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EXECUTIVE SUMMARY 

 

Problem statement 

In South Africa, the incidence of HIV/AIDS has increased rapidly over the past decade from almost 

zero in 1990 to about 5.0 million people living with HIV/AIDS in 2001. The incidence and prevalence 

of this epidemic 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 between 21 - 49 percent 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 HIV-negative individuals. This poses a big 

threat to the mining industry because there is already an inherent risk for hearing loss in the sector 

as a result of noise. The literature has also presented results that imply that taking ARV drugs can 

result in hearing loss, possibly compounding noise, HIV/ pulmonary tuberculosis (PTB) drugs and age 

as risk factors for hearing loss. All of the studies reviewed for the current study, except one, sampled 

their study populations from health facilities and not from active mineworkers. It was therefore 

considered necessary to understand the relationship between the combined risk factors and hearing 

loss in a sample of South African mineworkers. 

Objectives 

  
The main aim of the study was to determine the impact of HIV infection and ARV therapy on the 
auditory system of South African mineworkers. 

Study design  

A prospective cohort study design was used. 

Methodology  

The study population was sourced from attendees at occupational health clinics at three mines, 

platinum, gold, and coal, in South Africa. A total of 199 participants (158 HIV positive, 36 HIV 

negative and 5 unknown) were enrolled at baseline. Three follow-up visits were conducted at the 

three mines, unfortunately with a high rate of loss to follow-up. 

Results  

This study did not indicate any association between hearing loss and HIV infection or ARV therapy. 

However, what was striking was that while the prevalence of hearing loss amongst the HIV-positive 

group (47,5%) corroborated the figures reported in the literature, the prevalence amongst the HIV 

negative group (51,4%) was much higher than expected. 
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Conclusion and recommendations 

Even though the prevalence of auditory manifestation in people living with HIV may be higher than 

in those who are HIV-negative, in mineworkers, this difference may be minimised to levels below 

statistical significance owing to noise exposure. There is a possibility that noise may distort the 

impact of HIV/ARVs in mineworkers, suggesting that an HIV-negative mineworker may still be worse 

off than an HIV-positive individual in the general population in terms of risk for hearing loss. 

 

Also, judging from the high proportion of participants who had education up to secondary school, 

the profile of a traditional mineworker may be changing. Mineworkers are younger and more 

educated than in the past. This profile may predispose them to high recreational noise levels, as a 

result of listening to loud music via headphones, adding to the effect of occupational noise. The 

findings of this study emphasized that noise is still the overwhelming contributor towards hearing 

loss and, therefore, efforts to minimize exposure should be strengthened. While literature in support 

of ARV drugs being ototoxic is very conflicting, there is strong published evidence that the 

prevalence of auditory adverse effects are higher in HIV-positive groups than in HIV-negative groups. 

Therefore, strategies towards HIV / PTB awareness and prevention should still take priority. Prompt 

initiation of treatment in those who are diagnosed with HIV-positive infection should be encouraged. 

 

Guidelines should be adjusted to incorporate high frequency audiometry at least three-monthly for 

the first year in those miners who are on ARV therapy. HIV-positive patients should be educated on 

symptoms of adverse auditory effects so that they report these as soon as possible. Mine 

managements could enforce six-monthly high-frequency audiometry as part of medical surveillance 

for all HIV-positive mineworkers. 
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DEFINITIONS 

 

Hearing loss, also 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 

• Slight hearing loss: < 26dB 

• Mild hearing loss : 26 dB - 40 dB 

• Moderate hearing loss : 41 dB-55 dB 

• Moderately severe hearing loss: 56 dB- 70dB 

• Severe hearing loss : 71 dB - 90dB 

• Profound hearing loss : >91 dB 
 

Noise induced hearing loss is a permanent sensorineural hearing impairment resulting from 

prolonged exposure to high levels of noise. 

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

organs 

On-site Clinic is a facility offering primary health care and occupational health care at the mines 

ACRONYMS  

 

MHSC: Mine 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 

HAART: Highly Active Antiretroviral Therapy 

AIDS: Acquired Immunodeficiency Syndrome 

ARV: Antiretroviral  

ZDV: Zidovudine  

DDI: Didanosine 

SNHL: Sensorineural hearing loss 

CHL: Conductive hearing loss 

MHL: Mixed Hearing Loss 
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PTB: Pulmonary Tuberculosis 

ENT: Ear, Nose and Throat 

NRTI: Nucleoside Reverse Transcriptase Inhibitors 

NNRTI: Non-Nucleoside Reverse Transcriptase Inhibitors 

CD4: Cluster of differentiation 4, a glycoprotein found on the surface of immune cells such as               

T helper cells, monocytes, macrophages, and dendritic cells. 

