial paralysi&

These seqaae of middle ear pathologies are knownéad toa number ohegativeeffects on
those affected. For example, research has indicated that hearing loss hastamnetfiec

perception of speech, especially in the presence of backgrmiselit increases the risk of
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dementig’ andit also affects the overall quality of liféncluding vocational performancé
Hearing loss can also be costiyfurther straining the individuals and countries with low
economicresourcessuch as low and middiecome countries (LMICs). Therefore, early

identification of middle ear pathologies is required.

While tympanometry witlsingle probe tone remains a common middle ear measure in
clinical practicé®?! research has indicated that this measure has poor sensitivity and
specificity?#24In particular, tympanometry with single probe tone has been shown to be less
sensitive in dentifying changesfathe anatomical structures that do not severely affect the
mechanical faction of the middle ear systethconditions that have also been reported in
individuals living with HIV> Therefore, in order to understand the mechacwmustic
characteristics of the middle ear in individuals living with HIV, an alternative measure of
middle ear function is requireith this population, a measure that is quick to perform and
objective, has documented high sensitivity and specificity, and camdaated within a task

shifting environment where there are demand versus capacity chaffénges.

Wideband acoustic immittance (WAI) is the latest acoustic immittance measure that
offers promise to provide an understanding ofrttezhaneacoustic properties of the middle
ear system! With a wide range of frequencies (often from 226Hz to 8000Hz) and robust
stimuli, such as clicks or chirps, WAI provides a comprehensive analysis of the middle ear
function?® in a short period of tim?° Additionally, WAI measures the amount of absorbed
or/and reflected energy at an ambient pressure or/and on different pressure points (Shahnaz,
2021) thus the value in providing information about middle ear function in adults living with
HIV. It hasalso been reported that WAI measurements do not depend on the location of the
probe tip?’ Therefore, these clinical parameters give VdAhdvantage werthe conventional

single probe tone tympanometry.
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Previous studies have demonstrated that WAI hdwsgh accuracy in identifying
different types of middle eaf>3*34 and provides insight about the magnitude of conductive
hearing loss (CHLY® The sensitivityof WAI can be as a high as 10094 Because of the
potential clinical value of WAL, researchers have studied the characteristics of WAI in various
populations in order to improve its clinical utilitguch as in children, adult&*° However,
limited studies exist on the characteristicsVéAl in adults living with HIV. Thisgap in
evidencemay limit the introduction of WAI into clinical practice, particularly in countries

where HIVincidenceis high such as South Africa.

Therefore, the purpose ofdlurrent study was to determine theacacteristics ofhe
wideband absorbance measure at ambient pressure (0 daPa) and tympanometric peak pressure
(TPP) in adults living with HIV and compare these characterisiitteose of the control group

comprising of HIV negative adults

7.3 Material and Methods
Prior to the study being conductethieal clearance was obtained from the Human Research

Ethics Committee (HREC) (Medical) of the University of the Witwatersrand (protocol number:
M190752). Permission to conduct the study was obtained fremesearch coordinator of the
academic hospital and from thkead ofDepartment (HOD) of audiologgt the research site
Participantso information sheet that details
all potential participants. Informezbnsent was obtained from all participants. The procedure

in this study was in accordance with Helsinki DeclarattéBoth groups ofparticipants were

recruited using a neprobability sampling purposive meth&tAdults living with HIV (Group

1) were ecruited from the HIV clinic, while the control grou@roup 2) comprigmg of HIV

negative adultsvas recruited from the audiology and ENT departments within the same

hospital.
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Test procedure

All participantsin both groupsvho volunteered to take part in the study were tested using the
same testingrotocol Audiological assessments were conducted in a sound treated room with
minimal ambient noisé? in the audiology department. Pritwr conducting the audiological
assessnrd, calibration was done in accordance with the American National Standards Institute
(ANSI) (ANSI/ASA S3.62018), and daily biologic checksewne conductedprior to each
testing sessiaff Infection control was conducted usidglorhexidine gluconate, albol hand

rub, and alcohol swaps.

All participants underwent a basic audiological test battery comprising of a self
devel oped extraction sheet, which was used
medical and audiological files. The informaii obtained included the demographic
characteristics of the participants and clinical information, which indidke diagnosis of
HIV, and other hearing or/and ear related information. Video otoscopy using Aurica otocam
300 was used to capture video otmgc images. These video otoscopic images were saved and
later sent to otorhinolaryngologists for analysis and determination of middle ear pathologies
using asynchronous tetudiology® Tympanometry with 226 Hz probe tone and wideband
absorbance at aminieand TPP were performed using a Titan Interacoustic, Denmark, version
1.5. Hearing levels were obtained using pure tone audiorfa@trgnd bone conductionin
AD 629 diagnostic Interacoustics audiometer with Sennheiser HA 200 supahheadphones
and Radio Ear Brl bone conductor were used to determineaad bone conduction

thresholdg'®

Statistical analysis

All data were first converted into an excel spreadshe@ffite 365). This data ere then
converted into STATA version 15.2 software for full analysis of the data. While wideband
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absorbance measure generated 107 frequencies from 226Hz to 8000Hz, these frequencies were
reduced to 16 by using 1/3 bandwid#34 4’ This reduction of fregencies was done for
analysis purposes and it is in accordance witprevious researchrecommendation®
Descriptive statistics such as meamd standard deviatisnand frequency tables were used

to summarise all the data. Wideband absorbance at analniertPP were also described for

both groups. In order to compare the absorbance between groiysstavasused,andthe

line graphsfor the plots were used.Wheretherewas any differencebetweenthe absorbance

values,a p-value was also calculatedto determinewhetherthe differencewas statistically

significantor not.

7.4Results

Table 1 below providesa summaryof the descriptivestatisticsof different variablesfor all
participantsin total, the studycomprisedof 144 participantswith 99 adults(184 ears)living
with HIV (70.21%)(Group 1) and 42 adults (84 ears)who were HIV negative(Group 2)

(29.79%).

Table 7.1: A descriptivesummaryof variablesfor HIV (Group1) andControl(Group?2)

HIV(Group 1) Control (Group 2)
Variable Count | Mean | Frequencies Mean SD) | Frequencies| P-vale
(SD) (%) (%)
Age in years 141 48.7 52.8(18.6) 0.1208
(12.3)
Gender
Female 141 65(65.66) 20 (47.62) 0.045
Male 34(34.34) 22 (52.38)
Ear
Left 268 85(46.2) 42(50) 0.563
Right 99(53.8) 42(50)
Otorhinolaryngolog
ist results 267 142(77.6) 61(72.62) 0.376
Normal 41(22.4) 23(27.38)
Abnormal
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Tymmnometry

Normal 267 163(88.59) 64(76.19) 0.015
Abnormal 21(11.41) 19(22.62)

Hearing status
Normal 268 161(87.5) 59(70.24) 0.0001
Abnormal 23(12.5) 25(29.76)

Wideband absorbance results

Figure 1depictsthe wideband absorbance of adults living with HIV at ambient pressure, while

Figure 2 is a summary of wideband absorbance at TPP. On both graphs, the mean absorbance

measure for adults living with HIV is slightly higher across frequencies for participahts

normal middle ear function and lower those diagnosed with middle ear pathology. While

there is a clear difference between the absorbance of participants with normal middle ear

function and those with middle ear pathologrethis populationthedifference appears to be

slightly higher on the absorbance measure at TPP. However, the difieretiteabsorbance

results on ambient and TPP are not statistically significant (ambient pressure: p=0.4732; TPP:

p=0.289).
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Figure 7.1: Comparison of wideband absorbance patterns of adults living with HIV with
normal middle ear function (n=142 ears) and middle ear pathologies (n=42 ears) measured at

ambient pressure

Tympanometric peak pressure: HIV group
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Figure 7.2: Comparison of wideband absarize patterns of adults living with HIV with
normal middle ear function (n=142 ears) and middle ear pathologies (n=42 ears) measured at

TPP

Figures 3 and 4 provide a summary of all the absorbance results for the c@rtop 2).
Figure 3depictsabsorbance at ambient pressure, whigpire 4showsabsorbance at TPP for

the control group. Similarly, there is a mean difference between the absoobémeeontrol
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group with normal middle ear function and those with middle ear pathologies. The absorbance
measure of participants with normal middle ear function was higher than that of participants

with middle ear pathologies. However, the differenaeoisstatistically significant for both the

ambient pressure (P=1325) and the TPP (p=0.113)

Ambient pressure: control
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Figure 7.3: Comparison of wideband absorbance patterns of HIV negative control group
with normal middle ear function (n=61 ears) and middle ear pathologies (n=23 ears)

measured at ambient pressure

Tympanometric peak pressure: control
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Figure 7.4: Comparison of wideband atrbance patterns of HIV negative control group
with normal middle ear function (n=61 ears) and middle ear pathologies (h=23 ears)

measured at TPP
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Comparison between the absorbance measune the HIV versus thecontrol group

A comparison between the absorbance of HIV and control group was made for both the ambient
pressure and TPP. The first comparison that was made was between the absorbance measure
at both ambient pressure and TPP for participants with normal middle eaofuidis was

followed by a comparison between the groups with middle ear pathologies. Figures 5 and 6
present a comparison between the absorbance measure at ambient pressure and TPP for
individuals with normal middle ear function; whilegures 7 and 8 pesent a comparison
between the absorbance measure at ambient pressure and TPP for individuals with middle ear

pathologies.
Comparing absorbance measure with normal middle ear function between groups

Within the individuals with normal middle ear functjahe absorbance measure for both the
ambient pressure and TPP appears to have a similar pattern across frequencies, with slight
difference around 3000Hz to approximately 8000Hz, with slightly higher difference centred
around 4000Hz. The control group oaotl the ambient pressure and TPP appears to have
higher absorbance values than the HIV grauphose frequencies. However, the difference
between the absorbance values of HIV and control group at ambient pressude©(88) and

TPP (p9.9150) were nottatistically significant.
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Figure 7.5: Comparison of wideband absorbance patterns of adults living with HIV (n=142
ears) and HIV negative control group (n=61 ears) measured at ambient pressure
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Figure 7.6: Comparison of wideband absorbance pattern of adults living with HIV (n=142
ears) and HIV negative control group (n=61 ears) measured at TPP

Ambient pressure vs TPP for HIV and control group
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Figures 7 and 8 below illustrate the comparison between gwelance measured at ambient

pressure and TPP. In the current study, there was no difference between the absorbance pattern

measured at ambient pressure and TPP.

HIV group

Ambient pressure
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Figure 7.7: Comparison of wideband absorbance patterns of adults living with HIV (n=142
ears) with normal middle ear function measured at ambient pressure and TPP
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Figure 7.8: Comparison of wideband absorbance patterns of HIV negative control group
(n=61 ears) with normal middle ear function measured at ambient pressure and TPP
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Comparing absorbance measurgfor individuals with middle ear pathologies between

groups

The absorbance pattern for middle ear pathologies is also preserfteguies 9 and 10,
indicating similar pattemi.e. HIV group having slightly higher absorbance in the lower
frequencies fron226Hz to approximately 3000Hz, and lower in the higher frequencies from
4000Hz to 8000Hz. However, for HIV and control group, the difference in both the ambient
pressure (p8.4087) and TPP (p=0.571B) not statistically significantwhile the difference
between the absorbance of the two groups with middle ear pathologies are observed (though
notstatisticallysignificant), these results must be interpreted with caution given that the nature

and severity of middle ear pathologieghese groups may be different.

