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EXECUTIVE SUMMARY

Problem statement
In South Africathe incidence oHIV/AIDShas increased rapidly over the past decade from almost

zero in 1990 to about 5.Million people living with HIV/AIDS in 2001. Tinddence and prevalence

of thisepidemic has increased since 2001 to date indicating an estimated 5.7 million (12%) people to
be infected with HIV. There is a body of evidence indicating that betweed2percent of HIV

positive individuals present with hearing loss and further that the prevalence of hearing loss in HIV
positive individuals is higher when compared to that in-Régative individuals. This poses a big
threat to the mining industry becausbere is already an inherent risk for hearing loss in the sector
as a result ohoise.The lterature has also presente@sults that imply that takindhRVdrugscan

result in hearing lospossibly compounding noise, Hiptiimonary tuberculosi§PTBdrugs and age

as risk factors for hearing logsll of the studies reviewefbr the current studyexcept one, sampled
their study populatios from health facilities and ndrom activemineworkes. It was herefore
considerednecessary tainderstand the reld@bnship betweerthe combinedrisk factorsand hearing

lossin asample ofSouth Africarmineworkers.
Objectives

The main aim of the study was to determine the impact of idf&ttionand ARVtherapyon the
auditory systenof South Africat€mineworkers

Study design
A prospective cohort study design was used

Methodology

The study population was sourced fraattendees atbccupational health clinics at three mines
platinum,gold, and coal, in South Africa total of 199 participant€158 HIV positive, 36 HIV
negative and 5 unknownyere enrolled at baselinelhree followup visits were conducted at the
three mines unfortunatelywith a high rate of loss to followp.

Results

This study did not indicate amgsociation between hearirigss and HINhfectionor ARMherapy.
However, whawas striking was that whildhe prevalence of hearing loss amontigee HI\fpositive
group (47,9 corroborated the figureseportedin the literature, the prevalence amongst the HIV
negative group (51%) was much higher than expected.
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Conclusiorand recommendations
Even though the prevalence of auditory manifestation in people living with HIV may be higher than

in those who are Hiegative, in mineworkerghis difference may be minimised to levels below
statistical significancewing tonoise exposure. There is a possibility thaise may distort the
impact ofHIV/ARVs in mineworkers, suggesting that anh#iyative mineworker may still be worse

off thanan HIVpositive indivdual in the general population in terms of risk for hearing loss.

Alsq judging from the high proportion of participants who heducationup to secondary school,

the profile of atraditional mineworkemay be changinglineworkers @ae younger and more

educated than in thgast This profile may predispose themhihrecreational noisdevels, as a

result of listening to loud music via headphonedding to the effect of occupational noisehe

findings of thisstudy emphasizgthat noise is still the overwhelming contributor towards hearing

loss andtherefore, efforts to minimize exposure should be strengthened. While literature in support
of ARMIrugsbeing ototoxic is very confliictg, there is strongublishedevidence thathe

prevalence of auditorpdverse effects are higher in Hpdgsitive groups than in Hiegative groups.
Therefore strategies towards HIV / PTB awareness and prevention should still take priority. Prompt

initiation of treatment in those Wo are diagnosewith HI\fpositiveinfection should be encouraged.

Guidelines should be adjusted to incorporate high frequency audiometry attl@g-monthly for

the first year in thoseninerswho are on ARYherapy. HI\(positive patients should be educated on
symptoms of adversauditory effects so that they report these as soon as possiiee
managemens could enforcesixmonthly highfrequency audiometry as part of medical surveillance

for all HIVpositive mineworkes.
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DEFINITIONS

Hearing lossalso known as hard of hearing or hearing impairment is a partial or total inability to
hear. It may occur in one or both ears.

Normal range:10dB-25dB

Slighthearing loss< 26dB

Mild hearing loss : 26 dB!0 dB

Moderate hearing loss : 41 €5 dB
Moderately severe hearing loss: 56-dBdB
Severe hearing loss : 71 €80dB

Profound hearing loss : >91 dB

= =4 =4 =8 -8 -8 -9

Noise induced hearing logs a permanent sensorinedrhearing impairment resulting from
prolonged exposure to high levels of naise

Ototoxicity refers to the functional impairment and damage of tissues of the hearing and balance
organs

Onsite Clinids a facility offering primary health care and occupagibmealth care at the mines

ACRONYMS

MHSCMine Health and Safety Council
DMR:Department of Mineral Resources
FAQ Frequently Asked Questions
MOU: Memorandum of Understanding
NIHL:Noise Induced Hearing Loss
HIV:Human Immunodeficiency Virus

HAARTHIghly Ative Antiretroviral Therapy

AIDS Acquired Immunodeficiency Syndrome
ARV:Antiretroviral

ZDV:Zidovudine

DDI:Didanosine

SNHL Sensorineural hearing loss
CHLConductive hearing loss

MHL:Mixed Hearing Loss
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PTB Pulmonary Tuberculosis

ENTEar, Nose and Throat

NRTI Nucleoside Reverse Transcriptase Inhibitors
NNRTINonNucleoside Reverse Transcriptase Inhibitors

CD4Cluster of differentiation /4 glycoprotein found on the surface of immune cells such as
T helper cells, monocytes, macrophages, and dendritic cells.

IFCinternational Finance Corporation

8| Page



INTRODUCTION

BACKGROUND

South Africad historicallya mining countrywith the mining sectorbeing very important irthe
economy The mining sector islargest employerin the nonagricultural formal sector of the
economy(Strauss, Swanepoel, Becker, Eloff & 128i1,2) This population of workers, mosmthose
who work undergroundare occupationally exposed to high levels of npisaging from63.9 -
113.5dBA Edwards Dekker & Franz 1998) This exposure predisposésem to sensorineural
hearing lossHowever, noise is not the only risk factor for heariogsasage, infectious diseasesd
therapeutic drugshave amongst other factorsbeen implicatedin causng some form ofadverse

auditory effects. One such infectious disease is causededyiuman Immunodeficiency Virgsl1V).

In SouthAfricathe incidence oHIV/AIDShas increased rapidly from almost zerolid90 toabout
5.0 million people living with HIV/AIDS in 2001 (Chamber of Mines, 2003). According to the UNAIDS
(2008) report, the incidence and prevalence of the epidemic has increased since 2001 to date
indicating an estimated 5-million (12%) of 4&nillion total populationto be infected with HIV
According to the IFC report in 20HlV prevalence rates among South African miners frany 25%

to almost 50% in some areas in comparison to 18% in Zambian miners and 24% in Namibian miners.

Noise induced &aring losgNIHL)is a permanent sensorineural hearing impairment resulting from
prolonged exposure to high levels of nois€éhe Department of Mineral Resourcdsve indicated
(Strausset al., 2012 that on averagel, 600 cases oNIHLare reportedeach year. Furthermore,
research estimates that 20% of Hhfected individuals present with hearing loss (Dias,
Chunderdoojh & Hurkchund, 2006). Therefore, over and above the already known impact of noise
exposure on the auditory system in a mining workvieonment, research indicates that Hivected
individuals have a higher probability of acquiring hearing loss. This increased likelihood may be
noted due to the HIV itself, opportunistic infections, tumours or ototoxic medication, ARV
medication anl treatments used for opportunistic infectioresg. TB. In their occupational medical
retrospective study Dias, Chunderdoojh and Hurkchund (2006) found that when the effect of hearing
was adjusted for age and length of service,-pibgitive mineworkers hadignificantly more hearing

loss than the HNAnknown group at the gold and platinum mmestudied
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With the already high compensation claims for noise induced hearing loss in miners, HIV/AIDS seems
to present a compounded ridbr acquiting hearing lossTherefore, specific to thendividualminer,

it is important to understand the impact of HIV/AIDS on the auditory system.

Even though treatment with ARV medication has been the most important factor in contriiibng
AlIDSepidemicand prolongingthe suvival of those infected, ARMedicationhas been implicated as
one of the risk factors for hearing loskiterature that addressesthese implications is often
conflicing andit is sometimes inpossible toextend findinggo developingcountriesas moststudies
are based onstudies onparticipants from developed countries. This a motivation for more
researchto investigate theaudiological manifestationas a resuliof HIVinfection, HIV treatment,
compounded by noisand age more specifically in thenining environmentThere isa greatneed to

understand the possible synergistic effeof allthe risk factoron mine workes.