IFC: International Finance Corporation 
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INTRODUCTION 

 

BACKGROUND 

 

South Africa is historically a mining country with the mining sector being very important in the 

economy. The mining sector is largest employer in the non-agricultural, formal sector of the 

economy (Strauss, Swanepoel, Becker, Eloff & Hall, 2012). This population of workers, more so those 

who work underground, are occupationally exposed to high levels of noise, ranging from 63.9 -

113.5 dBA (Edwards, Dekker & Franz, 1998). This exposure predisposes them to sensorineural 

hearing loss. However, noise is not the only risk factor for hearing loss as age, infectious diseases and 

therapeutic drugs have, amongst other factors, been implicated in causing some form of adverse 

auditory effects. One such infectious disease is caused by the Human Immunodeficiency Virus (HIV). 

 

In South Africa the incidence of HIV/AIDS has increased rapidly from almost zero in 1990 to about 

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 5.7-million (12%) of 48-million total population to be infected with HIV. 

According to the IFC report in 2004, HIV prevalence rates among South African miners vary from 25% 

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

Noise induced hearing loss (NIHL) is a permanent sensorineural hearing impairment resulting from 

prolonged exposure to high levels of noise.  The Department of Mineral Resources have indicated       

(Strauss et al., 2012) that on average 1,600 cases of NIHL are reported each year. Furthermore, 

research estimates that 20% of HIV-infected 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 work environment, research indicates that HIV-infected 

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, i.e. ARV 

medication and treatments used for opportunistic infections e.g. 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, HIV-positive mineworkers had significantly more hearing 

loss than the HIV-unknown group at the gold and platinum mines studied.  
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With the already high compensation claims for noise induced hearing loss in miners, HIV/AIDS seems 

to present a compounded risk for acquiring hearing loss. Therefore, specific to the individual miner, 

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 controlling the 

AIDS epidemic and prolonging the survival of those infected, ARV medication has been implicated as 

one of the risk factors for hearing loss. Literature that addresses these implications is often 

conflicting and it is sometimes impossible to extend findings to developing countries as most studies 

are based on studies on participants from developed countries. This is a motivation for more 

research to investigate the audiological manifestations as a result of HIV infection, HIV treatment, 

compounded by noise and age, more specifically in the mining environment. There is a great need to 

understand the possible synergistic effects of all the risk factors on mine workers.  

OBJECTIVES 

 

One of the objectives of the present study was to investigate the association between hearing-loss 

and the demographic characteristics of the study population. The other objectives of the study were 

the following: 

 

• Description of the prevalence, severity and type of hearing loss in miner workers; 

• Determination of the association between hearing loss and HIV status combined 

with ARV treatment;   

• Determination of the risk factors that predispose miners to hearing loss i.e. age, 

noise exposure, ARV drug combination type, HIV stage, opportunistic infections and 

occupational environment characteristics, and 

• Determination of 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, 36.7-million [34.0–39.8 million] people were living with HIV at the end of 2015. An 

estimated 0.8% [0.7-0.9%] of adults aged 15–49 years, worldwide are living with HIV. However, the 

burden of the epidemic continues to vary considerably between countries and regions. Sub-Saharan 

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 worldwide (Global Health Observatory Data, 

2015). The estimated prevalence rate of HIV 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/AIDS (UNAIDS) report (UNAIDS, 2008) indicates that the 

incidence rate in South Africa is larger than in any single country in the world. Moreover, the top five 

countries with the highest prevalence of HIV are neighbors of South Africa, which is of concern since 

South African mines always use a lot of migrant labor from neighboring countries. 

A more recent (UNAIDS, 2016) report from UNAIDS  still states that South Africa has the biggest and 

highest profile HIV epidemic in the world, with an estimated 7 million people living 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 population (UNAIDS, 

2014). As much as the burden of HIV varies across countries, it also varies across regions within 

countries. As an example, HIV prevalence is almost 40% in Kwa-Zulu Natal compared with 18% in 

Northern Cape and Western Cape (SANAC & NDoH, 2012). According to the UNAIDS Cap Report 

(2016), 48% of HIV infected adults are on ARV treatment. Some of these are economically active 

people in the labor market, contributing to the economy of South Africa and supporting their 

families. The social and economic consequences of these figures are far reaching and affect every 

facet of life and growth in South Africa. The economy will be negatively affected by HIV and AIDS 

owing to related costs, both direct and indirect (IOM, 2008). 
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The prevalence of HIV and PTB in the mining industry 

 

Mineworkers are considered a population at risk for HIV infection due to risk behaviors associated 

with migratory work patterns. Migration is thus a contributing factor in the spread of HIV/AIDS in the 

mining industry. The policy research working paper developed by the World Bank development 

group (Mines, migration and HIV/AIDS in Southern Africa, 2012) examined whether the very high 

HIV-prevalence recorded in Swaziland and Lesotho, 26% and 23.2%, respectively, could be partially 

explained by the massive numbers 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 30-44 years old. The paper also showed a previously unexplored finding i.e. 

women who have a husband or a cohabiting partner employed in the mining sector are also more 

likely to test HIV-positive. Furthermore, miners and their wives are less likely to adopt safer sexual 

behaviors. More specifically, miners are less likely to abstain from sex or to use condoms during 

occasional sexual intercourse. Similarly, women with a miner as a partner are less likely to abstain, 

be faithful or use condoms with their miner husbands (Mines, Migration and HIV/AIDS in Southern 

Africa, 2012).  