Ambient pressure: abnormal
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Figure 7.9: Wideband absorbance patterns of adults living with HIV (n=41 ears) and control
group (n=23 ears) with middle ear pathologies measured at ambient pressure (0 daPa)
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Figure 7.10: Wideband absorbance patterns of adults living with HIV (n=41 ears) and
control group (n=23 ears) with middle ear pathologies measured at TPP

7.5Discussion
The purpose of this study was to determine the characteristics of wideband absorbance measure

in adults living with HIV, and compare thesharacteristic$o those inHIV negativeadults

(control group. The current study is one of the first studies t@uapine the characteristics of
wideband absorbance in adults living with HIV. Findings in this study revealed that wideband
absorbance pattern of normal absorbance identified in previous research, i.e., low absorbance
in low frequencies, increasing in thedirequencies and decreasing to 8000Hz. In the current
study, the pattern of absorbance for ambient pressure and TPP for adults living with HIV and
control group were similar. These findings are consistent with previous research such as those
conducted byFeeney et al® and Surf®who described a similar pattetout this was in adults

without HIV.

Furthemore adults living with HIV ha similar absorbance pattermith the HIV
negative control group across the frequency range (226Hz to 8000Hz) fathbatimbient
pressure and TPP. This similarity was observed between HIV group and HIV negative control

participants with normal middle ear function and those with middle ear pathologies. For both
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the ambient pressure and TPP, particularly in participarts varmal middle ear function,
absorbance patterns of the HIV negative control group were slightly higher than the absorbance
pattern in the HIV group. However, this difference is not statistically significant between the

two groups.

Although the differene was not statistically significant, the reason for the existence of
this difference is not clear, and this warrant further research. Current authors thesjibet
difference, though not statistically significant, may be due to a physiological ddéren
between the two groups. Future studies may add to existing research about the source of
variation on WAR?Shahna#® argues that understanding the source of variation may improve
the test performance of the wideband absorbance measure and thisimatelyitimprove

early identification of middle ear pathologigsough the use of this measure

Research indicates that wideband absorbance at TPP is sometimes higher than the
wideband absorbance measured at ambient presSurefact, Liu et al.>° specified that
wideband absorbance at TPP is higher below 2000Hz than the wideband absorbance at ambient
pressure. However, this was not the case in the current study. Findings of the current study
found no difference between the absorbance measuredoarampressure and TPP. Further

research with largesample sizgis required tasupportthis difference.

Different absorbance patterns were observed for participants with middle ear
pathologies for both the ambient pressure and TPP. This differencésesead in the low to
mid and high frequencies. The difference indicates that the control group had slightly lower
absorbance values in the lower to mid frequencies, but HIV group had slightly lower
absorbance values in the higher frequencies. Shahregorted that low absorbance values in
low frequency range is likely due to an increased stiffness of the middle ear system, while a

decrease in the absorbance values in higher frequencies may be due to an increased mass in the
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middle ear system. Researdshndicated that low to mid frequency absorbance values, which
is consistent with stiffness, may be due to pathologies such as retraction of the tympanic
membrane and otosclerosisyhile middle ear pathologies related to mass are consistent with

pathobgies such as middle ear effusiéh?®

Given that the HIV negative control group was recruited from the audiology and ENT
department where they were attending their routine clinical care related to ear problems, it is
expected that these participantdl Wwave various kinds of middle ear pathologies, including
those thatre stiffnessrelated. Therefore, future studies need tog@lect participants with
similar pathologies for comparison purposes or select participants with normal middle ear
function. In the HIV group, the absorbance values were lower in the higher frequencies
suggesting predominantly mass related middle ear pathologies such as middle ear &fusion.
This is consistent with research indicating that adults living with HIV mostly (66orésents
with otitis media with effusiof? Tshifularo et al’ also found otitis media with effusion to be

the common types of middle ear pathologies in adults living with HIV.

Although current findings must be interpreted with caution given thataheenand
severity of middle ear pathologies may have been different between the two groups, it is clear
that wideband absorbance measure can successfully identify middle ear pathologies in adults
living with HIV. This has clinical implications for LMICs kere the prevalence of HIV is
higher! While this study provided some crucial information about the characteristics of
wideband absorbance patterns in adults living with HIV, future studies are required to expand
on the understanding of middle ear functiming wideband absorbance measure. Studies with
large samplesizesusing longitudinal designs to determine if middle ear functiomhis
population changes or fluctuategeotime will be important for preventive and monitoring

care.
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7.6 Conclusion
Current findingsrevealedthat wideband absorbance of both adults living with HIV and HIV

negative group are not significantly different for both ambient pressure and TPP, suggesting
that adults living with HIV may not require different criteria to generapyation.
Furthermore, current findings indicated that wideband absorbance measured at both ambient
pressure and TPP was accurate in identifying middle ear pathologies in both groups, which
highlight the potential of this measure as a clinical measureseTfindings raise important
clinical implications, particularly for LMICs, where HIV remains high. The use of wideband
absorbance measure may improve early identification and intervention of middle ear
pathologies in adults living with HIV. While the claateristics of wideband absorbance were
established, it is not known whether middle ear function of adults living with HIV changes or
fluctuates over time. Therefore, future research must employ designs such as longitudinal case
control to determine if midle ear function between HIV and control group changes (if any)
differently. This will determine whether there is a need for middle ear monitoring protocol for

adults living with HIV.

153| Page



CHAPTER EIGHT

INVESTIGATION OF THE INTERACTION BETWEEN

HEARING FUNCTION ANDCOMORSBIDITIES IN ADULTS

LIVING WITH HUMAN IMMUNODEFICIENCY VIRUS

(Reprinted with permissiofppendix R

8.1 Abstract
Adults living with the humanimmunodeficiencwirus (HIV) havea high prevalence

of co-existingcomorbidities While research indicates that adults living with HIV are at
risk of developing hearing impairment, limited research exists on the interaction between
hearing functiorand comorbidities in this population. The objective of this study was to
determine and compatbe hearing function of a group of adults living with HIV and
comorbidities and those withoabmorbidities. A sample of 132 adults living with HIV
underwent a basic audiological test batterggsess their hearing function. Partioisawith
comorbidities were 1.23 times more likely to devebaaring loss, with crude odds of 1.236
(95%CI1 0.5467 to 2.795), while those with three comorbiditiese 2.52 times more likely

to develop hearing losRarticipants with hypertension were 9&36re likely to develop
hearing loss when compared to HAoypertensive participants (OR = 1.928%CI:
0.7856 to 4.7345). There was only a marginal association between hypercholesterolemia and
sensorineural hearing loss (SNHL), withassociation between other comorbidities and
the typeof hearing lossThe current findings raise a need for prioritizing patients with
comorbidities in audiological assessment and monitoring in reseoocstrained
contexts, where capacity versdemandchallengesmight preventthe provision of

audiologicalservicesto all adultsliving with HIV. These findings also highlight the
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importance of preventive care in this population with regard tbuhhéenof thediseaseas
it mayleadto worseearandhearingoutcomedor affectedindividuals.

Keywords: adults;comorbiditieshearingfunction; HIV; SouthAfrica

8.2 Introduction
The human immunodeficiency virus (HIV) remains a major public health concern,

affecting approximately 40 million people globally.[ In South Africa, HIV forms part
of thechallenging quadruple burden of disea&8][ affecting approximately 8 million
individuals (13.5%)4]. While the introduction of antiretroviral therapy (ART) hasulted
in a significant improvement of the immune system in those infé@cteducing mortality,
improving life expectancy, and improving their quality ofdfendividuals living with HIV
continue to experience various health problems. Sensory pathologlesis hearing loss
are among the persistent healghated problems found in adults living with HIV in all
stagesf the diseasegegardless of treatmestatus pi 8].
Existing research hatemonstrated that adults living with HIV are at an increais&df
hearing loss compared to their Hhégative counterpart3,pi 12]. Among thecommon
hearing I@ses in this population, cochlear hearing loss seems to be theamson
auditory pathology9,13]. While the etiology of cochlear hearing loss is stilbagoing
debate in the literature, owerging evidence using distortion product otoacowsticssions
(DPOAE) indicates that hearing loss may result from the potential ototoxic oftugaly
active antiretroviral therapy (HAARTB]. Despite thisnformation, there remairgpaucity
of evidenceon theinteractionbetweerhearingfunctionandcomorbiditiesin adults
living with HIV. The paucity of information on the interaction of these conditishih
may have clinical implications for audiologicomanagement, warrants attentibence

theimportanceof the currentstudy.
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Adults with HIV have been reported to present with comorbidities, over and abovieuhe
[14]. These comorbidities include chronic redaease 15|, hepatitis B and hepatitiS [16],
cardiovasculadiseasd17], dyslipidemia[18], anemia[19], andhypertensionaswell as
endocrinediseasessuch as diabeteg[15,20]. Gallant and colleagueg14] reportedthatthe
prevalenceof comorbiditiesseemsto be increasingover time. Lorenc and colleagueq21]
reportedthat29%of individualsliving with HIV haveatleastonecomorbidity. Inastudy
conducted in South Africa by Negin and colleag&, [29.6% of adults living with HIV
werereportedo presenwith chronicillness.

The comorbid conditions listed above, alone, have also been associated witlg hear
impairment in adultsZ3,24]. Hlayisi et al. 5] reported a prevalence of hearilogs of
55% in adults with diabetes compared to 20% in the control groufg Kihbza Shangase
et al. R3] found elevated hearing thresholds of 6000 Hz, with elevated spadametry
findings and reduced DPOAE amplitudes in the high frequencies in thidgimm with
diabetesYikawe et al. [26] found participantswvith hypertensiorio presentwith a higher
prevalence of hearing loss (38.5%) when compared to those without hypertension (13.5%).
In a study conducted in South Africa on gold miners exposeddessivenoise, Khoza
Shangaseg] found that participants with a history of tuberculddi8) treatment presented
with worse hearing thresholds in the high frequencies whepared to those without this
history, with clear evidenoaf a noiseinduced hearing logsotch at 6000 Hz in both groups.
These findings indicate that comorbidity may incre#se likelihood of developing
hearing loss in adults; therefore, its@ocurrence with HIWarrantsinvestigation.

Given thereality of a possible coccurrence of these comorbid conditions with HI\each
individual living with HIV, and given that the prevalence of hearing loss is incregkibglly,
particularly in lowr and middleincome countries (LMICs) due to various rfgsktors P7],

the relevance of the current study within preventive healthcare protscodéssed.The

156 Page



findings from this study have important clinical implications that madllotv audiologists
and other ear and hearinghedth professionalgo developappropriatedentification and
managemergtrategieshatareappropriatdor adultsliving with HIV and other underlying
comorbidities. This study, aAcouste immittante ira
AdultsLi vi ng wi t h Human | mmu folodirgfobjectives:n c y
Objectivesf the Study

 To list comérbidities foundn agroup ofadults livingwith HIV;

1 To describéAindcomparehearingfunctionin adultsliving with HIV with

comorbiditiegstudygroup)andthosewithout comorbidities(comparisorgroup);
1 Todetermifeanyassociatiometweercomorbiditiesfoundandhearingfunction

inadultsliving with HIV.