OBJECTIVES

One of the objective®f the present studywas to investigate the association between heatiogs
and the demographic characteristics of the study populatiime other objectives of the study were

the following:

9 Description of the prevalencegeverityand type othearing loss in miner workers

91 Determination of theassociation between hearing loss and HIV statusbined
with ARV treatmennt

91 Determinationof the risk factors that predispose miners to hearing loss i.e. age,
noise exposure, ARYfugcombination type, HIV stage, opportunistic infections and
occupational environment characteristics, and

91 Determinationof the risk of acquiring hearing loss as affected by HIV status and ARV

treatment.
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LITERATURE REVIEW

The burden of HIV

Globally, 36.7million [34.0;39.8 million] people were living with HIV at the end of 2015. An
estimated 0.8% [0-D.9%] of adults aged &89 years worldwide are living with HIV However, the

burden of the epidemic continues to vary considerably between countries anonggSukSaharan

Africa remains most severely affected, with nearly 1 in every 25 adults (4.4%) living with HIV and
accounting for nearly 70% of the people living with HIV worldwfslebal Health Observatoyata,
2015).The estimated prevalence rate iV infection among adults in the southern region of Africa

was >20 per cent at the end of the year 2000 (Corbett, EL. Churchyard, G.J. Clayton, T.C. Williams,
BG. Mulder, D. Hayes, RJ and De Cock, KM, 2002).

The Joint United Nations Program on HIV/AIDSAIDS) reporfUNAIDS, 2008hdicates that the
incidence rate in South Africa is larger thamiy single country in the worldiloreover, the top five
countries with the highest prevalenad HIVare neighbas of South Africa, which isf concern since

South African minesilwaysusea lot ofmigrantlaborfrom neighboring countries.

A more recen{UNAIDS, 2016¢port from UNAIDS still sedthat South Africa has the biggest and
highest profile HIV epidemic in the world, with an estimated 7 million pebéping with HIV in 2015.

In the same year, there were 380,000 new infections while 180,000 South Africans died from AIDS
related illnesses. The HIV prevalence remains high (19.2%) among the general poguls#oDS
2014). As much as the burden of Hisfies across countries, it also varies across regions within
countries. As an example, HIV prevalence is almost 40% irZfveNatal compared with 18% in
Northern Cape and Western Cape (SANAC & NDoH, 2012). AccordirigUBdIAIDS Cap Report
(2016, 48%of HIV infected adults aron ARVtreatment. Some of iese are economically active
people in thelabor market, contributing to the economy of South Africa and supporting their
families. The social and economic consequences of these figures are far rgamiihaffect every
facet of life and growth in South Africdhe economywill be negatively affectedy HIV and AIDS
owing to related costs, both direct and indirect (IOM, 2008).
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Theprevalence of HN\and PTBn the mining industry

Mineworkers are considered a population at risk for hififéction due to riskbehavia's associated

with migratory work patterns. Migratioisthusa contributing factor in the spread of HIV/AIDS in the
mining industry. The policy research working papeweloped by the World Bank development
group (Mines, migration and HIV/AIDS in Southern Africa, 2@k2minedwhether the very high
HI\tprevalence recorded in Swaziland and Lesotho, 26% and 26:8p&ctively, could be partially
explained by the massiveumbers of migrant miners employed in South African mines. The results
showed that the likelihood of HIV infection increases for individuals employed in the mines in the
age range between 384 years old. The paper also showed a previously unexplorethding.
women who have a husband or a cohabiting partner employed in the mining sector are also more
likely to test HIvpositive. Furthermore, miners and their wives are less likely to adopt safer sexual
behaviass. More specifically miners are less likglto abstainfrom sexor to use condoms during
occasional sexual intercourse. Similarly, women with a miner as a partner are less likely to abstain,
be faithful or use condoswith their miner husbands (Mineddigration and HIV/AIDS in Southern

Africa, 202).

In another study looking at thieehavia of Mozambicans working South African mines, an Hi¥.

prevalence of 22.3 % was reported. Multiple partnees multiple spouses, crodsorder relations

and multiple occasional partnerships, inconsistesindom use, and a high proportion of infected
mineworkers who do not know their HIV statuscreasethe risk of HIV transmission in this

L2 Lddzf  GA2y 6. FEfGFTEN® /{2 | 2NIK® ws Ly3IdztySe /=
Cooley. L, Gamings. BRaymond. HF, Young. PW, 2015).

Earlier South African teidies and reportsfrom the mining sector show digh prevalence of HIV
among mineworkers At a Business to Business conference on the impact of AHN, HIV
prevalence amorgt Goldfields employees was estimated at 26%, &md Clem Sunter othe Anglo
American Groupgjuoted an estimate of 20% Hprevalence in 2000These estimates are roughly
consistent with the 2&% prevalence observed among mawrkers by Williamset al. (2000. A
higher prevalence was reported by the International Finance Corporation Z003), this report
indicated that HIprevalence rates among South African miners varied from 25% to almost 50% in

some areasin comparison to 18% in Zambian miners and 24%amibian miners.
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Corbett, CharalamboudMoloi, Fielding, Grant, Dyd)e Cock, Hayes, Williams and Churchyard
(2004) performed a crossectionalHIV and TB disease survey QT 78 systematically recruited
African goldmine workers and found the HIV pralence to be 2% per cent.Even when compared

to other workforces in South Africa, mining (18%) followed by metal processing (17.3%) had the
highest infection rates. The survey found Botswana to have a prevalence rate of 24.6%;,Zambia

17.9% and Soutlfrica 14.5% (InternationdlaborResearch and Information Group, 2005).

PulmonaryTuberculosisRTB)is often coupled witlHIVinfection whichis a significant public ladth
threat in South Africa, especially amongst goldmivarkers.The World HealttOrganization(WHO)
estimated an incidence of 450,000 cases of active TB in South Africa in 2048il{facts.org/tb

statisticssouthtafrica). It is estimated that about 80% of the populatioh South Africa is infected

with PTB bacteria, the vast majority of whom have latéfitB rather tharthe active disease. The
highest prevalence of latent TB, estimated at 88% has been found amongst people in the age group
of 30- 39 years living in towngbs and informal settlements (ChamberMfnesFact Sheegt2016), a

range that overlaps with the age groug-44 yearsidentified as having a likelihood of Hifection

on the mines (Mined\ligrationand HIV/AIDS isouthern Africa, 2012).

Goldmine PTB infection rates stand at three in 100 workers, platinum 2 in 100 workers, while

coal mirrors the national rate with the diamond mining sector even lower (Churchgéi#).Due

to high noise exposure in the mining industngise induced hearing loss (NIHL) is a common
occupational diseasamongst mine workersThe problem is that ®me of the drugs used in TB
treatment can cause ototoxicity which is similar to NIHL in that both are sensorineural in nature. This

presents a dillama in the mining industrin general even more so in the gold mines.

Miners suffering from silicosis, an occupational lung disease caused by exposure to silica dust in gold
mines, face an almost thre®ld risk of developing activ®TB compared to miner free from
silicosis Slicosis andHIVinfectiontogether have dramatic consequences for the health of mimers
HI\fpositive miners suffering from silicosis are 15 times more likely to devEldp than HIV
negative miners free from silicosis (Corp€turchyard, ClaytonWilliams, Mulder, Hayes, De Cock
2000.

Given the possible compouimd) effect of all these risk factord,is reassuring thatite mining sector

has been at the forefronf the fight against HIV/AIDS by taking the initiative and malang
sustained effort to prevent new infections and manage the disease in South Africa. This has in part
been due to the fact that the impact of HIV/AIDS was to a large extent first felt in this sédtor

economy.
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The mining sector in South Africeoisligedby legislation to safeguard the health and safety of mine
employees and communities affected by mining operatjass stipulated in the Mine Health and
Safety ActNo. 29 1996(South Africa, 1996 while theChamber provides expert advice and sofp

to members in the fields of occupational healtfB and HIV/AID$lowever, despite these efforts,

the prevalence of hearing loss amongst mineworkers remains persistently high.

The pevalence of hearing loss in the mining industry

The auditory systenis comprised of the outer ear, middle ear, inner ear, auditory nerve, central
auditory pathways, and auditory cortex. Sounds eaptured sensed, and processed in a complex
way and finally interpreted by the brain. Hunmssense and process sounds witletauditory system

and the entire central nervous system forms a unique sensation that together with auditory input is
altered and modified by many psychological aspects and also by the input of our other senses. This

process is calledearing(Yost 2000).

Impairment to the auditory system can be described according to the type, severity, symmetry and
laterality. There are different types of hearing losseamely, conductive, sensorineural, central and
mixed. Conductive hearing loss describes any abnormality in the outer and middle ear space that
causes a decrease in the air conduction of sound. Sensorineural hearing loss describes hearing loss
caused by atormalities in the sensory organ of hearing, the cochlear or the neural structures of the
hearing pathway, the auditory nerve. Central hearing loss describes impairment in the more central
structures of the auditory system beyond the peripheral auditorgveeLastly, a mixed type of

hearing loss implies abnormalities found in more than one area of the different subtypes mentioned
before but mostly presents as a mix of conductive and sensorineural hearing#aisty in Mines

Research Advisory Committed)db).