In another study looking at the behavior of Mozambicans working in South African mines, an HIV i.e. 

prevalence of 22.3 % was reported. Multiple partners i.e. multiple spouses, cross-border relations 

and multiple, occasional partnerships, inconsistent condom use, and a high proportion of infected 

mineworkers who do not know their HIV status increase the risk of HIV transmission in this 

population (Baltazar. CS, Horth. R, Inguane. C, Sathane. I, Ce´sar. F, Ricardo. H, Bota˜o. C, Augusto. C, 

Cooley. L, Cummings. B, Raymond. HF, Young. PW, 2015). 

Earlier South African studies and reports from the mining sector show a high prevalence of HIV 

among mineworkers. At a Business to Business conference on the impact of HIV/AIDS, HIV 

prevalence amongst Goldfields employees was estimated at 26%, and Mr. Clem Sunter of the Anglo- 

American Group quoted an estimate of 20% HIV-prevalence in 2000. These estimates are roughly 

consistent with the 28.5% prevalence observed among mineworkers by Williams et al. (2000). A 

higher prevalence was reported by the International Finance Corporation (IFC, 2004), this report 

indicated that HIV-prevalence rates among South African miners varied from 25% to almost 50% in 

some areas, in comparison to 18% in Zambian miners and 24% in Namibian miners.  
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Corbett, Charalambous, Moloi, Fielding, Grant, Dye, De Cock, Hayes, Williams and Churchyard, 

(2004), performed a cross-sectional HIV and TB disease survey of 1,773 systematically recruited 

African goldmine workers and found the HIV prevalence to be 27% 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 South Africa, 14.5% (International Labor Research and Information Group, 2005).  

Pulmonary Tuberculosis (PTB) is often coupled with HIV infection which is a significant public health 

threat in South Africa, especially amongst goldmine workers. The World Health Organization (WHO) 

estimated an incidence of 450,000 cases of active TB in South Africa in 2013. (www.tbfacts.org/tb-

statistics-south-africa). It is estimated that about 80% of the population of South Africa is infected 

with PTB bacteria, the vast majority of whom have latent PTB rather than the 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 townships and informal settlements (Chamber of Mines Fact Sheet, 2016), a 

range that overlaps with the age group, 30-44 years, identified as having a likelihood of HIV-infection 

on the mines (Mines, Migration and HIV/AIDS in southern Africa, 2012).  

Goldminer PTB infection rates stand at three in 100 workers, platinum 1 - 2 in 100 workers, while 

coal mirrors the national rate with the diamond mining sector even lower (Churchyard, 2014). Due 

to high noise exposure in the mining industry, noise induced hearing loss (NIHL) is a common 

occupational disease amongst mine workers. The problem is that some 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 dilemma in the mining industry in 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 three-fold risk of developing active PTB compared to miners free from 

silicosis. Silicosis and HIV infection together have dramatic consequences for the health of miners as 

HIV-positive miners suffering from silicosis are 15 times more likely to develop PTB than HIV-

negative miners free from silicosis (Corbet, Churchyard, Clayton, Williams, Mulder, Hayes, De Cock, 

2000). 

Given the possible compounding effect of all these risk factors, it is reassuring that the mining sector 

has been at the forefront of the fight against HIV/AIDS by taking the initiative and making a 

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 sector of the 

economy.  

http://www.tbfacts.org/tb-statistics-south-africa
http://www.tbfacts.org/tb-statistics-south-africa
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The mining sector in South Africa is obliged by legislation to safeguard the health and safety of mine 

employees and communities affected by mining operations, as stipulated in the Mine Health and 

Safety Act, No. 29, 1996 (South Africa, 1996), while the Chamber provides expert advice and support 

to members in the fields of occupational health, TB and HIV/AIDS. However, despite these efforts, 

the prevalence of hearing loss amongst mineworkers remains persistently high.  

 

The prevalence of hearing loss in the mining industry 

 

The auditory system is comprised of the outer ear, middle ear, inner ear, auditory nerve, central 

auditory pathways, and auditory cortex. Sounds are captured, sensed, and processed in a complex 

way and finally interpreted by the brain. Humans sense and process sounds with the auditory 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 called hearing (Yost, 2000). 

Impairment to the auditory system can be described according to the type, severity, symmetry and 

laterality. There are different types of hearing losses, namely, 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 abnormalities 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 auditory nerve. Lastly, 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 loss (Safety in Mines 

Research Advisory Committee, 2006).  