8.3 Materials and Methods

This study employed guasiexperimental norequivalent control group desig&g). This
method was chosen and deemed appropriate because participants were not i@ssignag
to groups 29|, and the researcher dmbt manipulate any variable2g]. A non probability
purposivesampleof 132 adults,with participantswho were recruitedfrom oneof theHIV
clinics in atertiary hospitalin JohannesburgGautengProvince, SouthAfrica, comprised
the study participantsParticipants were recruited and selected if thest the inclusion
criteriaset for the study. The participantsrecruited and included inthe studywereadults
agedl8 yearsand older, diagnosedwith HIV, and attendinganHIV clinic at the tertiary
hospital.Exclusion criteria included adults who presented withrheaon the day of testing
[30]. The study commencedafter ethical approvalwas securedrom the HumanResearch
Ethics Committee (HREC) (Medical) of the Universityof the Witwatersrand(Protocol
number:M190752).

Eligible participants were provided with a participant information sheet that dethged
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purpose and nature of the study. pdirticipants provided written informed consenpéotake

in the study 30]. Following consent, all participants underwent a basic audiological test
battery which included case history collection and medical record reviang aself
administered questionnaire and a data collection form; a video otoscopic evaisiatgpon
Firefly Wireless DE550; acousticimmittance testing using Titan 3.3 (Interacoustics
Middelfart, Denmark); and pure tone audiometry testing through the use of the GSI 61
audiometer (Interacoustics, Middelfart, Denmark). Air conduction thresholds were obtained
between 0.25 Hz and 8 KHz using Sennheiser HA 200 saya headphones, with the
cut-off for normal hearing a25 dBHL. Bone conduction thresholds were also obtained
between 0.25 Hz and 8 KHz through the Radio E&0OBone conductor. The air/bone gap
criterion used to define the conductive hearing loss component@vdB [31]. During

testing,infection control measuresverein placeasrequiredfor audiologicaltesting[32].

Because this was an exploratory study, no-gmlection of comorbid factors was
performed, but these emanated from the record reviews. Therefore, no distinction bletveen
different natures of hearing loss (SNHL, conductive hearing loss (CHL), and mixed
hearingloss(MHL) foundin thestudywasmadein themainanalysis. Howevehecause

of the different pathophysiological processes involved in CHL versus SNHL, a nuanced

analysisof comorbidfactorsfound pergroup(SNHL versusCHL/MHL) wasconducted

StatisticalAnalysis

STATA versionl5.2wasusedto analyzeall thedata.Boththedescriptiveandinferential
statistics were used to analyze the data for the groups. Categorical variables were
summarized using frequencies and percentages, while continuous variables were
summarized using median and interquartile range since data m@ normally
distributedThe normality assumption was assessed using the Shéplkaest, as well

as a histogram plot with a superimposed normal curlie.association between hearing
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lossand comorbidities was assessed using logistic regressidnuBivtriate regressions
toestimatecrudemeasuresf associatiomndadjustedegressiorno accounfor theeffects

of other variables were used. Fi sher 6s exe
there was any association betwammorbidities and the type of hearing loss. The results
werereportedasoddsratiostogethemith thecorrespondin@5%CI andtheassociatep-

value. Bivariate analysis was used to compare the interaction between hearing fandtion

comorbiditiesin thetwo groups.

8.4 Results

This study enrolled a total of 132 adults diagnosed with HIV. The demographic
characteristics of the participants are summarized in Tablée median age was 49 years,
with aninterquartilerangeof 41to 57.5years;theminimumagewas18 years while the
maximumagewas72 years.Themajority of the participantaverefemaleg65.2%),with
96.2% of the sample being bladWost participants had acquired secondedycation
(77.3%). Most of the participants were diagnosed with HIV between the years 2001 and
2005,while mostwereinitiatedon ART betweer?2016and2020.

The proportionof the participantswho werediagnosedvith HIV washigherin 1990 2005,
comparedo the proportionof ART initiation in the sameperiod. Howeverthe proportion

of the participants who were diagnosed with HIV was lower from 2008020 when
compared to the proportion of ART initiation in the same period (FijurEhebaselineCD4

cell countwasrecordedin 95.5%of the participants.Most of the patientshada CD4 cell
count above 500 cells/u{43.2%). The median CD4 cell count was 436 celliwith an

interquartilerangeof 266 638 cell/uL.
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Table 8.1: Baseline characteristics of the participants (n=132)

Variable Categories Frequencies Percentages
Gender Female 86 65.15
Male 46 34.85
Ethnicity Black 127 96.21
White 1 0.76
Coloured 4 3.03
Level of Education Primary 20 15.15
Secondary 102 77.27
Tertiary 10 7.58
Year of ART diagnosis| 19901995 2 1.52
19962000 13 9.89
20012005 32 24.24
20062010 28 21.21
20112015 25 18.94
20162020 32 24.24
Year patient initiated o1 19952000 4 3.05
ART 20012005 30 22.9
20062010 30 22.9
20112015 28 21.37
20162020 39 29.77
CD4 categories <200 18 13.64
201-350 28 21.21
351-500 23 17.42
>500 57 43.18
Missing 6 4.55
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Figure 8.1. Distribution of antiretroviraltherapy(ART) diagnosisand ART initiation in the
study participants(n = 132).

Therewas an almostequal split of participants with and without comorbidities,with
49.24% (n = 67) participantspresentingwith comorbidities, while 50.8% (n = 65)had
none(Table 2). The proportionof thosewith comorbiditieswas not significantly different

from the proportion ofthose without comorbiditiesp{value = 0.7773). Of thoswith
comorbidities, 34.8% had a single underlying condition, 10.6% had two underlying
conditions, and 3.8% had three underlying conditidhg most common comorbiditiegere
hypertension (23.5%) and hypercholesterolemia (21.2%). Anemia (4.6%) and &3iBfbn

werealsoreportedin someof the participants.

Table 8.2: Comorbidities

Variable Categories Frequencies Percentages

Has comorbidities No 67 50.76
Yes 65 49.24

Number of comorbidities | O 67 50.76
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1 46 34.85
2 14 10.61
3 5 3.79
Types of the comorbiditie] Hypertension 31 23.48
(yes category only) Hypercholesterolaemia 28 21.21
Anaemia 6 4.55
Asthma 5 3.79
Atopic dermatitis 1 0.76
Chronic Hepatitis B 3 2.27
Cryptococcosis 2 1.52
Diabetes mellitus 3 2.2
Lipodystrophy 1 0.76
Mixed hyperlipidemia 1 0.76
Peptic ulcer 1 0.76
Arthritis 1 0.76
Sinusitis 1 0.76
GORD 1 0.76
Myalgia 1 0.76
Polyneuropathy 1 0.76
Rhinitis 1 0.76

Descriptionof HearingFunction

Table 3 provides an overall description of the hearing function outcomes fosttidy.

A total of 30 (22.7%) of the participants presented with hearing loss in thisBilathral
hearing loss was higher (12.9%) than unilateral hearing loss (9.9%), with theateft
presenting with a higher proportion of hearing loss (6.8%) when compared to thearght
(3.03%). The severity of hearing loss varied across participantardiieg the left ear1.4%

had mild hearing loss, 1.5% had moderate hearing loss, and 2.3% had severeld&saring
Similar for the right ear, 9.9% had mild hearing loss, 3.03% had moderate hearirantbss,
6.8% had severehearingloss. Therefore,generally,the hearingloss tendedto be mild in

nature, followed by a severe degree, with no profound degree of hearing loss found. The
hearing loss outcomes were also classified according to the type of hearing loss. Regarding
theleft ear,5.3%hadMHL, and6.82%hadanSNHL abnormality while 7.6%hadCHL;

in the right ear, 3.8% had MHL, and 6.1% had SNHL, while 6.1% had CHL. Overall,
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SNHL wasthe mostprevalentwith MHL beingtheleastoccurring.

Table 8.3: Hearing loss outcomes

Variable Categories Frequencies Percentages
Overall hearing No 102 77.27
loss Yes 30 22.73
Laterality No 102 77.27
Unilateral Left 9 6.82
Unilateral Right 4 3.03
Bilateral 17 12.88
Left severity No left ear problem 112 84.85
Mild 15 11.36
Moderate 2 1.52
Severe 3 2.27
Right severity No right ear problem 106 80.3
Mild 13 9.85
Moderate 4 3.03
Severe 9 6.82
Left ear| Normal 106 80.30
abnormality Mixed 7 5.30
patterns Sensory 9 6.82
Conductive 10 7.58
Right ear Normal 111 84.09
abnormality Mixed 5 3.79
patterns Sensory 8 6.06
Conductive 8 6.06

HearingLossand Comorbidities

Table4 shows the results from the bivariate analysis and logesgiession to detemine the
association of hearing loss and comorbidities among HIV patianteng theparticipants
with hearing loss, over half (53.33%) had comorbidities, while 46.67% hedmeorbidities.
There was no significant difference in thggeportions p-value = 0.610)The univariate
analysisshowedcrudeoddsof 1.236(95%CI:0.5467to 2.795)for thecomolbidity covariate.
This meant participants with comorbidities were 1.23 times more likdipvte hearing loss
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when compared to those who did not have comorbidities. Howevewdkisot statistically
significant p-value = 0.61).The participants with hearingpds weremuch older (4661
years), with a median age of 55 years, while those without hearingéosgounger(39i 56
years),with amedianageof 47.

The morecomorbiditiesthe patientshad,the higherthe oddsof developinghearindoss

when comparedto thosewithout any comorbidity. Thosewho had three underlying
conditions were 2.52 times more likely to develop hearing loss than those without any
co-occurring condition. Hypertensive patients were 93% more likely to develop hearing
losswhencomparedo thosewhowerenot hypertensiv OR = 1.928;95%CI:0.7856to
4.7345) However thiswasnotstatisticallysignificant(p-value= 0.152).Similarly, those
patientswith hypercholesterolemiarere87% morelikely to develophearinglosswhen
compared to those who had no hypercholesterolemia; this finding was also statistically
nonsignificant(p-value= 0.185).

The adjusted regression analysis still did not show any significant association bedwieen
comorbiditiesand having hearingloss in this sampleof adults with HIV. Howeverthe
estimateckeffect becameprotective(AOR = 0.7737;95%CI: 0.258to0 2.4388).A significant
associationwas observedfor the age variable, and a oneyear increasein age increased

the odds of havingpearing loss by 5%pfvalue = 0.026), adjusting for the other variables.
Males had increased odds of 2.2636 (95%CI: 0.91 to 5.64) of having hearing loss, which was
marginallysignificant(p-value= 0.079).