Noisy workplaces have a heavy impact on health around the wuVierldwide, the burdenof
hearing lossattributed to occupational noise is 16%, ranging from 7% in the Western R#cific
subregion to 21% in the Western Pacifit subregion. Malesusually experience greater exposure

to noise at work than females, due to differences in occupational categories, economic sectors of
employment and working lifetim¢Occupational Health: A Manual for fAgry Health Care Workers,
2001), an observation thatay have slightly changed since, seeing that more women are being

employed in jobs that were traditionally regardedraserved formales
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Nelson, Nelson, Concigarrientos & Fingerhu{2005 found the burden of occupationahoise
induced hearing los\(HD to be generally higher in the less deleped regions of the world. This
could be partially explained by the fact that while occupational health legislation may be in place,
the policing may still be lax, allowing for rase of proper personal proteet equipment. Further,

HIV and related opportunistic infections that may lead to hearing loss are more prevalent in

developing countries.

Disturbing esults of a studynvestigating the profiles of noisexposure in South African mines
indicated that the mean noise exposure levels in the South African mining industry dafige
63.9- 113.5 dB A, and that approximately 2% of miners in the industry werexposed to noise
levels above the legislated occupational exposure limit of 85 dB A (Edeteds2011).Of even
more concern is thabBtrausset al. (2012 found that,despite hearingprotection programs exposure
to occupational noisavas significantly associated with increased hearing threshadsng South
African gold miners The same studyindicated further that the noiseexposed groups had
significantly higher prevalence rates of HFA346 and LFA512 hearing loss than the control group. The
largest difference in prevalence of HFA346 hearing loss otiserved for ages 2 years, an age
groupthat overlaps withthe age group30-44 yearsidentified as having a likelihood of HIV infection
onthe mines (MinesMigration and HIV/FDS irsouthern Africa, 2012).

Two studies fromneighboringAfrican countries reportedh prevalence ofNIHLof 47% KMasaka,
2009 Musiba, 201%. The results of the studgonducted by Masaké&009 indicated the highest
noise induced haring loss prevalence (60%pasfound in thegroup that wash0 years and olderin
contrasti 2 a I d2009)iMlidig, Musiba (2015 found the highest proportion of miners with
NIHL (60%)0 be among the youngest age group (Z® years)Musibal¥ 009)finding suggests
that perhaps the profile of a traditional mineworker has changed. Mineworkers are younger and
more educated tharin pastdecades.This profile may predispose them to recreational noésg.

very loudearphonemusic adding to the effect obccupational noise and possible Hiiédication
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The association betweehrll\-infection and hearing loss

By the end of 2013it was establishedthat 35-million people worldwide were living with HIV
infection, with 24.7million (71%) living in suBaharan Africa (UNAIDS, 20X®he HIV pandemic in
Southern Africa, now in its third decade, remains one of the biggest challenges thiofptre
continent has to confrorit (Khoza, 2011&okouo, Vokwely, Noubiap, Nouthe, Zafack, Ngom, Dalil,
Nyeki, Bengono & Njoakt al., 2015)

TheHIVbeingneurotropicaffects the auditory pathway and the dysfunction could be unilateral or
bilateral, synrmetrical or asymmetrical and the hearthmss could be catuctive, sensorineural or
mixed(Mataset al., 2010). A possible etiology is a primary infection by HIV of either the central
nervous system or peripheral auditory nerve. Other possible causes of the sensorineural hearing loss

in HIlinfected patients include neoplasms and past medications, particuaifiyototoxic agents.

Dias, Chunderdooj& Hurkchund (20063tudied the effects that HIV/AlD&fectionexertedon the
occupational health and safety of the mining workfarimeusingspecifically on the adverse effects
noted in cognition, recovery rate fromjuries, functional work capacity and the auditory systémn
name a fewThey found higher ratesf hearingimpairment remprted among HI\positive miners

compared toanunknownHI\tstatusgroup.

According to Prasad, Bhojwani, Shenoy and Prasad (2006p 90% of HNhfected individuals
experience ear and hearing related dysfunctions during the course of their digessdti,De Melo
Lanzoni,Dos Santos, Erdmann and Meirelles (2013) further specified thginfected individuals

between 18- 58 yars of age may be at risk for ear and hearing related dysfunctions.

The lterature indicates thatin terms of hearing loss type, onset, and severity, the range of the
findings in people living with HIV/AIDS is very willeeonset of thehearingloss maybe sudden or
graduaj while the severity of the loss may range from mild to severe (TiG¥valsh, 1989; Lalwani

& Sooy, 1992; Bankaiti$996; Friedmar& Noffsinger, 1998; Chandrasekhetr al., 2000; Khoz#&
Ross, 2002; Kho#hangase, 2010). Imost cases,reported ear- and hearingrelated symptoms
include hearingoss, otalgia, vertigo, tinnitus and otorrhedaf der Westhuizen, Swanepoel, Heinze

& Hofmeyr, 2013
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In a systematic review of HIV and hearlogs related studies, Brazilian authorsadjo, Zucki,
Corteleti, Lopes, Feniman & Alvarendd2012) found 38 published studies that established the
presence of conductive, sensorineural, and mixed hedoegs in addition to tinnitus and
vestibular disorderswith etiologes attributed to opportunistic infections, ototoxic drugs or to the

action ofthe HIVitself.

In their study conducted in South Africa, Khoza and Ross (2002) reported that Heasngas
established in 23% of Hikfected individualsin agreement,Makau, Ongulo and Mugwe (2010)
found in their 272 participant studythat 28% presented with heariAlgss. Matas, Santos Filha,
Juan, Pinto, & Gongalves (201@wever, estimatedigherhearingloss prevalence iop to 50% of

HI\tinfected individuals.

oDocumented prevalence and incidence of hearing lodsl\dinfected individuals in studiegaries
extensively due to vastly diverse samples, variable research methodologies, as well as different
participant inclusion criteria used in published researchdis' (Khoza, 2011a). Nonetheless,
numerous research findings have reported on sensorineural, permanent, hearing lossiirfiedt®d
individuals being more than double in prevalence compared to normal controls (Khoza, ¥ahla;

der Westhuizen, Swanepgdfieinze & Hofmeyr, 20).3However, Khoza (2011b) outlines that not all

of the aforementioned studies utilized sensitive ototoxicity monitoring protocols such ashiira
frequency audiometry andr otoacoustic emissions to detect hearing loss in -idfected

individuals.

The causes of hearingloss in HINinfected individuals havenot been establishedThe lterature
suggests that hearing is affected as part of the inevitable deterioration of the immune system
associated as wellith accompanying opportunistic infectior{§olouo et al. 2015).Assdii et al.
(2013) notethat, with regard to opportunistic infections associated with hearing loss, the prevalence
of central nervous system infections by cytomegalovirus (CMV) mustisidered as a likely cause

for hearingloss in HINInfected ndividuals.

Furthermore, Araljcet al. (2012)asserts in their systemic review findings thating to variable
plausibiliies for causeof hearingloss in this population, it has not been pitds to establish a
typical audiological profile for HIV/AIDSfected patients although hearingoss is a frequent

alterationamong these grougpof patients.

17| Page



Mngadi (2003)documented that thevarious impairments and disabiés caused by HIwifection
cannegatively affect the biomedical, psychosocial, spiritual and emotionalbeely of the patient.
Hearingloss in particular, has been documented to adversely affect communication as well as
increase social isolation, withdrawal, depression, deneeatid maladaptiveehavior(Chew & Yeak,
2010). Therefore, for Hiwfected individuals, hearing log®ntributes towards a pooreruaglity of

life and wellbeing Khoza (2011b) motivates for the importance of understanding the effects of HIV
infection and the treatment thaeof on hearing as Hivfected individuals are living longer due to

highlyeffective AR\therapy (HAART).

The association betweemedication (ARV &TB treatment) andhearing loss

Medication is one othe best methods to combat lifthreatening diseases. Howevéhe literature
indicates thatsomemedicatiors not only fight the diseasdyut it can render serious toxic side
effects to the body. One such toxicityat®toxicity, referring to damage to the auditory functions
that could esult in permanenhearing loss (Rybak & WhitworthQ05 Roland & Rutka, 2004Any
medication with the potential to cause toxic reactions to structures of the inner ear, including the

cochlea, vestibule, semicircular canals, and otoliths, is considered ototoxic (Khoza, 2011a).