Noisy workplaces have a heavy impact on health around the world. Worldwide, the burden of 

hearing loss attributed to occupational noise is 16%, ranging from 7% in the Western Pacific, A 

sub-region to 21% in the Western Pacific, B sub-region. Males usually experience greater exposure 

to noise at work than females, due to differences in occupational categories, economic sectors of 

employment and working lifetime (Occupational Health: A Manual for Primary Health Care Workers, 

2001), an observation that may have slightly changed since, seeing that more women are being 

employed in jobs that were traditionally regarded as reserved for males. 
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Nelson, Nelson, Concha-Barrientos & Fingerhut (2005) found the burden of occupational noise 

induced hearing loss (NIHL) to be generally higher in the less developed 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 non-use of proper personal protective equipment. Further, 

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

developing countries. 

Disturbing results of a study investigating the profiles of noise exposure in South African mines, 

indicated that the mean noise exposure levels in the South African mining industry ranged from   

63.9 - 113.5 dB A, and that approximately 73.2% of miners in the industry were exposed to noise 

levels above the legislated occupational exposure limit of 85 dB A (Edwards et al., 2011). Of even 

more concern is that Strauss et al. (2012) found that, despite hearing protection programs, exposure 

to occupational noise was significantly associated with increased hearing thresholds among South 

African gold miners. The same study indicated further that the noise-exposed 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 was observed for ages 36-45 years, an age 

group that overlaps with the age group, 30-44 years, identified as having a likelihood of HIV infection 

on the mines (Mines, Migration and HIV/AIDS in southern Africa, 2012). 

Two studies from neighboring African countries reported a prevalence of NIHL of 47% (Masaka, 

2009; Musiba, 2015). The results of the study conducted by Masaka (2009) indicated the highest 

noise induced hearing loss prevalence (60%) was found in the group that was 50 years and older. In 

contrast to Masaka’s (2009) finding, Musiba (2015) found the highest proportion of miners with 

NIHL (60%) to be among the youngest age group (20–29 years). Musiba‘s (2009) finding suggests 

that perhaps the profile of a traditional mineworker has changed. Mineworkers are younger and 

more educated than in past decades. This profile may predispose them to recreational noise e.g. 

very loud earphone music, adding to the effect of occupational noise and possible HIV medication. 
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The association between HIV-infection and hearing loss 

 

By the end of 2013, it was established that 35-million people worldwide were living with HIV 

infection, with 24.7-million (71%) living in sub-Saharan Africa (UNAIDS, 2014). “The HIV pandemic in 

Southern Africa, now in its third decade, remains one of the biggest challenges this part of the 

continent has to confront” (Khoza, 2011a; Fokouo, Vokwely, Noubiap, Nouthe, Zafack, Ngom, Dalil, 

Nyeki, Bengono & Njock et al., 2015).  

The HIV being neurotropic affects the auditory pathway and the dysfunction could be unilateral or 

bilateral, symmetrical or asymmetrical and the hearing-loss could be conductive, sensorineural or 

mixed (Matas et 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 HIV-infected patients include neoplasms and past medications, particularly with ototoxic agents.   

Dias, Chunderdoojh & Hurkchund (2006) studied the effects that HIV/AIDS infection exerted on the 

occupational health and safety of the mining workforce, focusing specifically on the adverse effects 

noted in cognition, recovery rate from injuries, functional work capacity and the auditory system, to 

name a few. They found higher rates of hearing impairment reported among HIV-positive miners 

compared to an unknown HIV-status group.  

According to Prasad, Bhojwani, Shenoy and Prasad (2006), up to 90% of HIV-infected individuals 

experience ear and hearing related dysfunctions during the course of their disease. Assuiti, De Melo 

Lanzoni, Dos Santos, Erdmann and Meirelles (2013) further specified that HIV-infected individuals 

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

The literature indicates that, in terms of hearing loss type, onset, and severity, the range of the 

findings in people living with HIV/AIDS is very wide. The onset of the hearing loss may be sudden or 

gradual, while the severity of the loss may range from mild to severe (Timon & Walsh, 1989; Lalwani 

& Sooy, 1992; Bankaitis, 1996; Friedman & Noffsinger, 1998; Chandrasekhar et al., 2000; Khoza & 

Ross, 2002; Khoza-Shangase, 2010). In most cases, reported ear- and hearing-related symptoms 

include hearing-loss, otalgia, vertigo, tinnitus and otorrhea (Van der Westhuizen, Swanepoel, Heinze 

& Hofmeyr, 2013).  
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In a systematic review of HIV and hearing-loss related studies, Brazilian authors, Araújo, Zucki, 

Corteletti, Lopes, Feniman & Alvarenga (2012) found 38 published studies that established the 

presence of conductive, sensorineural, and mixed hearing-losses, in addition to tinnitus and 

vestibular disorders, with etiologies attributed to opportunistic infections, ototoxic drugs or to the 

action of the HIV itself.  

In their study conducted in South Africa, Khoza and Ross (2002) reported that hearing-loss was 

established in 23% of HIV-infected individuals. In agreement, Makau, Ongulo and Mugwe (2010) 

found in their 272 participant study, that 28% presented with hearing-loss.  Matas, Santos Filha, 

Juan, Pinto, & Gonçalves (2010), however, estimated higher hearing-loss prevalence in up to 50% of 

HIV-infected individuals.  