With regard tahe left ear, most patients with comorbidities had mild hearing6@s3%,

n=9); howevertherewasno associatiorbetweerhavinga comorbidityandtheseverity

of the hearing losgpfvalue = 0.28). The most common hearing loss was Sldhidthere

was a marginal association between having a comorbidity hearing losgptyglee =

0.059). For the right ear, most patients with comorbidities had mild hearin@B82%,n
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=9); however, there was a marginal association beta@®orbidity and theeverity of the

hearing lossf-value = 0.068). The most common hearing loss typeStsL (n = 5,

45.45%), but with no association between participants with a comorhititysNHL p-

value=0.861)Fi s her 6s

e X a ¢ t marginal bssaciatidfp-valaet 664) o n | y

between hypercholesterolemiaand SNHL, with no association between other

comorbiditiesandCHL and/orMHL.

Table 8.4: Logistic regressiorof hearingoutcomesandrisk factorsadjustingfor the effectsof other

variables.

AF YES

HF * No p-Value OR (95%Cl) p-Value AOR (95%Cl) p-Value
n (%) n (%)
Comorbidities
No 53(51.96) 14(46.67) reference reference
Yes 49(48.04) 16(53.33) 0.610 1.236 0.610 0.7937 0.687
(0.5467 to 2.795) (0.2583t0 2.4388)
Age
1.064 1.0539
Median(IQR) 47 (39 56) 55 (46i 61) 0.0031 0.004 0.026
(1.019t0 1.109) (1.006t0 1.1036)
Sex
Female 70(68.63) 16(53.33) reference reference
Male 32(31.37) 14(46.67) 0.122 1914 0.125 22630 0.079
(0.834t0 4.391) (0.9089t0 5.6379)
Education
Primary 12(11.76) 8(26.67) reference reference
Secondary 81(79.41) 21(70.0) 0.3889 0.068 0.4603 0.162
(0.141t0 1.073) (0.1552t0 1.3651)
Tertiary 9(8.82) 1333 0101 0-1667 0.119 0.2081 0.187
(0.018t0 1.583) (0.0202t0 2.1432)
CD4 cell count
1.001
Median(IQR) 423(262641) 519(352638)  0.1403 0.063
(0.999t0 1.0003)
Numberof
comorbidities
0 53(51.96) 14(46.67) reference
1.051
1 36(35.29) 10(33.33) 0.735 0.914
(0.4211t0 2.6268)
2 10(9.8) 4(13.33) 1.5143 0.532
(0.4125t0 5.5593)
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3 3(2.94) 2(6.67) 2.5238 0.335

(0.3837t0 16.6001)
Hypertension
No 81(79.41) 20(66.67) reference reference
1.928 1.5141
Yes 21(20.59) 10(33.33) 0.148 0.152 0.516
(0.7856t0 4.7345) (0.4335t0 5.2875)
Hyper
cholesterolemia
No 83(81.37) 21(70.0) reference
1.8722
Yes 19(18.63) 9(30.0) 0.180 0.185

(0.7413t0 4.7281)

8.5 Discussion
The aim of the current study was to investigateitbteraction between hearing furan and

comorbidities in adults living with HIV. While research has been conductaddstigate
hearing function and HIV, there remains a paucity of evidence on hdanatpn in

adults living with HIV, particularly in those with additional underlying comorbidities.
Therefore, the current findings contribute towards this gap in knowledge anthday
groundwork while raising important implications for future research in this populdiien.
current finding on comorbidities found in adults living with HIV are consistent whthse
previously documentedLfl], with hypertension and hypercholesterolemia beingntiost
commoncomorbiditiesin this population.

Theoverallprevalencef hearinglossin this studywas22.73%,andthehearinglosswvas
predominantly bilateral in symmetry (12.88%). The severity and type of hearing loss
outcomes varied across different ears, but mild SNHL appeared to be the most common.
The existenceof hearinglossin adultsliving with HIV in this studyis consistenwith
thedocumentediterature indicatingthathearinglossis common[6,9,13,33]. Previously
publishedresearchhas attributed hearingloss in adultsliving with HIV to the virus

itself [6], opportunistic infections resulting middle ear pathologies that are ultimately
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CHL or MHL [11], and the potential ototoxic nature of the ART regim&@|.[Khoza
Shangase3d] argued that an ototoxty monitoring protocol for patients who are currently
being treated with the ART regimen should be implemented in clinics where HIV is
treated to improve early identification of hearing loss in this population. In addition, these
monitoring programs maylso help identify preventable auditory pathologies, such as
middle ear pathologies or hearing loss with a reversible conductive element, through early

referral to and treatment by otorhinolaryngologiS#.|

While hearingloss is generallycommonin adultsliving with HIV, the currentfindings
indicatethatthe occurrencef hearinglossis muchhigherin participantswith comorbidties
than those without comorbidities. Although the current results are not statistically
significant, participantswith comorbiditieswere 1.23timesmorelikely to havehearing
loss comparedo thosewho did not havecomorbidities. The numberof comorbidities
increasedhe risk of hearingloss. For example,thosewho hadthreeunderlyingcomorbid
conditionswere 2.52timesmorelikely to presentwith hearinglossthanthosewithout
any condition.Among theparticipantswith comorbidities those withhypertension and
hypercholesterolemia wef8% and 87%morelikely to presentwith hearinglossthan
thosewho did not havetheseconditions.Thesefindings are consistentwith previous
research35,36]. In research focusing on the interaction betwegposure to noise and
comorbidities, such as the ones found in adults with HIV, similar findings were revealed,
with participantspresentingwith worsehearingfunction wherecomorbiditiesexisted[37].
Althoughthe pathophysiologyhatexplainstheincreasedisk of hearinglossin adultsliving
with HIV and comorbiditiesis currently unknown,the currentauthorssuspecthatthe
combinedeffectsof comorbidconditionsandHIV may play a role. Available evidence

suggestghat hypertensiomand hypercholesterolemiaompromisethe vascularsupply
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which may resultin hearingloss[36], andHIV increasesherisk of hearinglossbecausef

the ART regimenandopportunisticnfections[10,11]. Therefore future studiesusingcasé

control researchmethodologiesare neededo investigatethis pathophysiologyurther.

Further analysis of theesults revealed that mild hearing loss was common instvigple.
However, there was no statistically significant association between severithiaanty
comorbidities(p = 0.028). Although CHL and SNHL were both common, therewas no
statistically significant association between comorbidities and the type of hiemsnfgund.
Further analysis indicated that there was only a marginal association between
hypercholesterolemia and SNHL, but there was no association between other ctie®rbid
and other types of hearing loss. This means that patients with comorbidities canwpitbsent
hearingloss of any type and severity. Despitethe severity and/ortype, hearinglosscan
have a significant i mp alitet RouprB8] tepored thatdultsv i d u al
with mild SNHL can have significant difficulties in the perception of speech iprisence

of background noise. Davies and colleagu@dl demonstrated thaadults withvarying
degrees of hearing loss experience listemgigted fatigue, which may significantly
compromise their quality of lifed]. Future studies are needed to determine the impd#aoé of

severity/typeof heaing lossin adultsliving with HIV with underlyingcomorbidities.
StudyLimitations

Although this study providesnew evidenceon hearingfunction in adultsliving with HIV

while havingunderlyingcomorbidities thereare methodologicalimitations that needto be
taken into account during the interpretation of the findings. First, thesaubple of
participants with hearing loss was small, limiting the generalizability of the findings. This
raises implications for future collaborativeudies from different sites exploring the same
guestions. Secondly, hearing function in this study was primarily based on standachpure

audiometry. However, Khoz&hangasell0] demonstrated that hearing impairmenaduls
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living with HIV may occur in the ultrdigh frequencies, occurring before it candstected
by standard pure tone audiometrfruture studies need to include measures sagh
otoacoustic emissions and uHnagh frequency audiometry to identify earlgss ofhearing
impairment. Lastly, no age or gender matching of participants in the study \hesus
comparison group was conducted; therefore, the influence of these variablescarrehe

findings could not be controlledfor, which is anotherimplication for future studies.

8.6 Conclusions
Thecurrentfindingsindicatethatthe prevalencef hearinglossin adultsliving withHIV

and comorbidities is higher than in those without comorbidifiés. higher thenumber
of comorbidities, the more likely the patients will develop hearing [Bissparticipants
with hypertension and hypercholesterolemia were more likely to develapngloss
thanthosewithout theseconditionsor with othercomorbidconditions.Theparticipants
with hearing loss were also found to be older than those without hdassgrhese
findings raise important implications for preventive healthcare in generalameeabove
preventive audiology, in particular. Some of the comorbiditiesdaeases difestyle
that fall under the quadruple burden of disease that South Africa is grappting
Preventive efforts directed at minimizing and/or eliminating these comorbiditiasot
only improve the health and quality of life of the indivadsiinvolved but willalso serve
as a preventive measure for hearing loss in this populaiprGiven thathe prevalence
of HIV is high in South Africa and other LMICand demand versusipacity challenges
continue to eist [33], the current findings raise important preventikealthcare and
preventive audiology implications. Audiologists must engage in all |lexfgbseventive
care from the primordial to the tertiary level, witmovative service delivergnodels such
as the use of trained ngmofessionals in task shifting, and telediology modelsof
servicedelivery,with the goalto implementsuccessfusustainablg@reventiveaudiology

programswithin the SouthAfrican populationof adultsliving with HIV.
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CHAPTER NINE

AN ANALYSIS OF RISK FACTORS FOR HEARING
IMPAIRMENT IN ADULTS LIVING WITH HUMAN
IMMUNODEFICIENCY VIRUS IN GAUTENG, SOUTH

AFRICA

(In Review

9.1 Abstract
Background: Research indicates that individuals living with HIV are at an increased risk of

developing hearing loss and other auditory manifestations. However, limited evidence on risk
factors associated with hearing impairment in adults living with HIV exists. fidneréhe aim

of this study was to explore risk factors for hearing impairment in adults living with HIV.

Methods: A quantitative crossectional research design was employed. All participants were
selected and recruited through a #obability purposivesampling strategy from an HIV
clinic in a Tertiary Academic Hospital in Johannesburg, South Africa. 132 participants
underwent a basic audiological test battery which included-adsifnistered abstraction form

to obtain pertinent case history and matlinformation, video otoscopy, tympanometry, pure

tone audiometry, and speech audiometry.

Results Current findings indicates that prevalence of hearing loss in this cohort was 22.73%.
Age, gender, and extended use of antiretroviral therapy (ART) hathigimber of CD4 cell
count, and some comorbidities are associated with the odds of developing a hearingHess.
multiple logistic regression model, age (AOR)=1.049; 95%CI: 1.0005 to 1.0978) (p

value=0.048) and the extended use of ART (AOR)=1.003%®: 0.9312 to 1.0896(p-
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value=0.856) were strongly associated with hearing loss after adjusting for other variables.
Although the odds of male participants to have hearing loss was 2.3572 (95%CI: 0.9394 to

5.915) compared to females, this associatias marginal (pralue=0.068).

Conclusion: Current findings provide evidence for the risk factors for hearing loss in adults
living with HIV. Given that an extended use of ART and a higher number of CD4 are strongly

associated with hearing loss, these figdi raise important implications

Keywords: adults, HIV, hearing loss, risk factors,
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9.2 Introduction
The Human Immunodeficiency Virus (HIV) continues to be a public health concern worldwide.