There are more than 200 known medications (presaip@énd oveithe-counter) on the market that
can cause ototoxicity (Rybait al, 2005). These include medicines used to treat serious life
threatening diseases including, cancer, heart disease, HIV/AIE, etc. Ototoxicity caused by
these medications aabe reversible whertherapy is discontinued; however, in most cases the

ototoxic damage is permanent.

Ototoxicitypresentswith hearingloss,resulting from the damagto the hair cells in the cochlea
(Bardien, Harris, Schaaf, PetersBr,Jong, & Faga@009. The ototoxicityinduced hearingoss is
classified as a sensorineural hearlngsandcommonly ceoccurs with tinnitus (perception @fural

ringing or buzzing) amdr dizzhess (Duggal & Sarkar, 2007).

Treatment of HI\infectionwith ARV medicabn has been one of the greatestivancesn
controllingthe disease progression. Howevaentitiating antiretroviraltherapy (ART) in Hipbsitive
individuals mayoe putting them at risk chudiovestibular dysfunction as some of the agesush as
Nucleosde Analog Reverse Transcriptase InhibiipiRTIshave been suspected chusingototoxic

side effects Mathews, Alberi& Job,2012; Simdonret al., 2001).
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Specific to HIVand PTBmedication, there have been numerous studies establishing permanent
ototoxicity in individualsbeing treated for HI\: and/ or PTBinfection (Fokouoet al, 2015).The
medication includesNucleoside Analog Reverse Transcriptase Inhib{fdRTIs), zidovudin(ZVD),
didanosine (ddl) as well as aminoglycosides (kanamycin, streptomycin, amikacin) which have been
implicated indamageto the sensory cells in the hearing organd thethe organ of corti, and thus
resulting in sensorineural hearidgss (Khoza & Re, 2002) An integrated review byAssuiti and
colleagues(2013) specifically reported on 13 quantitativeuslies that had indicated that ARV
medicationscouldresult inototoxic effects.In agreement, one such cellular study Tyein Kaline¢
Parkand Kalinec (2014gstablished that HIVand TBmedicationtogether have deleterious effects
on patientf2hearing Furthermore, Ishiyama, Ishiyama, Kerber and Baloh (2006) indicate that
ototoxic medicationcan also affecthe balance system which is a result @aamaged inner ear

labyrinths andor the vestibulocochlear nerve.

Interestingly, Marra, Wechkin, Longstreth,Rees, Syapin, & Gates, (it®@@8)igatedthe impact of
Nucleoside and Nucleotide Reverse Transcriptase Inhibizidevudine (ZDV), didanosinedl),
stavudine (d4T) and zalcitabine (dd@hd reported a significant association between heativgs

and AR/ therapyin persons older than 35. However, age could not be excluded as a confounder.

Case reports implicating NRTI of sensorineural healisg have been published, one in a claifdl

two in adults 44 years andlder. However, in all three reports, other risk factors for hearing loss
could not be ruled out (Christensen, Morehouse, Powell, Alchediak, & Silio, 1998; Simdon, Walter,
Bartlett, & Connick, 2001; Williams, 2001). Intfaall three cases in Simdaet al.@ reportincluded

noise induced hearintpss.In contrastto these reports,Schouten, Lockhart, Rees, Coll&rMarra

(2006) attempted todetermine whether ZDV and ddl are assodbt®ith sensorineural loss in
HIVtinfected patients. They couldot find any association between thdRTIsstudied and hearing

loss.

The lterature presents conflicting evidence with regard to thegativeimpact of ARMherapy on
the auditory system. The studies in support of the notion aifiten lacking in evidence in terms of
the longterm effects of these drugsthus, rendering the notion an unproven suspicion.
Unfortunately, both HIVand PTBinfection are lifethreatening diseases which have no immediate
cures but rather require management withlongterm medication. Therefore, with the increasing
incidence of bothdiseasesthere is a higher risk for ototoxicity the treatment of both (Khoza,
2011a).
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METHODQOGY
Design and study population

The study was conducted on a prospective cohartwhom a total of 203mineworkers were
enrolled. The participants were followagp at 3-4 months intervals for a period of 18 months. The
participants were enrolled from three different research sites as shawiable 1, below. The
original intention was to sample a total of 200 participants from four mines produgjoll,
diamonds, mal and platinum, to allow for generalization tfe results acrossommodiies. We

could not successfully secure a diamond site for the research.

Tablel: Enrolled participants at baseline

Research site Commodity Number of participants
Matla Coal Coal 51
Modikwa Platinum Platinum 90
Sibanye Gold Gold 62

Recruitment

At all research siteonvenience sampling was used to recruit and engotential participantsvho

were at the occupational health clinion the day of the baseline visiThese mineworkersvere
informed about the research and allowed to enroll voluntarily. Once the purpose of the research
was explained to theotential participants, they were given the opportunity to voluntarily enroll in

the study.

It was later found thatibout 15% of the participants who had volunteered for the study assuming an
HI\fnegative status turned out to be positive, contributing to a much biggerpdBitive group.
Once the participars hadvolunteered to be part of the study they would go throutjte following

four phases:

1. Thorough explanation of the research

2. If they agreedthey would sigraninformed consenform.

3. The questionnaire would be administered and {ddvnselling and testinHCTwould be
offered to those who claimed an Hhégativestatus Onlyfive out of those who claimed an
HI\fnegative status refused to be testethose who claimed to be Hpositive were not
tested. Their status was confirmed through the HdIMic at the research site.

4. Otoscopy and Pur@ne Audiometrywere conducted

5. Steps3 and 4 were repeated at followp visits
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Once HCT had been offered to all participants assumeehétisitive, the participants werenrolled

in the mannerdepicted in Figure 1.

TOTAL STUDY POPULATION
N=199

ARV EXPOSED

N=66

|

HIV POSITIVE

N=158

N=99

ARV NAIVE

l

HIV NEGATIVE

N=36

Figurel: Groups and subgroups @rticipants

Table2: Number of participants who attended follow up visits

|

Research Commodity No. of No. of participants | No. of participants | No. of participants
site participants at at 1™ follow-up at 2" follow-up at 3° follow-up
baseline
Matla Coal 49 29 39 26
Modikwa Platinum 90 11 NOT VISITED 06
Sibanye Gold 60 31 20 28
TOTAL 199 71 59 54

Forseveral reasons, the study suffered a high rate of-tog®llow up. Table& shows thenumbers

that attended subsequent followup visits.

Otoscopy andPureTone Audiometry

Otoscopy wasarried outto assess outer ear structures. Normal otoscopy was consideread as

visualization of the tympdn membrane with a light refleXAudiometry was performed to assess the

lowest audible threshold acrossght frequenciesin the range,0.25 - 8 kHz with normal hearing

classified as thresholds at or below 26 dB HL with both amd boneconduction assessments

(Silman& Silverman, 1991 Table 3 depictsthe severity levels of heariAgss. ManuaPure Tone

Audiometrywascarried outaccording toKatz (200Q)When participantdiad normal, air-conduction

thresholdsno bone conductionvasdone.
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Table3: Severity levels for hearing loss

AVERAGE HEARING LEVEL (dB) DESCRIPTION

< 26dB Normal range

26 dB-40dB Mild hearing loss

41 dB-55 dB Moderate hearing loss

56 dB- 70dB Moderately severe hearing loss
71 dB - 90dB Severe hearing loss

>91 dB Profound hearing loss

Validity andreliability

Only trainedresearch assistants administerttte questionnaire. The hearing test was done by our
consultant audiologist at baseline who then trained the technicians to conduct the test at
subsequent followup visits. The equipment used was upgraded to pick up hetwsgyat very high
frequencies and were calibrated as frequently a®quired All precautionay measures for
audiological assessments were followed in terofsoptimizing testing environment.e. correct
earphone and bone vibrator placemeand proper probe placement fdgmpanometry.The same

research assistants and data capttgevere used throughout the duration of tigoject

Ethics

The study was approved by the Limpopo Ethics Research Committee.

Dataanalysis and statistical procedures

Datawere captured and analyzed usimdjcrosoft Exceind Stata Version 10Thec? test was used to
examine the association between hearitogs and selected demographics. A univariate logistics
regression model was used to assess the risk fadtmrdearingloss. Statistical significance was
RSTAYSR |a LI X nonpo

22| Page



RESULTS

Demographigrofile of the participants

A total of 199 employees participated in the study. Of these, 25% weredodan 30% froncoal and
45% fromplatinum mines. Tabld shows the demographic profséeof the participants by place of
employment. A significalt lower proportion of the employees aMatla Coal had attained
secondary or tertiary education compared to their countergattthe other two minegp<0.05). All
employees atSibanyeGold eared more than R5000 compared tahe other two mines(p<0.05).
The same mine had the highest proportion of participants over the age qf<dDQ5) but hadmore

mineworkersworking on the arface compared to other ming®<0.05).