 “Documented prevalence and incidence of hearing loss in HIV-infected individuals in studies varies 

extensively due to vastly diverse samples, variable research methodologies, as well as different 

participant inclusion criteria used in published research studies" (Khoza, 2011a). Nonetheless, 

numerous research findings have reported on sensorineural, permanent, hearing loss in HIV-infected 

individuals being more than double in prevalence compared to normal controls (Khoza, 2011a; Van 

der Westhuizen, Swanepoel, Heinze & Hofmeyr, 2013). However, Khoza (2011b) outlines that not all 

of the aforementioned studies utilized sensitive ototoxicity monitoring protocols such as ultra-high 

frequency audiometry and/or otoacoustic emissions to detect hearing loss in HIV-infected 

individuals. 

The causes of hearing-loss in HIV-infected individuals have not been established. The literature 

suggests that hearing is affected as part of the inevitable deterioration of the immune system 

associated as well with accompanying opportunistic infections (Fokouo et al. 2015). Assuiti et al. 

(2013) note that, with regard to opportunistic infections associated with hearing loss, the prevalence 

of central nervous system infections by cytomegalovirus (CMV) must be considered as a likely cause 

for hearing-loss in HIV-infected individuals.  

Furthermore, Araújo et al. (2012) asserts in their systemic review findings that owing to variable 

plausibilities for cause of hearing-loss in this population, it has not been possible to establish a 

typical audiological profile for HIV/AIDS infected patients, although hearing-loss is a frequent 

alteration among these groups of patients.  
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Mngadi (2003) documented that the various impairments and disabilities caused by HIV infection 

can negatively affect the biomedical, psychosocial, spiritual and emotional well-being of the patient. 

Hearing-loss in particular, has been documented to adversely affect communication as well as 

increase social isolation, withdrawal, depression, dementia and maladaptive behavior (Chew & Yeak, 

2010). Therefore, for HIV-infected individuals, hearing loss contributes towards a poorer quality of 

life and wellbeing.  Khoza (2011b) motivates for the importance of understanding the effects of HIV 

infection and the treatment thereof on hearing as HIV-infected individuals are living longer due to 

highly effective ARV therapy (HAART). 

 

The association between medication (ARV & PTB treatment) and hearing loss 

 

Medication is one of the best methods to combat life-threatening diseases. However, the literature 

indicates that some medications not only fight the disease, but it can render serious toxic side 

effects to the body. One such toxicity is ototoxicity, referring to damage to the auditory functions 

that could result in permanent hearing loss (Rybak & Whitworth, 2005; Roland & Rutka, 2004). Any 

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 (prescription and over-the-counter) on the market that 

can cause ototoxicity (Rybak et al., 2005). These include medicines used to treat serious life 

threatening diseases including, cancer, heart disease, HIV/AIDS, PTB, etc. Ototoxicity caused by 

these medications can be reversible when therapy is discontinued; however, in most cases the 

ototoxic damage is permanent.  

Ototoxicity presents with hearing-loss, resulting from the damage to the hair cells in the cochlea 

(Bardien, Harris, Schaaf, Petersen, De Jong, & Fagan, 2009). The ototoxicity-induced hearing-loss is 

classified as a sensorineural hearing-loss and commonly co-occurs with tinnitus (perception of aural 

ringing or buzzing) and/or dizziness (Duggal & Sarkar, 2007).   

Treatment of HIV infection with ARV medication has been one of the greatest advances in 

controlling the disease progression. However, initiating antiretroviral therapy (ART) in HIV-positive  

individuals may be putting them at risk of audiovestibular dysfunction as some of the agents such as 

Nucleoside Analog Reverse Transcriptase Inhibitors (NRTIs) have been suspected of causing ototoxic 

side effects (Mathews, Albert & Job, 2012; Simdon, et al., 2001).   
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Specific to HIV- and PTB-medication, there have been numerous studies establishing permanent 

ototoxicity in individuals being treated for HIV- and/or PTB-infection (Fokouo et al., 2015). The 

medication includes, Nucleoside Analog Reverse Transcriptase Inhibitors (NRTIs), zidovudine (ZVD), 

didanosine (ddI) as well as aminoglycosides (kanamycin, streptomycin, amikacin) which have been 

implicated in damage to the sensory cells in the hearing organ and the the organ of corti, and thus 

resulting in sensorineural hearing-loss (Khoza & Ross, 2002). An integrated review by Assuiti and 

colleagues (2013), specifically reported on 13 quantitative studies that had indicated that ARV 

medications could result in ototoxic effects. In agreement, one such cellular study by Thein, Kalinec, 

Park and Kalinec (2014) established that HIV- and TB-medication together have deleterious effects 

on patients’ hearing. Furthermore, Ishiyama, Ishiyama, Kerber and Baloh (2006) indicate that 

ototoxic medication can also affect the balance system which is a result of damaged inner ear 

labyrinths and/or the vestibulocochlear nerve.  