Although reports suggest that trends of HIV show a declining pattern globally, new infections
of HIV continue to be identified [1]. In 2018, there was an estimatédnillion new HIV
reported globally, with lowand middleincome countries (LMICs) comprising most of the
infections [2]. Current reports suggest that there is approximately 40 million people living
with HIV globally, with LMICs continuing to be the menter for the pandemic [1]. In
countries such as South Africa, HIV contribute to burden of diseases [3] and forms part of the
guadruple burden of disease$, [dverand above a dilapidated health system [5], high levels

of unemployment rates and poverty [6].

While antiretroviral therapy (ART) has been shown to be effective in treating and managing
HIV [7], auditory and vestibular pathologies seem to persist and memaihallenge for
individuals living with HIV [811]. Extensive research has been conducted on hearing function
in adults living with HIV [1217]. Findings of these studies have indicated that hearing loss is
common among adults living with HIV, with a pedence ranging from 2.5% to 58% [11].
However, there is a dearth of evidence on risk factors associated with hearing loss in adults
living with HIV, with a need to investigate the possible influence of these risk factors, including

comorbidities, on devepment of hearing loss in this population.

Few studies have made connections between hearing loss and the number of CD4-cells [18
19]. These studies indicated that participants with low CD4 T cells are at a greater risk for
developing hearing loss, sugdidg a possible opportunistic infection that may result in
conductive hearing loss (CHL) or hearing loss with conductive element. Some stuek@$ [20
have indicated that hearing loss in adults living with HIV may be due to the possible ototoxic

nature ofART regimen. Mata and colleagues [21] found that the risk ratio for developing
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hearing loss on participants who are treated hiighly active antiretroviral theragy4AART)

is double when compared to those who were not on treatment.

Some demographic ehacteristics of participants such as age, gender, and race have also been
shown to be potential risk factors for hearing loss in the general population [23]. However,
there are conflicting results about the influence of these factors in adults livimgiivit For
example, Fokouo and colleagues [24] found that age, gender, CD4 cells and duration of
HAART did not influence hearing loss in young adults aged 15 to 49 years in Cameroon.
However, Torre and colleagues [25] found race to be one of the poteshtialctors for hearing

loss in adults living wittHIV, while Obasineke and colleagues [19] found CD4 cell count to

be a risk factor for hearing loss in adult population. These conflicting results, which may be
due to methodological difference, differsaimple size and other factors, and the general dearth

of evidence about risk factors, have necessitated the need for this study.

KhozaShangase [26] has also calledifgensified audiological researgbarticularly in areas

such as South Africa where YIremains an epicenter. The author argued that research into
HIV and audiology has clinical implications and can demonstrate the potential role of
audiologists in assessment and treatment. Therefore, this current study intends to extend
knowledge and undstanding of the risk factors that increase susceptibility to developing a
hearing loss in adults living with HIV.

Aim

The primary aim of the study was to analyze risk factors associated with hearing loss in adults
living with HIV.

Objectives

1 To descrile all risks factors in a sample of adults living with HIV
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1 To describe hearing function in a group of adults living with HIV
1 To establish if there is any association between risk factors and hearing function in

adults living with HIV.

9.3 Methods
This study employed a quantitative cressctional design. This method was deemed

appropriate because data was collected at one point in time [27].-probability purposive
sampling was used recruit and select patients who meet the inclusion criteriaf#8ip&nts

were recruited from an HIV clinic in Johannesburg, South Africa. The inclusion and exclusion
criteria were similar to those in a previously published study [29], which specified that patients
were eligible to participate in the study if theyreveliagnosed with HIV, attending the HIV

clinic within the tertiary hospital, and were 18 years of age and older. Only one exclusion
criterion was adopted and that was exclusion of adults who presented with otorrhea on the day
of testing. The study commest after ethical approval was secured from the Human Research
Ethics Committee (Medical) of the University (Protocol number: M190752), and permission

was granted by the hospital.
Procedure

This study adopted the same protocol that was followed by SebatanchKhoze&shangase

[29]. Following an ethical clearance, permission from the hospital, and informed consent from
participants, all participants underwent a basic audiological test battery which included the
case history collection and medical recordees using a selddministered questionnaire and

a data collection form, a video otoscopic evaluation using Firefly Wireless DE550, acoustic
immittance testing using Titan 3.3 (Interacoustics, Denmark) and pure tone audiometry testing
through the use of @GSl 61 audiometer (Interacoustics, Denmark). Air conduction thresholds
were obtained between 0.25Hz to 8KHz using Sennheiser HA 200-auaaheadphones,

with cuto f f nor mal hearing at O25dBHL. Bone <con
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between 0.2Hz to 8KHz through the Radio Ear-B) bone conductor. The air/bone gap
criterion used to define c¢ond3Djqkramer&Brovenar i ng
2019). During testing, infection control measures were in place as required for audiological

testing.

Statistical Analysis

Raw data was converted into an excel spreadsheet which was created for the purpose of this
study.A STATA version 15.2 was then used to analyze all the data. Both the descriptive and
inferential statistics were used to ana&ythe data. Categorical variables were summarized
using frequencies and percentages while continuous variables were summarized using median
and interquartile range since data were not normally distributed. The normality assumption was
assessed using thedgliro Wilk test as well as the histogram plot with a superimposed normal
curve. The association between hearing loss and risk factors was assessed using logistic
regression. The univariate regressions to estimate crude measures of association and adjusted
regression to account for the effects of other variables were used. Results were reported as odds

ratio together with the corresponding 95% CI and the associateldi.

9.4 Results
Table 1 below summarizes the demographic characteristics of the paartsci Of the 132

adults who participated in the study, there were 65 % females and 35% males, with median age
of 49 years and an interquartile range of 41 to 57.5 years. The minimum age was 18 years while
the maximum age was 72 years. Majority of theipi@dnts had acquired secondary education

(77.27%).

175| Page



Table 9.1: Baseline characteristics of the participants

Variable Categories Frequencies Percentages
Gender Female 86 65.15
Male 46 34.85
Ethnicity Black 127 96.21
White 1 0.76
Coloured 4 3.03
Level of Education Primary 20 15.15
Secondary 102 77.27
Tertiary 10 7.58
Year of ART diagnosis | 19901995 2 1.52
19962000 13 9.89
20012005 32 24.24
20062010 28 21.21
20112015 25 18.94
20162020 32 24.24
Year patient initiated or] 19952000 4 3.05
ART 20012005 30 22.9
20062010 30 22.9
20112015 28 21.37
20162020 39 29.77
CD4 categories <200 18 13.64
201-350 28 21.21
351500 23 17.42
>500 57 43.18
Missing 6 4.55

Most of the participants wetagnosed with HIV between 2001 and 2005 (32%), while most
were initiated on ART between 2016 and 2020. The proportion of the participants who were
diagnosed with HIV was higher in 192005 (47%) compared to the proportion of ART
initiation in the same pod (34%) (Figure 1). The baseline CD4 cell counts were present in
95.45% of the participants. Most of the participants (43.18%) had a CD4 cell count above 500
cell/luL. The CD4 cell distribution and profiles are shown in Figure 2 below. The median CD4

cell counts were 436 cell/uL with an interquartile range of-@88 cell/uL.
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Figure 9.1: Distribution of ART diagnosis and ART initiation of the study participants
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Figure 9.2: CD4 cell counts profile of the participants (n=132).

There were 49.24% participants with comorbidities. Of those with comorbidities, 34.76% had

a single underlying condition, 10.61% had two underlying conditions and 3.79% had three
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underlying conditions. The most common comorbidities were hypertension ¥23.48

hypercholesterolaemia (21.21%), Anaemia (4.55%) and asthma (3.79%).
Hearing function in adults living with HIV

The prevalence of hearing loss in this cohort was 22.73%, with majority of the participants
(77.28%) presenting with normal hearing fuoati Of those with hearing loss, 9.85%
participants presented with unilateral hearing loss while 12.88% presented with bilateral
hearing loss. The severity of hearing loss ranged from mild (21.21%), moderate (4.55%) to
severe (9.09%). Regarding the left,éaB% had a mixed hearing loss (MHL), 6.82% had a
sensory/neural hearing loss (SNHL) and 7.58% had a CHL. Similarly, in the right ear, 3.79%

had a MHL, 6.06% had SNHL and 6.06% had a CHL

Participants who had hearing loss were older with a median a&feyafars compared to

those with normal hearing who had a median age of 47 yeaed(p=0.0031). Participants

with hearing loss had a higher median cell count of 517 cells/uL compared to those with
normal hearing who had a median cell count of 423 cellHdwever, there was no

significant difference (ywvalue=0.1403). Furthermore, those with hearing loss had a longer
median ART duration of 11 years compared to participants with normal hearing with median

ART duration of 9 years.

Among the participants wit hearing loss, majority of them (53.33%) were females, with
secondary level of education (70%) and 53.33% had comorbidities. However, none of these
proportions were significantly difference from those HIV patients who did not have hearing
loss (pvalue>005). About 33.33% of the participants with hearing loss were hypertensive,
while 30% of those with hearing loss had hypercholestroremia. However, these proportions

were not significantly different from those of the participants with normal hearing.
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Table 2 shows results from bivariate analysis and logistic regression to determine the
association between hearing function and risk factors. The univariate logistic regression to
guantify factors associated with hearing loss among participants showed dnatyear
increase in age among HIV patients increased the odds of having a hearing loss by 6.4%
(OR=1.064; 95%CI: 1.012.109) and this was statistically significartg@ue=0.004). A one

cell increase in CD4 cell counts among HIV patients increased treeafdthving a hearing

loss by 0.1% (OR=1.001; 95%CI: 0.9990003) and was marginally significant- (p
value=0.063). Aoneyearincrease on ART among HIV patients increased the odds of having

a hearing loss by 1.13% (OR=1.0113; 95%CI: 0-29B05) and wasot significant (p
value=0.74). Though the male participants had high odds of having a hearing loss, which was
1.914 (95%CI: 0.834 to 4.391) times higher compared to the female participants, this was not

statistically significant (fvalue=0.125).