Table4: Demographicharacteristics of the study population

Total (n=199) | Gold (n=49) | Coal Platinum (n=90) | p-values
(n=60)
Gender
Male 185(93) 45(92) 58(97) 82(92) 0.479
Female 13(7) 4(8) 2(3) 7(8)
Level of education
None 13(7) 5(10) 2(3) 6(7) 0.030
Primary 57(29) 13(27) 26(43) 18(20)
Secondary 117(59) 26(53) 31(52) 60(67)
Tertiary 12(6) 5(10) 1(2) 6(7)
Monthly income
Xwpnnn 6(3) - 2(3) 4(4) <0.001
>R5000 193(97) 49(100) 58(97) 86(96)
Age (years)
<30 19(10) 1(2) A(7) 14(16) 0.033
30-39 52(26) 10(20) 16(27) 26(29)
40-49 59(30) 13(27) 21(35) 25(28)
50+ 69(35) 25(51) 19(32) 25(28)
Exposurego noise
Yes 40(20) 6(13) 11(18) 23(26) 0.162
No 157(80) 42(87) 49(82) 66(74)
Work area
Underground 175(89) 38(78) 50(85) 87(98) 0.001
Surface 22(11) 11(22) 9(15) 2(2)

The medical conditiosof the participantsare shown in Table 5Nearly half (45%) were seen by a
doctor in the last 6 months. However, 6586 those said their conditions were not related tcaE
Nose andThroat/ARV/HIV/TB. More than half (56%) said they have medical probldrasatinebut
63% werenot related to ENT/ARV/HIV/TB.
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Table5: Medicalconditions andvisits todoctors at baseline

'N | %
Consulted with aoctor in the last 6 months
Yes 90 45
No 109 55
Reason for consultation
ENT/ARV/HVI/TB 29 32
Not related 58 65
Unspecified 3 3
Have medical problem at the moment
Yes 111 56
No 87 44
Medical problem related to:
ENT/ARV/HVI/TB 41 37
Not related 70 63

HIV prevalence andréatment

More thantwo-thirds of the participants were HFgositive of whom 42% were on ARYedication
whilst 58% werenot (Table §. More than half (56%) of the respondemitad beenon treatment for

more than 12 mortis and most (55%) were on FDC.

Table6: HIVprevalenceand treatment at baseline

All age groups Adults aged <50years

No % No %
HIV Status
Positive 158 79 104 80
Negative 36 18 22 17
Unknown 5 3 4 3
/T 1266860
Yes 66 42 37 36
No 92 58 67 64
Duration on ARVs
<6 weeks 10 15 8 28
6weeks z 12 months 5 8 4 14
>12 months 37 56 17 58
Unspecified 14 21 = =
ARV types
FDC 36 55 22 59
ABC 15 23 7 19
ATRIPLA 1 2 1 3
Unspecified 14 21 7 19

Hearing Loss: Prevalencegpes and severity

Table7 presents the prevalence of hearing loss. Nearly balthe participants (48%) had hearing
loss and in 81% of these participant®th ears were affectedEven when the participantsver the
age of 50 years were excluded, the prevalence of hearing losdigh (39% The types and severity

of hearing loss are in shown in Table 8
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Table7: Prevalence of hearinlpss at baseline

All age groups Adults aged <50years
N | % N | %

Hearing-loss
Yes 89 48 46 39
No 96 51 71 61
Affected Ear
Right 10 11 7 15
Left 7 8 5 11
Both 72 81 34 94
Fourteen (14participants had missing data
Table8: Typesand severity of hearingpss

Left Ear Right Ear Both Ears

(n=7) (n=10) (n=72)
Types of hearing loss
Sensorineural 1(14%) 3(30%) 27(38%)
Mixed 3(43%) 2(20%) 8(11%)
Conductive 2(29%) 2(20%) 3(4%)
Unspecified 1(14%) 3(30%) 25(35%)
Combination (x2) 8(11%)
Hearing loss severity
Slight 1(14%) 2(20%) 1(1%)
Mild 3(43%) 2(20%) 10(14%)
Moderate 2(29%) 4(40%) 17(24%)
Severe 1(14%) 2(20%) 7(10%)
Profound - - 2(3%)
Combination (x2) - - 34(48%)

Hearingloss by demographics at baseline

The association between hearihgss and selected demographic characteristics of the ppdits is
illustrated in Table 9There was no statistidgl significant association betweehearingloss and
work area, selfreported noise exposure, Histatus, ARMypes and duration on ARYherapy
(p>0.05). Hearintpss was significalyt less common ircoal mine workers compared to other
mineworkers (p<0.05What was striking washat while the prevalence of hearing loss in the HIV

positive group was high (&26), 51%f the HInegative participants had hearing loss.
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Table9: Hearingloss by selected demographics for all age groups

Loss Hearing p-values
Yes No
Commaodity
Gold 33(37) 16(17%) 0.005
Coal 27(30) 33(34%)
Platinum 29(33) 47(49%)
Work Area
Underground 79(89%) 82(87%) 0.750
Surface 10(11%) 12(13%)
Noise exposure
Yes 17(19%) 19(20%) 0.908
No 71(81%) 76(80%)
HIV Status
Positive 69(79%0) 76(78%) 0.066
Negative 18(21%0) 17(17%)
Unknown - 5(5%)
hy ! w+xQa
Yes 34(49%) 31(41%) 0.305
No 35(51%) 45(59%)
ARV types
FDC 19(56%) 17(54%) 0.773
ABC 8(24%) 7(23%)
ATRIPLA 1(3%) -
Unspecified 6(18%) 7(23%)
Medicalproblem related to:
ENT/ARV/HVI/TB 57(64%) 49(52%) 0.087
Not related 32(36%) 46%)
Duration on ARVs
<6 weeks 4(14%) 6(26%) 0.089
6weeksg 12 months 1(4%) 4(17%)
>12 months 24(82%) 13(13%)
Age (years)
<30 2(3%) 13(14%) 0.002
30-39 20(23%) 27(28%)
40-49 24(27%) 31(32%)
50+ 43(48%) 25(26%)

Table 10 shows the prevalence of hearlogs by selected demographics f@orkersunder the age
of 50 years Even when the participants over %@ere excludedin the statistical analysighe
prevalence of hearing loss in the Hi¥gativegroup wasstill high (48%)lt has to be pointed ot
though that the occupations fothis HIV negative group were not known when the report was

prepared.
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Table10: Hearingloss by selected demographics those under 50 yearsf age

Loss of Hearing p-values
Yes | No
Commaodity
Gold 15(33%) 9(13%) 0.012
Coal 17(37%) 24(34%)
Platinum 14(30%) 38(54%)
Work Area
Underground 40(86%) 59(86%) 0.826
Surface 6(14%) 10(14%)
Noise exposure
Yes 12(26%) 14(20%) 0.418
No 34(74%) 57(80%)
HIV Status
Positive 36(78%) 56(79%) 0.202
Negative 10(22%) 11(15%)
Unknown 4(6%)
hy ! w+xQa
Yes 16(44%) 20(35%) 0.402
No 20(56%) 36(65%)
ARV types
FDC 10(63%) 12(60%) 0.309
ABC 4(25%) 3(15%)
ATRIPLA 1(6%) -
Unspecified 1(6%) 5(25%)
Medical problem related to:
ENT/ARV/HVI/TB 7(44%) 13(65%) 0.202
Not related 9(56%) 7(35%)
Duration on ARVs
<6 weeks 3(21%) 5(33%) 0.369
6weeksg 12 months 1(7%) 3(20%)
>12 months 10(72%) 7(47%)
Age(years)
<30 2(4%) 13(18%) 0.087
30-39 20(43%) 27(38%)
40-49 24(52%) 31(44%)
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As can be seen in Table,Jds age increaskthe risk of hearing loss amongst the partinips also
increasel (p<0.05).

Tablell: Univariate logisticegression fohearingloss

Odd (95% CI) p-values
Age
<30 1
30-39 3.8 (0.9;15.4) 0.058
40-49 4.6(1.2;18.1) 0.029
50+ 12(3.0;47.3) <0.001
HI\tstatus
Negative 1
Positive 0.82(0.4;1.6) 0.553
On ARMtherapy
No 1
Yes 1.37(0.7;2.7) 0.359
Hours of noise
Xp 1
6-7 0.85(0.2;3.6) 0.824
Xy 0.67(0.2;2.5) 0.547
DISCUSSION

The authors were not aware of any stulkiySouth Africato date that had attempted to follow mine
workers ovettime in orderto observe differences in auditory manifestations in 4gdéitive and HIV
negative groups. A report prepared for the MHSC in 200Biaset al. (200§ compared auditory

manifestationsof HI\fpositive mineworkerso those of an HINXUnknown group.