Interestingly, Marra, Wechkin, Longstreth,Rees, Syapin, & Gates, (1997) investigated the impact of 

Nucleoside and Nucleotide Reverse Transcriptase Inhibitors, zidovudine (ZDV), didanosine (ddI), 

stavudine (d4T) and zalcitabine (ddC), and reported a significant association between hearing-loss 

and ARV therapy in persons older than 35. However, age could not be excluded as a confounder.  

Case reports implicating NRTI of sensorineural hearing-loss have been published, one in a child and 

two in adults 44 years and older. 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). In fact, all three cases in Simdon et al.’s report included 

noise induced hearing-loss. In contrast to these reports, Schouten, Lockhart, Rees, Collier, & Marra 

(2006) attempted to determine whether ZDV and ddI are associated with sensorineural loss in       

HIV-infected patients. They could not find any association between the NRTIs studied and hearing 

loss. 

 

The literature presents conflicting evidence with regard to the negative impact of ARV-therapy on 

the auditory system. The studies in support of the notion are often lacking in evidence in terms of 

the long-term effects of these drugs, thus, rendering the notion an unproven suspicion. 

Unfortunately, both HIV- and PTB-infection are life-threatening diseases which have no immediate 

cures but rather require management with long-term medication. Therefore, with the increasing 

incidence of both diseases, there is a higher risk for ototoxicity in the treatment of both (Khoza, 

2011a). 
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METHODOLOGY 

Design and study population 

 

The study was conducted on a prospective cohort in whom a total of 203 mineworkers were 

enrolled. The participants were followed-up at 3-4 months intervals for a period of 18 months. The 

participants were enrolled from three different research sites as shown in Table 1, below. The 

original intention was to sample a total of 200 participants from four mines producing, gold, 

diamonds, coal and platinum, to allow for generalization of the results across commodities. We 

could not successfully secure a diamond site for the research. 

Table 1: 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 sites, convenience sampling was used to recruit and enroll potential participants who 

were at the occupational health clinic on the day of the baseline visit. These mineworkers were 

informed about the research and allowed to enroll voluntarily. Once the purpose of the research 

was explained to the potential participants, they were given the opportunity to voluntarily enroll in 

the study. 

It was later found that about 15% of the participants who had volunteered for the study assuming an 

HIV-negative status turned out to be positive, contributing to a much bigger HIV-positive group. 

Once the participants had volunteered to be part of the study they would go through the following 

four phases:  

1. Thorough explanation of the research. 

2. If they agreed, they would sign an informed consent form. 

3. The questionnaire would be administered and HIV-counselling and testing (HCT) would be 

offered to those who claimed an HIV-negative status. Only five out of those who claimed an 

HIV-negative status refused to be tested. Those who claimed to be HIV-positive were not 

tested. Their status was confirmed through the HIV-clinic at the research site.  

4. Otoscopy and Pure Tone Audiometry were conducted. 

5. Steps 3 and 4 were repeated at follow-up visits. 



21 | P a g e  
 

 

Once HCT had been offered to all participants assumed HIV-negative, the participants were enrolled 

in the manner depicted in Figure 1. 

 

Figure 1: Groups and subgroups of participants 

 

Table 2: Number of participants who attended follow up visits 

 

For several reasons, the study suffered a high rate of loss-to follow up. Table 2 shows the numbers 

that attended subsequent follow-up visits. 

Otoscopy and Pure Tone Audiometry 

Otoscopy was carried out to assess outer ear structures. Normal otoscopy was considered as a 

visualization of the tympanic membrane with a light reflex. Audiometry was performed to assess the 

lowest audible threshold across eight frequencies in the range, 0.25 - 8 kHz, with normal hearing 

classified as thresholds at or below 26 dB HL with both air- and bone-conduction assessments 

(Silman & Silverman, 1991). Table 3 depicts the severity levels of hearing-loss.  Manual Pure Tone 

Audiometry was carried out according to Katz (2000). When participants had normal, air-conduction 

thresholds no bone conduction was done.  

Research 
site 

Commodity No. of 
participants at 

baseline 

No. of participants 

at 1
st

 follow-up 

No. of participants 

at 2
nd

 follow-up 

No. of participants 

at 3
rd

 follow-up 

Matla Coal 49 29 39 26 

Modikwa Platinum 90 11 NOT VISITED 06 

Sibanye Gold 60 31 20 28 

TOTAL 199 71 59 54 
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Table 3: Severity levels for hearing loss 

AVERAGE HEARING LEVEL (dB) DESCRIPTION 

< 26dB Normal range 

26 dB - 40 dB 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 and reliability 

 

Only trained research assistants administered the questionnaire. The hearing test was done by our 

consultant audiologist at baseline who then trained the technicians to conduct the test at 

subsequent follow-up visits. The equipment used was upgraded to pick up hearing-loss at very high 

frequencies and were calibrated as frequently as required. All precautionary measures for 

audiological assessments were followed in terms of optimizing testing environment i.e. correct 

earphone and bone vibrator placement and proper probe placement for tympanometry. The same 

research assistants and data capturers were used throughout the duration of the project. 