Table 9.2: Logistic regression of hearing outcomes and risk factors adjusting for the effects of other
variables

Variable Bivariate analysis Univariate Multiple regression
HF No HR Yes P- OR((95%Cl) P- AOR (95%ClI) | P-
n (%) n (%) value value value
Age
Median (QR) 47(3956) | 55(4661) | 0.0031| 1.064 (1.019to | 0.004| 1.0479 (1.0005 | 0.048
1.109) to 1.0978)
CDh4cellcount | | | | ]
Median (QR) 423(262 | 519(352 | 0.1403| 1.001 (0.999to | 0.063 -
641) 638) 1.0003)
ART duration in
years 9(3-15) 11(5-15) | 0.5549| 1.0113(0.9465 tg 0.740| 1.0073(0.9312 | 0.856
Median (QR) 1.0805) to 1.0896)
Sex
Female 70(68.63) | 16(53.33) | 0.122 | reference reference
Male 32(31.37) | 14(46.67) 1.914 (0.834to | 0.125| 2.3572(0.9394 | 0.068
4.391) to 5.915)
Education
Primary 12(11.76) | 8(26.67) reference reference
Secondary 81(79.41) | 21(70.0) | 0.101 | 0.3889(0.141to | 0.068| 0.4227(01409 | 0.124
Tertiary 9(8.82) 1(3.33) 1.073) 0.119| t0 1.2679) 0.168
0.1667(0.018 to 0.1932 (0.0186
1.583) to 2.0022)
Comorbidities
No 53(51.96) | 14(46.67) | 0.610 | reference reference
Yes 49(48.04) | 16(53.33) 1.236(0.5467 to | 0.610| 0.7759(0.2421 | 0.669
2.795) to 2.4869)
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Number of
comorbidities 53(51.96) | 14(46.67) | 0.606 | reference

0 36(35.29) | 10(33.33) 1.0516(0.4211tq 0.914| -------- | ===

1 13(12.75) | 6(20.0) 2.6263) 0.334| -------- -

2 or more 1.7473(0.5629tq | | -
5.4226) -

Hypertension

No 81(79.41) | 20(66.67) | 0.148 | reference reference

Yes 21(20.59) | 10(33.33) 1.928(0.7856 to | 0.152| 1.4315 (0.4031| 0.579
4.7345) to 5.0841)

Hyper

cholesterolaemia| 83(81.37) | 21(70.0) | 0.180 | reference

No 19(18.63) | 9(30.0) 1.8722(0.7413tg 0.185| -------- | ------

Yes 4.7281) --

*HF=hearingfunction

Participants who went to secondary school were 62% less likely to have a hearing loss
compared to those who have primary level education (OR=0.3889; 95%CI: 0.141 to 1.073) and
this was marginally significant {palue=0.068), while those who had tertiaryieation were

83% less likely to have a hearing loss (OR=0.1667; 95%CI: 0.018 to 1.583) and this was not

statistically significant.

The univariate analysis showed a crude odds of 1.236 (95%CI: 0.5467 to 2.795) for the
comorbidity covariate. This means thiose participants with comorbidities were 1.23 times
more likely to have hearing loss compared to those who did not have comorbidities; However,
this was not statistically significant-{f@mlue=0.61). Though there was a dosgponse effect

on the numbeof comorbidities with the developments of hearing loss, the association was not
statistically significant (fralue>0.05). The more the number of comorbidities the patients had
the higher the odds of developing hearing loss compared to those withoutraosbiclity.

Those who had three underlying conditions were 2.52 times more likely to develop hearing
loss than those without any condition. Hypertensive patients were 93% time more likely to
develop a hearing loss compared to those who were not hypeetd@¥i~=1.928; 95%CI:
0.7856 to 4.7345). However, this was not statistically significava(pe=0.152). Similarly,

participants with hypecholesterolaemia were 87% times more likely to develop hearing loss
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compared to those without hypehnolesterolaemidyut this was nostatisticallysignificant (p

value=0.185).

In the multiple logistic regression model, a significant association was observed for the age
variable. Aoneyearincrease in age increased the odds of having a hearing loss by 4.79%
(adjustedbdd ratio (AOR) =1.049; 95%CI: 1.0005 to 1.0978ygbue=0.048) adjusting for the
other variables. foneyearincrease in ART duration increased the odds of having a hearing
loss by 0.73% (adjusted odd ratio (AOR)=1.0073; 95%CI: 0.9312 to 1.089&))ug=0.856)
adjusting for the other variables. Male participants had an increased odds of having a hearing
loss of 2.3572 (95%CI: 0.9394 to 5.915) compared to females which was marginally significant
(p-value=0.068) while adjusting for other factors. No digant findings were observed for

level of education (AOR=0.4227; 95%CI: 0.1409 to 1.2679 for secondary level of education
and AOR=0.1932; 95%CI: 0.0186 to 2.0022 for tertiary level of education). Being hypertensive
increased the odds of having a heariwgslby 1.43 times (95%CI: 0.40510841) compared

to participants without hypertension. However, this was not statistically significant (p
value=0.579). Participants who had other comorbidities were 33.4% (AOR=0.7759; 95%ClI:
0.2421 to 2.4869) less likelp have hearing loss compared to those who did not have hearing

loss, and this was not statistically significartvglue=0.669).

9.5 Discussion
The purpose of this study was to analyze risk factors affecting hearing function in adults living

with HIV. This is one of the few studies that explored specific risk factors for hearing loss in
adults living with HIV. Findings of the current study indicated that there are a number of risk
factors that are individually associated with hearing loss in adults lnvithgH1V. While some

risk factors such as gender were also associated with hearing loss, the significance was
marginal. However, age, extended use of ART, increased number of CD4 cell and some

comorbidities were found to be significantly associated watirimg loss in this cohort.
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Age was one of the common risk factors that was found to have a significant association with
hearing loss in adults living with HIV. The findings indicate that adding one year increases the
odds of developing hearing loss inudtd living with HIV. These findings are consistent with
findings of the study conducted by Torre and colleagues [25] who also found that age in adults
living with HIV was significantly associated with higher pure tone average (PTA). This ageing
as a riskfactor needs to be interpreted with caution, particularly because hearing loss is often
associated with ageing [31]. In fa@pusa and colleagues [32] reported that presbyacusis
begins around the fifth decade of life. Given that participants with helmssgn this study

had a median age of 55 yeatsanay be these participants were already having early onsets of
agerelated hearing loss. It is not surprising that Fokou and colleagues [24] did not find any
significant association between age and hedrigs s wi t h t heir particip
15 to 49 with mean age of 33.4 years. The lack of a control group in this study has made it
difficult to compare and determine if there is any difference between groups. Therefore, future
studies need to indlie the control group and perhaps employ designs such asardsd to

establish the difference between groups.

Despite the lack of a control group in this study, current findings raise important implication
for audiologists and other hearing health pssionals to be cognizant of, and provide a tailor
made audiological assessment and management to adults living with HIV who are above the
age of 50 yearsSousa and colleagues [32] reported that certain medical conditions such as
diabetes may exacerbatepredispose patients to early onset of-egjated hearing loss. It is

not yet known that HIV predisposes patients to early onset and development of hearing loss,
which require further exploration, but professionals must be cognizant of patients littng wi

HIV.

Current findings indicates that one year increase on using ART increased the odds of having
hearing loss. This means that the more patients use ART to manage HIV, prevent the mortality
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associated with HIV, and improve quality of life [7], the hegthe odds of developing hearing
loss. These findingseento point to the potential ototoxic nature of the ART. These findings
are consistent with previous studies that indicated that ART may potentially be ototexic [20
22]. Therefore, implication forlimical practice, policy and resource distribution are raised in
these findings, suggesting the need for a continued and a focused ototoxicity monitoring
program for adults living with HIV [33]. Future studies are needed to focus on the frequency

of testirg patients who are on ART in order to determine the contextually appropriate protocol.

The effects of gender on hearing patholodiasebeen studied in the literature, with male
gender having the greatest risk of developing hearing loss [32]. Althcesglits were
marginally significant, current findings indicate that male participants were more likely to have
hearing loss than females. These findings seem to be consistent with published research, which
indicated that male participants are at a grea&rfor developing auditory pathologies such

as middle ear pathologies. Therefore, these findoadjsfor research to further explore the
relationship between gender and hearing loss, and provide an understanding on the

pathophysiology, particularly in atts living with HIV.

Another study whicliormspart of the bigger study conducted by the current author [29] using

the same data has detailed the relationship between comorbidities and hearing loss in adults
living with HIV. It is worth noting that inHe current study the author briefly mentions these
comorbidities as risk factors. Findings indicated that hypertension and hypercholestroremia
were significantly associated with hearing loss. Findings also indicated that the higher the
number of comorbidies, the higher the likelihood of developing hearing loss. Given that some

of the comorbidities that contribute to the development of hearing loss fall under the quadruple
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burden of diseases, minimizing these comorbidities in adults living with HIV wdlice

hearing loss and improve quality of life.

An increased number of CD4 T cells had increased odds of developing hearing loss the current
cohort. Findings of the current study indicates that one cell increase in CD4 cell counts among
HIV patients incresed the odds of having a hearing loss. These findings are contrary to the
findings of the studies such as Fokuou et al. [24] who found that CD4 cells did not have any
influence on hearing function, but also on findings by Fasunla et al. [18], Obasia¢k¢1&)

and Van der Westhuizen et al. [17] who found participants with low CD4 cell count to be at a
greater risk for hearing loss. The latter studies attributed hearing loss to opportunistic infection

due to weaken immune system resulting from low C&8#aount.

Given that participants with higher CD4 cell count were the ones with an increased risk for
hearing loss, this could be due to the possible ototoxic nature of the ART alluded by Khoza
Shangase [20]. It is also not surprising that participaitts am increased number of years on
ART had an increased risk for developing hearing loss. Current author argues that the two risk
factors, viz, duration on ART and higher CD4 cell count, explains the development of hearing
loss in this population. Matas al. (2014) also found that participants who were exposed to
ART had higher incidence of hearing loss. Findings of the study attributed the higher incidence
of hearing to the potential ototoxic nature of the ART. Clinical implications for ototoxicity
monitoring for patients who are living with HIV are raised. Longitudinal studies using
comprehensive and sensitive measures for hearing function such as distortion product
otoacoustic emission (DPOAE) and ufraquency audiometry to explore the change aerd th
frequency of change for hearing must be employed in order to determine the ototoxicity

protocol for patients living with HIV.

Study limitations
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This study has provided some important information about risk factors associated with hearing
loss in adults living with HIV. Howevethere are methodological limitations that need to be
taken cognizance of during interpretation of the findings. Firetsthesample of participants

with hearing loss was small, limiting generalizability of the findings. For example, whilst some
of the findings for the current study point to ototoxicity nature of HIV treatment, hearing loss
with conductive element, which mlso common despite the use of ART {33] require a
further exploration. The small incidence of hearing loss in this sample makes it difficult to
determine risk factors for hearing loss with a conductive element. Large scale studies are
therefore needetb determine risk associated with hearing loss with a conductive element.
Lastly, due to the fact that there is no control group in this study to make a comparison, there
was no control for the influence of variables.ealimitations raise implicationdor future

studies.

9.6 Conclusion
Current findings have indicated that hearing loss in adults living with HIV is common, and

ageing, male, other comorbidities, increased number of CD4 cell counts, and extended use of
ART increase theisk for hearing loss. These findings raise critical implications of preventive
health care and preventive audiology to ensure that a careful attention is paid to adults living
with HIV. Future research such as those that employ-@asiol or/and longituidal design

are needed to assist in determining the protocol that is tailored for adults living with HIV in

order to identify any change in hearing that alter quality of life.
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CHAPTER TEN

SYNTHESIS OF THE FINDINGS

10.1 Introduction
The primary purpose of this chapter is to summarise and integrate all the results of the studies

presented itChaptes 3 to Chapter9. The overall aims of the current study are reviewed. This
review is followed by a discussion of the synthegidings. The implicatiors of the results,
particularly for theory, clinical practice, and policy formatias well as forresearch,
specifically for patients living with HIV in South Africareconsidered. Finally, limitations of
the study and future research t@and knowledge and understanding of middle ear function

for adults living with HIVarealsopresentedh this chapter.