Most of the studies that have been conducted to establish an assioci between HIV, ARV
treatmentand adverse effects in the auditory systevare crosssectional and case repis in
nature and therefore causality could not be confirmédost, including locastudiessourced their
study samples from health facilitie®ur study compared hearing lassbetween HIVpositive and

the HIVfnegative group$n the mining sectgramong active mine worker

We had significantly more male than femalarticipantsowing to the fact thawomencontinue to

be underrepresenteddespite steps which have helped to integrate women into the industry
(Worldwide Recruitment Solution2014).Fifty-six percent of our study population was between the
ages of 30 49 years, a range that overlppdwith what was referred to in thé&iterature Revievas
having a likelihood of Hiwifection incrementon the mines (MinesMigration and HIV/AIDS in

southern Africa, 2012).
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Almost 70% of our study populatidrad receivedsecondary education. Thisd to speculation that
perhaps the profile of the traditional mineworker is changing, withrtnedernmineworker being
younger and more educated. This profile coalsopossibly mean that theurrent mineworker
would be exposed tanorerecreational noiséhan was the case in the pasticludingexcessively
loud music via earphonesr headphons, adding to theeffects ofoccupational noise that is in most

cases already an inherent part of the jiolthe mining sector.

At baseline 18% of the study population werHIVfnegative. Of the 79% that were found to bié\+
positive, 686 wereon three combinations of AR¥hedicationsof which allwere on

2 Nucleoside/nucleotidd&Rkeverse Transcriptase Inhibitasd 1INon-nucleoside/nucleotideeverse
transcriptase inhibitorsThe currenistudy found no significant differensén the prevalence of
hearingloss between the HPgositive group and the Hikegativegroup, na werethere any
differencesbetween the HIVpositive group on treatment anthe correspondinggroup that was not
on ARMreatment. Table 12 refers tother studies that were found to be comparable to the current

study.

Tablel12: Relevanbther studiescomparableto the presentstudy

AUTHOR STUDY Age Frequencies| Hearing loss| Hearing loss | Hearing loss Country of | Study
DESIGN years assessed prevalence | prevalence prevalence Origin population
HIV Positive | HIV Negative | HIV Positive group source
group group
Not on On ARVs
ARVs
Current Prospective | 24-59 0.258 n=69/145 n=18/35 n=35/80 | n=34/65 | South 3 S African
Study Observational 47,5% 51,4% 43% 52% Africa Mines
Khoza & Observational| 18-55 Unspecified | 23% N/A N/A South Gauteng
Roos 2002 Africa Hospital
Makau et al | Cas€ontrol 1850 Not n=546 N/A n=273 N=273 | Nairobi Kenyatta
2010 study specified 34% 28% Hospital
Khoza 2011 | Prospective | 20-46 0.258 n=150 N/A N/A South
Qualitative 10% Africa
Schouten et | Prospective 2351 0,2512 N/A N/A n=33 N/A United Health
al., 2006 Observational No State of Facility
difference America
Van der Cross Mean 0,54 n=200 184 N/A South Military
Westhuizen | sectional Age 14% Africa Hospital
2013 37,9916
,6
Matas et al.| Cross 20-60 0,258 n=45 n=30 n=18 n=27 Brazil Sao Paulo
2014 sectional 27% 48% Department
of Health
Fokouoet Prospective 15-49 0,1258 n=90 n=90 No difference in Cameroon | Health
al. 2015; Case Control 27,2% 5,6% hearing loss Facility
Torre et al., | Prospective Mean 0,258 N=222 N=174 N/A United Variousbut
2015 Observational| Age 18% 12% State of not at the
46-55 America mine

29| Page




In 2011, Khoza recruited 150 patients at an ARV atiradGauteng Hospitalith the aim of
investigating their auditory statu®©f the total sample of 150 participants evaluated, 135 (9@%¢
found to havenormal hearingand 15 (10%) presented with clinib@aring lossThese participants
had a CD4 courtf less than 200 cellsmm? (Khoza, 2011)n our current study 47,% of the HIV
positive participants presented with hearing loss, a proportion thasmuch higher than what
Khoza2011)reported. BEven more surprising was that the prevalence of hearing loss in our HIV
negative group was much higher than the prevalence of hearing loss in thgokifive groups in

studies referred to in Table 12.

Thedif SNBy O0S 06SG6SSy YK2I1 I Wwa alwadthatShelrefrifitedifrémail 2 F K
very sick pool.e. patients with a mean CDekllcount of 123,5 cells/miwhile the current study

hadrecruited from an active workforce. According to the World le®rganisation (WHO) HIV

Ot AYAOIFt adl3Aay3as gKIG GKAA ¢g2dAR AYLEE A& GKIFG
from HIVirelated ailmentse.g.PTB andtitis media than the current group and therefore presedt

a higher proportiorwith heaiing loss. Howevethis was not the case. The other major difference

that can beassumeds & G KI Y K 2 had@dtbeen#xpdded tehigh Bvelsiotioise while

participantsin the current study werenore exposedo noise than the general populatias a result

of being mine workers.

In the same study Khoza presedtevidence that her study group was representative of the South
Africansituation (Dorrington, Johnson, Bradshaw, and Darfié)6).The age range infk2 T | W&
sample was 2@6 years. Our finding of highg@revalenceof hearing lossn both the HIVpositive

and HIvnegative groupstill held even wherparticipants over 50 years of agere excludedThis
implied that, specifically for the Hegative grop, age was not a contributing facttr the high
prevalence of hearindgpss.Thisfinding may also be interpreted as suggesting that even though the
prevalence ofhdverseauditory manifestatiosin people living with HIV may be higher than in those
who are HIvhegative,n mine workers this differeedsreducedo levels below statistical

significanceas a result ohoise exposure.

A prospective case control study conducted at a public heatttitfy in Camerooyfollowed 90 HI\A
positivepatientsand 90 HI\Anegativecontrol patientsagedl15 - 49 yearsfor a period of 11 months
(Fokouo, VokwelyNoubiap, Nouthe, Zafackilgom, DalilNyeki, Bengoné& Njock 2015).The

participantsdid not haveany history of hearinglossor treatment with knownototoxic drugs.
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Thecasegroupwasfurther dividedinto three subgroups30 HAARTnhaivepatients,30 patients
receivingfirst-line HAART|Nd 30 patientsreceivingsecondline HAARTIN this study, the HIV-
infectedgroupreported more adverseauditory effectsthan the HI\tnegativegroupandthe
differencewasstatisticallysignificant.Fokouoet al. (2015)referred to two other studieswhichthey
reviewedascorroboratingevidencefor this findingi.e. Mata Castro, Yebra Bangtutor de Ureta

Villarreal Garcihomas & GarciaLopez(2000 andWang Yang & Dong(2006).

Despitethe higherprevalenceof auditory findingsin the HI\Apositivegroup,when Fokouoet al.

(2015)ran a univariatelogisticregressiommodel,age, sex, CD4 cell count, and duratiotéfART

were found tonot signficantly influence hearing loss. The WHO regards acébdount of between

200-349 cel/mm? as advanced immunosuppression amdount below 20Gells/mm? as severe
immunosuppression (World Health Organisation, 2005). Twaintg per centof the HI\/positive

group inthe Fokouoet al. (2015)study had a CDéellcount of less than 200 cétim?, placingthem

in the same category aéhoz& HIVpositive group recruited at a Gauteng Hospital (Khoza, 2011).

{AYAE N G2 YK2O0B0R WwaRRmd®d fthelodCDORRAIG Ay C21 2dz2 Wa
did not seem tchave led toa higher prevalence of conductive hearing loss as it accounted for the

lowest prevalence of all hearidgss types. Conductive hearing loss in our sample accounted for

only 5% of all hearintpss types.