 

Ethics  

 

The study was approved by the Limpopo Ethics Research Committee. 

 

Data analysis and statistical procedures 

 

Data were captured and analyzed using Microsoft Excel and Stata Version 10. The 2 test was used to 

examine the association between hearing-loss and selected demographics. A univariate logistics 

regression model was used to assess the risk factors for hearing-loss. Statistical significance was 

defined as p ≤ 0.05. 
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RESULTS 

 

Demographic profile of the participants 

 

A total of 199 employees participated in the study. Of these, 25% were from gold, 30% from coal and 

45% from platinum mines. Table 4 shows the demographic profiles of the participants by place of 

employment. A significantly lower proportion of the employees at Matla Coal had attained 

secondary or tertiary education compared to their counterparts at the other two mines (p<0.05). All 

employees at Sibanye Gold earned more than R5 000 compared to the other two mines (p<0.05).  

The same mine had the highest proportion of participants over the age of 50 (p<0.05), but had more 

mineworkers working on the surface compared to other mines (p<0.05).    

 

Table 4: Demographic characteristics of the study population 

 Total (n=199) Gold (n=49) Coal 
 (n=60) 

Platinum (n=90) p-values 

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 

≤R5000 6(3) - 2(3) 4(4) <0.001 

>R5000 193(97) 49(100) 58(97) 86(96) 

Age (years)      

<30 19(10) 1(2) 4(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) 

Exposure to 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 conditions of the participants are shown in Table 5. Nearly half (45%) were seen by a 

doctor in the last 6 months. However, 65% of those said their conditions were not related to Ear 

Nose and Throat /ARV/HIV/TB. More than half (56%) said they have medical problem at baseline but 

63% were not related to ENT/ARV/HIV/TB.   
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Table 5: Medical conditions and visits to doctors, at baseline 

 N % 
Consulted with a doctor 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 and treatment   

More than two-thirds of the participants were HIV-positive of whom 42% were on ARV medication 

whilst 58% were not (Table 6). More than half (56%) of the respondents had been on treatment for 

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

Table 6: HIV prevalence and 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 

 On ARV’s     

Yes 66 42 37 36 

No 92 58 67 64 

Duration on ARVs     

<6 weeks 10 15 8 28 

6weeks – 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: Prevalence, types and severity  

 

Table 7 presents the prevalence of hearing loss. Nearly half of the participants (48%) had hearing 

loss and in 81% of these participants, both ears were affected. Even when the participants over the 

age of 50 years were excluded, the prevalence of hearing loss was high (39%). The types and severity 

of hearing loss are in shown in Table 8. 
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Table 7: Prevalence of hearing-loss 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 (14) participants had missing data  

 

Table 8: Types and severity of hearing-loss 

 Left Ear 
(n=7) 

Right Ear  
(n=10) 

Both Ears  
(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%) 

 

 

Hearing-loss by demographics at baseline 

 

The association between hearing-loss and selected demographic characteristics of the participants is 

illustrated in Table 9. There was no statistically significant association between hearing-loss and 

work area, self-reported noise exposure, HIV-status, ARV-types and duration on ARV therapy 

(p>0.05). Hearing-loss was significantly less common in coal mine workers compared to other 

mineworkers (p<0.05). What was striking was that while the prevalence of hearing loss in the HIV-

positive group was high (47.5%), 51% of the HIV-negative participants had hearing loss. 
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Table 9: Hearing loss by selected demographics for all age groups 

 Loss Hearing p-values 

 Yes No 

Commodity    

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%)  76(78%) 0.065 

Negative 18(21%)  17(17%) 

Unknown - 5(5%) 

 On ARV’s    

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%) 

Medical problem 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 

6weeks – 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 hearing-loss by selected demographics for workers under the age 

of 50 years. Even when the participants over 50 were excluded in the statistical analysis, the 

prevalence of hearing loss in the HIV-negative group was still high (48%). It has to be pointed out 

though that the occupations of this HIV negative group were not known when the report was 

prepared. 
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Table 10: Hearing loss by selected demographics for those under 50 years of age 

 Loss of Hearing p-values 

 Yes No 

Commodity  

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%) 

 On ARV’s 

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 

6weeks – 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 11, as age increased the risk of hearing loss amongst the participants also 
increased (p<0.05). 

Table 11: Univariate logistic regression for hearing-loss 

 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 

HIV-status   

Negative 1  

Positive 0.82(0.4;1.6) 0.553 

On ARV therapy   

No 1  

Yes 1.37(0.7;2.7) 0.359 

Hours of noise   

≤5 1  

6-7 0.85(0.2;3.6) 0.824 

≥8 0.67(0.2;2.5) 0.547 

 

DISCUSSION 

 

The authors were not aware of any study In South Africa, to date, that had attempted to follow mine 

workers over time in order to observe differences in auditory manifestations in HIV-positive and HIV-

negative groups. A report prepared for the MHSC in 2006 by Dias et al. (2006) compared auditory 

manifestations of HIV-positive mineworkers to those of an HIV-unknown group. 