10.2 Aim of the study
The mechan@coustic properties of the middle ear system for adults living with HIV

appears to be complex ands poorly understood. While ARTs have been shown to improve
the immune system (Wilson & Seriti, 2013), adults living with HIV appear to continue having
an increased risk of developing middle ear pathologies. Sebothoma and $treorgaseir

pres$ argle that middle ear pathologies seem to persist despite the efficacy of ART. In
addition, the use of less sensitive middle ear meassweh as the commonly used
tympanometry with single probe tone, further exacerbate and perpetuate the poor
understandingfadhe mechan@coustic properties of the middle ear system in this population.
Therefore, the current study aimed to investigate middle ear function of adults living with HIV
using wideband absorbance measure, whiclonie of thelatest and advanced acdast
immittance measures Specific objectives includk reviewing literature on middle ear

pathologies in adults living with HIV, scoping the context to determine which measures of
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middle ear function are being used and the knowledge of new techrimjogguh African
audiologists as well asdetermining whether telepractice can be usetbr middle ear
assessmentn a resource constrained context. Furthermore, sensitivity, specificity and
characteristics of wideband absorbance measure were measured iniadgltaith HIV.
Finally, the researcher sought to establish the risk factors, including comorbatitietheir

influence on ear anldearing functionn adults with HI\.

10.3 Main Findings
In order toset the stage for this thesis, one of the objectives of the current thesis was to

systematically review literature in order to determine current trends of middle ear pathologies
in adults living with HIV. When the systematic review was conducted in thiertiag of 2019,

the search yielded 12 studies that met the inclusion criteria. These are the studies that reported
on the auditory and otological manifestation of HIV, specifically reporting on middle ear
pathologies in adults living with HIV. All 12 stigbk reported on the occurrence of middle ear
pathologies in adults living with HIV. These studies indicated tt@atoccurrence amiddle

ear pathologies in adults living with HIV ranges from 2.5% to 58%. Given that middle ear
function and pathologies ifése studies was measutbdoughtympanometry with 226Hz

probe tone, pure tone audiometry using air/bone gap, and the clinical examination technique,
type B tympanogram, CHL, and CSOM were the most prevalent types of middle ear
pathologieseported While the existence and occurrence of middle ear pathologies in adults
living with HIV was clear, the use of different middle ear measures with different criteria may

have caused the variability the occurrence rate findinggtween the studies.

Although stidies in the review provided importastidenceabout the trends of middle
ear pathologies in adults living with HIV, most of the studies (n=10) used middle ear measures

that aredeemed to be lessensitive to middle ear pathologi@Shandrasekhsr et aR000;
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KhozaShangase, 2011; Maro et al., 2018; Matas et al., 2014; Matas et al., 2018; Mathews et
al., 2012; Ongulo & Oburra, 2010; Sebothoma & Kh8kangase, 2018; Torre et al., 2015;
Van Westhuizen et al., 2013; )Four studies used tympanometry with6Piz probe tone
(Chandrasekhar et al., 2000; Maro et al., 2018; Sebothoma & KStwmegase, 2018; Van der
Westhuizen et al., 2013)vhile six studies used air/bone g@hozaShangase, 2011; Matas

et al., 2014; Matas et al., 2018; Mathews et al., 2012ufdr& Oburra, 2010; Only 2 studies

used clinical examination techniques (Prasad et al., 2006; Tshifularo et al., 2013) which are
considered gold standard in identification of middle ear patholo@egio et al., 2013;
Lundberg et al., 20)4and have igh sensitivity and specificitylee & Yeo, 2004) The use

of middle ear measures that are not sensitive to middle ear pathologies may limit the
understanding of middle ear functioning and/or underestimate the occurrence of middle ear

pathologiesn this ppulation

Additionally, the effects of HIV on middle ear function time adult population was
difficult to delineatdrom the systematic reviewhis is because amongst the studies reviewed,
there was no HIV negative control groupprform acompaative analysis ofvhether trends
of middle ear pathologies observed in adults living with HIgresimilar ornot Only two
studies included HIV negative control groumsd these studieslid not find significant
differences betweenthe groups (Marcet al., 2014; Matas et al., 2014). Based on the findings
of thesystematiaeview, it was clear that future studies are requioechprove understanding
of the middle ear function and pathologies in adults living with ,HbiM these studies should
incorporaie HIV negative control grougand ug middle ear measures thaveshown to have
high sensitivity and specificity. The lack ofearunderstading of middle ear function and
pathologyin this populatiorhas huge implicatiafor preventive care for adts living with

HIV.
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Middle ear measures in a South African context

Following an understanding of the existence and occurrence of middle ear pathologies
in adults with HIV, and within the South African context where HIV incidence remains high,
a studywas conducted to scope the South African context in order to establish middle ear
measures used in clinical practice. In addition, the study aimed to explore the knowledge of
South African audiologists regarding advanced middle ear measures such aas WAl as
their perception of these measures. An online questionnaire survey was used talatdlect
about middle ear measures and current practices by South African audiologists. While the study
comprised ofa small sample size (n=45), participants imsthtudy represented audiologists

working in both public and private secidrom different provinces across the country.

Findingsfrom this study demonstrated that majority of participants (68.9%) in clinical
practice always include tympanometry with6BZ probe to measure middle ear function.
However, some audiologists reported an inconsistent ugenpinometrywith few of them
never includingt in their audiological assessmadpdttery Although findings in this study
corroborated previoustudies published elsewherenignuel et al., 2012; Mcdonald & Green,

2001), these findings raised important implications, particularly for the current thesis.

The findings demonstrated that audiologists in South Africa continue to use
tympanometry with226Hz probe tone in all patients, despite the known limitations of this
measureTheinconsistent user the total exclusion of this measure raises some condéiss
suggesthataudiologiss may be missing most of the middle ear pathologies in patieeys
see, including those who are prone to middle ear pathologies such as adults living with HIV.

Lack of equipment or/and broken equipment were cited as the main reasons for the inconsistent
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use or not including tympanometry with 226Hz probe into thecdagical test battery. One
of the significantlimitations of this study wasthe use of an online questionnaire, which
primarily used closended items, and did not allow participants to provide detailed qualitative

information about their use or not udayampanometry.

The final aspect of itk study was to explore the knowledge of South African
audiologists regarding advanced middle ear measures, particularly those that form part of
acoustic immittance. Specifically, participants were asked about #mmwledge of
multifrequency multicomponent tympanometry and WAI. Almost no participants (97, 8%)
were familiar with either multifrequency multicomponent tympanometry or WAI. As a result,
participants were not including these measures into their audidldg&tabattery. It was
reassuring that participants indicated that if they could receive equimrgentWAI, and
appropriateraining, they would include these measures as part of the routine audiological test
battery to improve early identification and timeous interventarpatients presenting with

various types of middle ear pathologies.

Tele-practice in a South African ontext

Given that the current study took place during COMM) which disrupted faetm-face
interactionsan aspect of the bigger studys conducted to determine the use or feasibility of
using tele practice in identification of middle ear pathologieadults living with HIV. In this
study, an audiologisticting in the role of a site facilitator, conducted video otoscopic
examinatios using Firefly wireless DES5 by capturing and saving 268 ears of 134 adult
participants living with HIV. Following comption of data collection, the video otoscopic
images were sent to two qualified otorhinolaryngologists for analysis and determination of the

presence or absence of middle ear pathologies.
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Findings indicated that there was substantial agreement (K=0.58@16047) between
otorhinolaryngologists in identifying middle ear pathologies in adults living with HIV. This
study suggested that asynchronous-pesetice is feasible and can be used for identification

of middle ear pathologies in adults living with\HI One significant limitation in this study

was the fact that approximately 25% of the video otoscopic images could not be evaluated
because of poor quality. Implicatifor training of site facilitatorsas well asuse of specific

types of video otoscopemeeting certain specificationgre raised.

Wideband absorbance measure in adults living with HIV

Two studies were conducted focusing on wideband absorbance measure in adults living
with HIV. The first study focused on the sensitivity apkcificity of wideband absorbance
measure in identifying middle ear pathologies; while the second study, exathi@e
characteristics of wideband absorbance in adults living withHévid comparing these with
characteristics in an HIV negative controbgp. In the sensitivity and specificity study, 161
ears of adults living with HIV were evaluated using clinical examinatimerformed by
otorhinolaryngologists, tympanometwith 226Hz probe tone, and Wideband absorbance at
TPP. Clinical examination tecliue by the otorhinolaryngologists was considered a gold
standard against which the performance of tympanometry with 226Hz probe, pure tone
audiometry using air/bone, and wideband absorbance measure at TPP were measured. Clinical
examinations identified 24 of the middle ear pathologies in adults living with Hithis
sample

Findings in this study indicated that the sensitivity of wideband absorbance at TPP was
higher than the sensitivity of tympanometry with single probe tone and pure tone audiometry.
Specifically, the sensitivity of wideband absorbance at TPP was higher in the lower frequencies

(226Hz to 971.53Hz) and at 4495.80 Hz, with the highest sensitivity reaching 88%. In contrast,
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the sensitivity of tympanometry with single probe and pure taikoeetry were both less
than 20%. While the sensitivity of wideband absorbance was higher, there stasistacally
significant difference between the specificity of wideband absorbance at TPP and
tympanometry with single probe tone.

The higher sensitity for wideband absorbance in this study corroboratetings from
previous studies, which indicate that wideband absorbance has higher sensitivity than
tympanometry with single probe tone (Kaf, 2011; Terzi et al., 2015). Given that the AUROC
in this study was lowewhencompared with previous researfthdings and the ansitivity
was slightly lower, this study suggested that wideband absorbance should be used in
conjunction with other middle ear measures in order to improve identification of middle ear
pathologies. It was postulated in this study that perhaps the glightr sensitivity compared
with previous studies mayavebeendue to the fact that some of the middle ear pathologies in
this study reflected those that do not necessarily changes the mobility of the tympanic
membrane.

The second study on wideband afimnce measure in adults living with HIV
established the characteristics of wideband absorbance at ambient pressure and TPP. A total of
141 participants, with 99 adults living with HIV and 42 HIV negative control group underwent
a basic audiological tedtattery, consisting ofvideo otoscopy, tympanometry with 226Hz
probe tone, wideband absorbance measured at ambient pressure and TPP, and pure tone
audiometry.

The wideband absorbance measure at both ambient pressure and TPP for adults living
with HIV and HV negative control assumed a similar pattern across a frequency range (
226Hz to 8000Hz). Both groups presented with wideband absorpatteenshat were also
described byFeeney et al. (2016) and Sun (2016)e3dpatterrs indicate a lower absorhae

at lower frequency, increasing in the mid frequencies, and finally decreasing around 8000Hz.
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There was natatisticallysignificant difference between the wideband absorbance measure at
ambient pressure and TPP within and betwkergroups. While preious researclsuggests

that wideband absorbance at TPP is often higher than wideband absorbance at ambient
pressure, this was not evident in this study.