Ly C21 2 dzFudthier 5a%oittie &I¥positive group had a CDekllcount between 208499
cellymm?, It wasuncertain what proportion of this group would be regarded by the WHO as
sufferingadvanced immunosuppression. If it is assumed that more patrticipants in this group were
below the 349 cefmm? cut off for advanced immunosuppressidhen Fokouoet al.Q & -ploditive

group wouldhavemostly comprisd of participants with advanced to severe immunosuppression

yet the CD4 count did natignficantlyaccompanyhearing lossThisobservation suppoedY K2 T | Q&
argument that what carries the heavier weigiisthe progressive decline theLJ G A Sy (i & Q
immunologi@l status which potentially placalem at risk for beng susceptible to the neurotrop

nature of the diseaseausingSNHlandnot the repottedly commonotitis mediathat sometimes

results in CLKFriedmanr& Noffsinger, 1993; Gol& Tami, 1998; Lalwai&i Sooy, 1992)Indeed the

present studyalso recorded SNHL as the commonest of all hedosgtypes.
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There was no differencén thepresent studybetween hearingoss prevalencéetween the HIV
positive group naive to ARV and the Hbéitive groupreceivingtreatment. Also, there was no
difference in hearingoss prevalencamongst the groupseceiving differenfARV drug

combinations

Similarly, Fokouet al. (2015)alsofound no significant differencen terms ofPure Toneaverages
and susceptibility to hearinigss between HAARTaive patients and those receiving HAARGkouo
et al,, 2015) In fact,they found thatpatientsreceiving secorine HAART had significantgtter
Pure Toneaverageghan the HAARfaive patientsyho inturn had beter results than the patients
receiving firsline HAARTThisfollowed the logic thatsecondline drugregimens are composed of
newerand safer compoundshan those used in firsine regimensThey argud that this finding
reflected the efficacyof HAART in improving immune statiieywent further to state thatthe
worse the immune status, the worse the hearimgkingreference to a study that interestingly
noted healirg from ARMnduced hearing los#araet a., 1997. Howevertheir univariate analysis
excluckedCD4celkcountl &  LINBRAOG2NJ F2NJ KS| NXhgworséthed 4> NBY RS
immunestatus,the worse the hearing ¢  aThéy didhdwever, acknowledge thelisadvantage

owingto their smallsample size.

Anotherstudy byTorre et al. (2015 looked atotal of 262 men (117 HIV+) from the Baltimore,
Maryland/Washington, DC, site of the Multicenter AlD&ort Study and 134 women (110B/+)

from the Washington, DC, site of the2 Y Sy Q& L y (i S NJ THey yh€xsure PuresTong ( dzR & @
thresholds and ran linear mixed regrass models to testhe effect of HIV on hearing after

adjustment for age, sex, race, and noise exposure history. Even though they reportedPhigher
Toneaverages in the Higositive groupthere were no significanassociations between Hidisease
variables or treatment variables and Id®ure Toneverage or higlPure Toneaverage after
applyingcontrols for many other factors known to affect hearirigcluding occupational rise.

There was no mention of mordetails about occupationaloiseexposure.

Furthermore, a longitudinal observational study measuchdnges in hearing levels at all
frequencies at baseline, 16 and 32 weeks after initiaRytherapy with ZDV and dd| B8 ARY
naive subjectsTreatment with ZDV and ddl did not result in loss of hearing, even thkg took
into account noise exposure, immune status and age. The results of this prospelctivetudy dd
not support the notion that treatment with nucleosideRVslamages heang (Schouteret al.,
2006).
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A case control study by Makat al. (2010) thaemployeda relativelylargestudy population (273
HI\Apositiveindividualson treatment and 273 not on treatment) found a higher prevalence of
hearingloss in those not yet on treatment. Of interesaisthat they noted thatHI\:positive

LJ- § A isfifigie®l worsened on starting ARMatment but this improved after six months of
ARV treatment.

Contrary to the findingof the current studyincludingthat of Fokoucet al. (2015, Torreet al.,

(2015; Schouteret al. (2006); Mataset al. (2010); Mataset al. (2014)reporteda much higher
prevalence of hearingpss(48%)in their HIVfpositive group exposedRVs relative to the AR\VAive
group and the HIVhegative group. However, their definition of nornftiiresholdslower than or
equal to 20 dB Hlallowed for more participants being categorised as abnormal. Also the age of

their participants ranged from 2060 years, with the group taking the ARMsNng the oldest.

In the present study,he duration of ARMtherapydid not have any association withe patient€)
hearing losesThere was no difference in hearing loss prevalence amongst thpdsitive group
taking ARVs for different durations. Hovegyin the group that had been taking ARVs for more than
12 months, there was a noticeable difference in the hearing loss prevalpadeularly of SNHL,
corroborating Torreet ald (208 finding thatthe prevalence of SNHL increased significamitk
disease progression. Howevyar the mining environment, the higher prevalence cojuist have

been as aesult ofthe longeremployment period orthe minecoupled withlonger exposure tdigh
noiselevelscausing the hearirdpss and not necessaritgsulting from having beelonger on ARV

treatment.

The prevalence dlifferent hearinglosstypesconcurred with that ofan earlier study (Khozat al.,
2002) with SNHL being the most common hearlogs type in our sampl&hoza2011)argued that
G[221Ay3a 2yfe G (KS ipthdHVpd3SitR ginufxthatnkh 8 MNIB® ¢ S NB
negativegroup. The most common hearini@ss severityn the current studyvas mild to moderte
accounting fo#1% These resultsverein agreement with those repdr SR Ay YK21 | Q&
2011a).
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Groups of particular interest.

The following arggroups whose demographaharacteristics and auditogyrofiles are detailed in a
separate report:
1. The HIVhegative group preseirigwith hearing lossespecially those under the age of.50
2. The participants who seroonverted during the course of the study
3. The participants whose treatment was initiated during the course of the study
4

Theparticipants who attended all foubllow-up visits

STRENGTHS BNNEAKNESSESF THIS STUDY

The main strength of this studyasthat the sample was taken across three sipesducingdifferent
commodities making itpossible for the results to be generalized to most of theawiarker
populatiorsin South Africa.Participantsvere enrolled at different stages of the same exposure,
making a perfect platform to observe at which stage of the exposure the adverse effecteAgies
and noise leveldeing the confounders giossible auditory effects dfil\tinfectionand ARV drug

therapy, were measured tamprovestatistical analyss.

The main weakness of the studsgsthe duration. Due to budget constraints, the cohoauldonly
be followedup for eighteen monthsThismay be too short a period for the study baveshown any
meaningfulresults. Furthermore, the fact that convenience sampling was used-aite clinicsat
Modikwa Platinumand Sibanye Goldhayhaveintroduced aselection bias. Individuals seeking
health services at these esite clinics could have beemeking help for ear, nose and throat
symptoms in which case they woltldvebeen more likely to havdiad some form of hearing loss.
Also, selection bias mdnavebeenintroduced to the study frona high rate ofoss tefollow-up due
to participants deciohg not to be part of the study any longer, being retrenched, resigning, or being
deployedelsewhere What may have contributed significantly toward the loss to follqgpwvas
whena participant would test positive atasitand then, asve assumd, they becametoo
discouraged taemain apart of the studyFixeddose combination HAART renders it difficult to
study aspecific effect of each particuldrug constituentbecausesachretainsits properties despite
the synergistic associatiohastly the population samplesize was too small to allow for conclusive

results.
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CONCLUSION AND RECOMMENDATIONS

Even though the prevalence aflverseauditory manifestation in people living with HIV may be
higher than in those who are Hhégative, in mineworkers thidifference may be&educedto levels
below statistical significance due highnoise exposure. There is a possibility thatse may distort
the impact of HIV/ARWeatmentin mineworkers, suggesting that an Higgative mineworker may

still be worse ofthan an HIpositive individual in the general population.

Alsq judging from the high proportion of participants who hattendedsecondary schoothe

profile of a traditional mineworker may be changi@urrent mneworkers are younger and more
educatead than in thepast This profile may predispose themm highrecreational noise, adding to the
effect of occupational nois& his study emphasiddhat noise is still the overwhelming contributor

towards hearingoss and therefore efforts to minimize expoe to noiseshould beincreased

While literature in support of ARVs being ototoxic is very cofticthere is strong evidence that

the prevalence of audiologidgladverse effectss higher in HIVpositive groups than in Hikkegative
groups. Therefre, strategies towards HIV / PTB awareness and prevention shouldestitioritised
Prompt initiation of treatmenbf those who are diagnosed Hpositive should be encouraged.
Guidelines should bamendedto incorporate highfrequency audiometry at leashree-monthly for
the first year in those who are on ARherapy. HI\fpositive patients should be educated on
symptoms of adverse audiological effects so that they report these as soon as pddgible.
managementgould enforcesixmonthly, high-frequency audiometry as part of medical surveillance

for all HIVpositive mineworkes.
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APPENDIX ZONSENT FORM

Consent Form

Consent Slip:

This is to confirm that I agree to volunteer to be part of this
study no: SIM140802 and give go-ahead for a physical examination and hearing assessment.
The study and my joining in it have been clearly explained to me in full to me by the
researcher and I understand all the explanations given to me. The questions that I asked were
answered to my liking, and I understand that I can stop and not take part in the study at any
time if T wish to do so.