With regards tahewideband absorbance measure between normal middle ear function
andears withmiddle ear pathologies, the absorbance values for adults living with HIV were
lower for the ears with middle ear pathologies across frequencies (226Hz to 8000Hz) both at
ambient pressure and TPP. However, this difference was also not statistically significant.
Similar patterns were observed with the HIV negative cognmlipbetween ears with normal
and middle ear pathologies. These findings suggest that wideband absorbancesmaasure
accurately identify middle ear pathologies, corroborating preljiosaporedresearctindings
(Hunter & Shahnaz, 2013; Shahnaz, 2021).

Between the two groups with middle ear pathologies, absorbance at both ambient
pressure and TPP was lower floe HIV negative group from 226Hz to approximately 3000Hz,
but higher from approxiately 4000Hz throughout to 8000Hz. These findings between groups
with middle ear pathologies should be interpreted with caution because the number and nature
of middle ear pathologies may not have been the sartteese two groups thus precluding
accuratecomparison Therefore, studies that employ research designs such asocess
studiesmay be useful in determining if middle ear pathologies between groups provide similar

or different absorbance measures at both the ambient pressure and TPP.

Comorbidities and risk factors for hearing function
Given that hearing loss and middle ear plthies are common in adults living with HIV, it
was not clear if certain comorbidities and risk factors increased the risk of developing hearing

loss and middle ear pathologigsthis population Such information could be valuable for
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preventive measureat all levels of prevention. Thuswo studies Chaptes 8 & 9) were
conducted texplorethis researclyuestion Of the 132 adults living with HIV, the prevalence

of hearingosswas found to be 22.73%, with all types of hearing loss present in thisaiopul

but SNHL being the most prevalent. Participants with comorbidities were 1.23littglgd0

have a hearing los¥he higher the number of comorbidities the participant has, the higher
the risk of developing hearing lossParticipants with hypertenfon and
hypercholesterolemia we@3% and 87%morelikely to presentwith hearinglossthan
thosewho did not havetheseconditions.

While the study raised important clinical implications for preventive care within
audiology, the lack of an HIV control groap the timeposed a significant limitation for

the study. Future studies incorporating the HIV control group should be condacted t
explore if these two groups with similar comorbidities have the same or different risk
levelsfor developing various types of hearing loss.

In the subsequent study using the same data, an exploration of spedfiorrisk
hearing loss was conducted. $lstudy demonstrated thade, gender, and extended use of
antiretroviral therapy (ART), a higher number of CD4 cell count, and some comorbidities are
associated with the odds of developing a hearing loss. While there is a number of risk factors
for hearirg loss,a multiple logistic regression model demonstrated that age and the extended
use of ART were strongly associated with hearing loss after adjusting for other variables. In
this study, the lack of HIV control group limited thederstanding of these potential risks for
hearing loss. The small incidence of hearing loss with a conductive element also made it
difficult to establish if any of the risk factors increase the risk of conductive hearing loss.
Therefore, large scale stedi including HIV negative control grosipre needed to determine

risks associated with hearing loss with a conductive element.
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10.4 Theoretical and practical contribution of the study
This PhD thesis makesluabletheoretical contribution to researgarticularly in the field of

hearing health. Given that this study is one of thesfitrstemploy wideband absorbance
measure in adults living with H\NGhaptes 6 & 7), it hascontributed to the body of knowledge

in the areaThe current study provided purtantevidence orthe sensitivityandspecificity of
wideband absorbances well ascharacteristics of wideband absorbance measure in adults
living with HIV. While several studiesave beemronducted in different populatisfAithal et

al., 2017; Beerstal., 2010; Hunter et al., 2010; Hunter et al., 2017; Ibraheem, 2014; Polat et
al., 2015; Shahnaz et al., 2009; Shahnaz et al., 281 8arious pathologies, none of those
studies were conducted in adults living with HIV. Polat et al. (2015) arguesi¢hatis a need

for population specific characteristics of WAL in order to improve sensitivity and specificity of
the measure. Therefore, this is an important extension of knowledge regarding WAI.

Given that adults living with HIV are prone to middle eathwlogies Yajpayeeet al,
2013), despite the use of ART (Sebothoma & Kkh8hangase, submitted), this study further
makes a practical contribution. This study investigated middle ear function and pathologies of
adults living with HIV using WAlwhichis known to have highersensitivity and specificity
in identifying middle ear pathologies. Fisst this study demonstrated that middle ear
pathologiesarecommon in adults living with HIV, and the occurrence of these pathologies is
high. Middle ea pathologies in adults living with HIV differ in terms of type and severity.
These findings suggest thear andhearing health professionals should always consider the
possibility of middle ear pathologies in adults living with HIV, and tailor their mameent to
this possibility and/or reality

Hearing health professionals shouyddrhaps prioritiseadults living with HIV with
comorbidities and other risk factors such as having used ART for an extendedopé¢inos
Additionally, the current study indates thathypertension antdypercholesterolemia increase
the risk of developing hearing lossthis populationTherefore, patienfsresenting witlthese
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comorbidities and risk factgrasdiscussed irfChaptes 8 and9 may need regular monitoring
given hat some of them are almost 3 times likely to develop hearing loss. A case history must
be thorough for patients living with HIV in order to establish whether comorbidities and risk
factors ceexist in this population.

Based on the finding in this studyjdeband absorbance appearstoan effective
measure with high sensitivity and specificity in identification of middle ear pathologies
(Chaptes 6 & 7). Findings indicate that wideband absorbance can play an important role in
identifying early signs afiddle ear pathologieandthis is an important practical contribution,
which suppor the diagnostic efficacy framework (Fryback & Thronbury, 1991). This
framework posk that a diagnostic measure (ewgdeband absorbance) mus¢ assessed
against six principles (detailed hapter 1) before it is incorporated into clinical practice.
Wideband absorbance measure in adults living with HIV appears to satisfy one of the most
important diagnostic efficacyripciples, which is diagnostic accuracy efficapginciple

While wideband absorbance measure seems to be accurate in identification of middle
ear pathologies, this measure stitedsto be used in conjunction with other middle ear
measures e.g. videoastcopy. This is because widebaiasorbancenay not yet be sensitive
to some middle ear pathologies that have not affected the meabaunstic properties of the
tympanic membraneChapter 6). The use of video otoscopy, particularly within the tele
practie framework may also address the limited resources experienced in many audiological
clinical practicesChapter 4), but also and generallyLiMICs such asSouth Africa (Mulwafu

et al., 2017).

10.5 Limitation of the study
While the study has made signdnt contribution into the body of knowledge, and highlighted

the implicatiors for training, practice, resource distribution and policy formation, this study

presenedwith some limitatios. Theselimitations are presented in each study frGhapter 3
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to Chapter 9. However, in this section the main limitations of the studgrasentedFirstly,

the major limitation of this study is in itesearch desigimThe use of a crossectional design
limited the understanding of middle ear function over a pesfotime 1 thus restricting
establishment of evidence around onset and develop@earmn that adults living with HIV

are prone to middle ear pathologies, which suggést the physiology of themiddle ear
system may be slightly different to that of the HIV negative group, understanding whether
middle ear function changes or fluctuates over time is crugatjcularly when using a

sensitive measure suchwgleband absorbanckecomes crucial.

A longitudinal casecontrol design, for example, would have provided a detailed
comparison of the functioning of middle ear system between groups. This information is
critical for preventive audiological caieprogressive auditory pathologies due tegpitating
factors such as the use of ototoxic drugs are well studied (Kdloaagase, 2011; Rybak &
Ramkumar, 2007), and consequently monitoring progresnare encouraged (Khoza
Shangase & Stirk, 2016; Kho&hangase, 2028ealth Professional Council &outh Africa
[HPCSA], 2018) in order to reduce théng-termimpact (Duggal & Sarkar, 2007). While it
can be argued that HIV presents as a precipitating factor for middle ear pathologies, there is
currently no evidence indicating that middle ear functad individuals living with HIV
changes (and the extent it changes) over time; and whether it changes differently to that of HIV
negative individuals. Therefore, future research should enapksearch design that is capable

of providing information abdithe middle ear function of adults living with HIV over time.

Secondly, the sample size in this study was relatively small despite the study taking
approximately 15 months for data collection only. This is because data was collected in the

middle ofthe COVID-19 pandemi¢cwhere health regulations were strict, particularly forface
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to-face interaction. It was clear during recruitment that participants were trying to limit the
number of sessions attended within the hospital. This made recruitment of participants difficult.

In fact, participants who were recruited frahe audiology and ENT departments, presented

with auditory/ otologic probl ems. These part.
Patients who did not require emergency attention or didaraplainof ary auditory or ENT

related symptoms did not attend the hospital. This has resultéte mall sample size,
particularly for the HIV negative control group, making the comparison between groups

challenging

Thesmallsamplesizewas further reduced by poquality images that were taken from
participantsfor the telepractice aspect of the stu@nly video otoscopic images that were
clearer andhatallowed the otorhinolaryngologists to analyse and make a determination of the
absence or presence of middear pathologies were used. This analysis from the
otorhinolaryngol ogists was considered a 6gol
pathology is presence or absence. Given that studies have already indicated that quality images
depend on the typef video otoscopy used (Biagio et al., 2013; Lundberg et al., 2008; Mbao
et al., 2003; Sebothoma & Khe&hangase, 2018), future research must be cognizant of the
video otoscopy that is being used for tplactice assessmenthe clinical practice
implications of this identified limitation are also raised.

Lastly, due to technical problems on other equipment, and the fact that participants
needed to spend less time in a sound treated room due to CI®ViEgulations the
audiological test battery for thetudy was reduced. For example, the diagnostic DPOAEs or
TEOAES, which can provide important information about middle ear functioning (Campos et
al., 2016; Shahnaz et al., 2009) were not conduntéds study The inclusion of DPOAE or

TEOAE would have mvided further information about the presence or absence of middle ear
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pathologies anavould haveallowed the researcher to assess whether a combination of tests
can efficiently and practically be used in conjunction with wideband absorbance in adhdts liv
with HIV to determine the presence or absence of middle ear pathologies. Future studies should

incorporate measures such dIAE or TEOAE to establish this feasibility.

10.6 Conclusion
The current thesis investigated middle ear function of ativitg with HIV using wideband

absorbance measure. This is the first study that examine wideband absorbance in adults living
with HIV and compare it to the HIV negative control group. Findings of the study revealed
the following:
U Middle ear pathologies arommon in adults living with HIV, and their occurrence
may be as high as 60% depending on the measure and criteria being used. These
middle ear pathologies vary in termstgbe andseverity.
U Audiologists in South Africa inconsistently use tympanomeiitih 226Hz probe tone
as part of their standard test battery, with limited knowledge and access to recent
advances in middle ear assessment measures
U The use of telgractice is encouraged in countries such as South Africa, not only due
to pandemic outbeks such as COVI19, which makes faet-face interaction
difficulty, but also due t@emand versus capacity challenges as far as ear and hearing
workforce is concerned
U Wideband absorbance appears to have higher sensitivity and specificity in idgntifyin
middle ear pathologies in adults living with HIV. The characteristics of wideband
absorbance were established for adults living with HIV. While there was slight
difference between the characteristics for adults living with HIV and HIV negative

control goup, these characteristics were not statistically significant, suggesting that
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HIV group may not necessarily need specific wideband absorbance criteria for

determining normal vs abnormal middle ear system.
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