Participant Witness

I the undersigned have defined and fully explained the study to the above participant. I have
also answered all questions raised by the participant.

Researcher

Confidentiality Declaration

All information collected about you during the study will be kept by the researcher and your
name will be hidden and a number will be used in place of your name. All information will then
be used for the purposes agreed on for the research only. No publications of your name will be
made and your personal results will be known only by the professional assessing you.
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APPENDIX 2: BASELRIBESTIONNAIRE

BASELINE QUESTIONNAIRE

SECTION A: DEMOGRAPHIC INFORMATION

Al. STUDY NUMBER

A2, WHAT IS YOUR DATE OF BIRTH

A3. HOW LONG HAVE YOU BEEN WORKING IN THIS MINE?

D >2 Years
D 3-5 Years
D >5 Years

A4. WHAT IS THE HIGHEST EDUCATIONAL LEVEL THAT YOU HAVE COMPLETED?

NONE

[]

PRIMARY EDUCATION
SECONDARY EDUCATION
TERTIARY EDUCATION

Qo0

AS. WHAT IS YOUR MARITAL STATUS?
I:I 1 MARRIED
I:I 2 SINGLE
L] s

OTHER (SPECIFY)

A6. WHAT IS YOUR INCOME LEVEL?

] 1! r1000-R5000
I
] 2} MORE THAN R5000

A7. AT WHICH AREA ARE YOU WORKING?

DlYES
DZNO

SPECIFY

SECTION B: MEDICAL ASSESSMENT

B8. HAVE YOU SEEN A DOCTOR IN THE LAST 6 MONTHS WITH ENT PROBLEMS?

] 1: YES
] 2 o

i
|:| 3 IF YES (SPECIFY)

B9. HAVE YOU GOT ANY MEDICAL PROBLEMS AT THE MOMENT?

|:| 1 YES
|:| 2 NO
|:| 3 IF YES (SPECIFY)

B10. ARE YOU TAKING ANY MEDICATION AT THE MOMENT?

|:| 1 YES
|:| 2 NO
|:| 3 IF YES (SPECIFY)
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B11. DO YOU SMOKE?

[
[]

IF YES, HOW MANY ——cemeememm e

1 VES
2 NO

B12. DO YOU DRINK ALCOHOL?
YES

Il
[] 2 No

B13. ARE YOU EXPOSED TO RECREATIONAL NOISE?

IF YES, SPECIFY --

SECTION C: MEDICATION REVIEW

C14. WHAT IS YOUR HIV STATUS?

O
[

IF THE ANSWER IS HIV NEGATIVE, SKIP TO SECTION D

1 HIV NEGATIVE
2 HIVPOSITIVE

C15. IF YOU ARE HIV POSITIVE, ARE YOU TAKING ART’s

YEs

NO

0
0
O |

wWoN R

1F YES WHICH ONE =-mmmmmmmmem oo oo

C16. IFYES,SINCE WHEN ARE TAKING ART’s?

\:\ <6 WEEks

i1
I
I:l 12 >6WEEKS< 1 YEAR
|
i3

[

>1vEAR

SECTION D: CONTINUE IF ANSWER TO SECTION C14 IS HIV NEGATIVE

D17. IF YOUR LAST HIV TEST WAS NEGATIVE , WE WILL PROCEED TO TEST YOU

0

,
11 HIV POSITIVE
]

|:| {2 HIVNEGATIVE
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SECTION E: PULMONARY TB REVIEW

E18. DID YOU EVER HAVE OR CURRENTLY HAVE PTB

E19. IF YES, HOW LONG WERE YOU TREATED FOR PTB
6 MONTHS
>6MONTHS

0

1

O e

SPECIFY

SECTION F: PHYSICAL EXAMINATION

I:‘ YESE I:l No

BP

eight

Weight

Otoscope

Pure tone audiometry

SECTION E: Audiogram Chart

AUDIOLOGICAL ASSESSMENT

RESPONSE NON RESPONSE Study No.:
MODALITY Left Unspecified | Right | Left Unspecified Right Test Date:
Blue Red Blue Red
Air Conduction x [6) X 0] Audiologist:
A/C Masked O o h
A o Audiometer:
Bone Conduction = ~ - = <
B/C Masked ] [ ] [ Test Reliability:
AR — Contra - - 1 r
AR -Ipsi . - 1 r
Free Field X S (0] X O
CNE Could Not Evaluate
PURE TONE AUDIOGRAM
RIGHT LEFT
Hz 125 250 500 1000 2000 4000 8000 Hz 125 250 3500 1000 2000 4000 8000
-10 -10
0 0
10 10
2 5
@20 820
Z 30 Z30
g4 o
; ' §40
a 50 a 50
3 60 2 6o
g 70 D
g £7
E
o 50 ] 80
£ 90 £ 90
=4
wl0o0 Fl00
110 110

2
llfl%sking Levels to Non-Test Ear. Type of Masking
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120 Masking Levels to Non-Test Ear. Type of Masking




Hz 250 | 500 1k 2k 4k 8k Hz 250 | 500 1k 2k 4k 8k
AlC AlC
B/C B/C
Pure Tone Average:
Right Ear dB Left Ear dB
Otoscopy:
Right ear:
Left ear:
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APPENDIX 4: FOLLOW UP QUESTIONAIRE (HIV NEGA

FOLLLOW UP QUESTIONAIRE (HIV NEGATIVE GROUP)
IMPACT OF ARV’s AND HIV ON THE AUDITORY SYSTEM OF MINE WORKERS

SECTION A: BASIC INFORMATION

Al. STUDY NUMBER MOBILE NUMBER:

A2. HAVE YOU CHANGED AREA OF WORK IN THE LAST 3 MONTHS

[J1 v
[z wo

|:| 3 IFYES (SPECIFY)

SECTION B: MEDICAL AND THERAPEUTIC DRUG ASSESSMENT

B3. HAVE YOU SEEN A DOCTOR IN THE LAST 3 MONTHS WITH ENT PROBLEMS?
YES

|

|:|2 ! NO
|

|:|3 ! IF YES (SPECIFY)

B4. HAVE YOU GOT ANY MEDICAL PROBLEMS AT THE MOMENT?

[ @ ves
(]2 ino

|:| 3 | IFYES (SPECIFY)

B5. ARE YOU TAKING ANY MEDICATION AT THE MOMENT?

|:| 1 | ves
HERET
|:| 3 | IFYES (SPECIFY)

SECTION C: MEDICATION REVIEW
C6. THE LAST TIME WE SAW YOU, YOU TESTED HIV NEGATIVE, HAVE YOU TESTED HIV POSITIVE SINCE THEN?

|:|1 YES
[]2no

C7. IF YES, ARE YOU ALREADY TAKING ART’s ?

Dl YES
Dz NO

CB8. IF YES, SINCE WHEN ARE YOU ARE TAKING ART'S?

|:| < 6 Weeks

|

1
|

I:l 12 >6weeks<1vEAR
I
|3

[

>1vEAR
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€9. IF YOU HAVE NOT TESTED POSITIVE SINCE WE LAST SAW YOU, WE WILL PROCEED TO TEST YOU

[
[

HIV POSITIVE
HIV NEGATIVE

c10 Audiogram Chart

AUDIOLOGICAL ASSESSMENT

RESPONSE NON-RESPONSE Sflld'_v' No.:
MODALITY Left Unspecified Right Left Unspecified Right Test Date:
Blue Red Blue Red
Air Conduction X [e) x (8] Audiolo gig[ :
A/C Masked O O
- o o Audiometer:
Bone Conduction > ~ < > <
B/C Masked 1 [ ] [ Test Reliability:
AR - Contra - - 1 r
AR - Ipsi _ ~ 1 r
Free Field X S [e) x Q
CNE Could Not Evaluate
PURE TONE AUDIOGRAM
RIGHT LEFT
Hz 125 250 500 1000 2000 4000 8000 Hz 125 250 500 1000 2000 4000 8000
-10 -10
0 0
10 10
20 5
g g20
Zz 30 £30
& 40 2
g g0
a 30 a 50
5] 5]
260 2 60
- a.
« « 70
=) =
© o 80
g 90 « 90
100 8
g 00
110 110
2 ]
]T\?I%skina Levels to Non-Test Ear. Type of Masking 120 Masking Levels to Non-Test Ear. Type of Masking
Hz 250 | 500 1k 2k 4k 8k Hz 250 500 1k 2k 4k 8k
A/C AIC
B/IC B/C
Pure Tone Average:
Right Ear dB Left Ear dB
Otoscopy:
Right ear:
Left ear:
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APPENDIX 5: FOLLOW UP QUESTIONAIRE (HIV PO¢
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