Most of the studies that have been conducted to establish an association between HIV, ARV 

treatment and adverse effects in the auditory system were cross-sectional and case reports in 

nature and therefore causality could not be confirmed.  Most, including local studies sourced their 

study samples from health facilities. Our study compared hearing losses between HIV-positive and 

the HIV-negative groups in the mining sector, among active mine workers.  

 

We had significantly more male than female participants owing to the fact that women continue to 

be under-represented despite steps which have helped to integrate women into the industry 

(Worldwide Recruitment Solutions, 2014). Fifty-six percent of our study population was between the 

ages of 30 - 49 years, a range that overlapped with what was referred to in the Literature Review as 

having a likelihood of HIV-infection increment on the mines (Mines, Migration and HIV/AIDS in 

southern Africa, 2012). 
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Almost 70% of our study population had received secondary education. This led to speculation that 

perhaps the profile of the traditional mineworker is changing, with the modern mineworker being 

younger and more educated. This profile could also possibly mean that the current mineworker 

would be exposed to more recreational noise than was the case in the past, including excessively 

loud music via earphones or headphones, adding to the effects of occupational noise that is in most 

cases already an inherent part of the job in the mining sector. 

 

At baseline, 18% of the study population were HIV-negative. Of the 79% that were found to be HIV-

positive, 66% were on three combinations of ARV medications of which all were on                               

2 Nucleoside/nucleotide Reverse Transcriptase Inhibitors and 1Non-nucleoside/nucleotide reverse 

transcriptase inhibitors. The current study found no significant differences in the prevalence of 

hearing-loss between the HIV-positive group and the HIV-negative group, nor were there any 

differences between the HIV-positive group on treatment and the corresponding group that was not 

on ARV-treatment. Table 12 refers to other studies that were found to be comparable to the current 

study.  

Table 12: Relevant other studies comparable to the present study 

 

AUTHOR  STUDY 
DESIGN 

Age  
years 

Frequencies  
assessed  

Hearing loss 
prevalence 
HIV Positive 
group  
 

Hearing loss 
prevalence 
HIV Negative 
group 

Hearing loss 
prevalence 
HIV Positive group  
 

Country of 
Origin 

Study 
population 
source 

Not on 
ARVs 

On ARVs 

Current 
Study 

Prospective 
Observational 

24-59 0.25-8 n=69/145 
47,5% 

n=18/35 
51,4% 

n=35/80 
43% 

n=34/65 
52% 

South 
Africa 

3 S. African 
Mines 

Khoza & 
Roos 2002 

Observational 18-55 Unspecified  23% N/A N/A South 
Africa 

Gauteng 
Hospital 

Makau et al 
2010 

CaseControl 
study 

18-50 Not 
specified  

n=546 N/A n= 273 
34% 

N=273 
28% 

Nairobi Kenyatta 
Hospital 

Khoza 2011 Prospective  
Qualitative 

20-46 0.25-8 n=150 
10% 

N/A N/A South 
Africa 

 

Schouten et 
al., 2006 

Prospective  
Observational 

23-51 0,25-12 N/A N/A n=33 
No 
difference 

N/A United 
State of  
America 

Health 
Facility 

Van der 
Westhuizen 
2013 

Cross 
sectional 

Mean  
Age 
37,99±6
,6 

0,5-4 n=200 
14% 

184 N/A South 
Africa 

Military 
Hospital 

Matas  et al. 
2014 

Cross 
sectional  

20-60 0,25-8 n=45 n=30 n=18 
27% 

n=27 
48% 

Brazil Sao Paulo 
Department 
of Health 

Fokouo et 
al. 2015; 

Prospective  
Case Control 

15-49 0,125-8 n=90 
27,2% 

n=90 
5,6% 

No difference in 
hearing loss  

Cameroon Health 
Facility 

Torre et al., 
2015 

Prospective 
Observational 

Mean 
Age 
46-55 

0,25-8 N=222 
18% 

N= 174 
12% 

N/A United 
State of  
America 

Various but 
not at the 
mine 
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 In 2011, Khoza recruited 150 patients at an ARV clinic in a Gauteng Hospital with the aim of 

investigating their auditory status. Of the total sample of 150 participants evaluated, 135 (90%) were 

found to have normal hearing, and 15 (10%) presented with clinical hearing loss. These participants 

had a CD4 count of less than, 200 cells/mm3 (Khoza, 2011). In our current study 47, 5% of the HIV- 

positive participants presented with hearing loss, a proportion that was much higher than what 

Khoza (2011) reported. Even more surprising was that the prevalence of hearing loss in our HIV- 

negative group was much higher than the prevalence of hearing loss in the HIV-positive groups in 

studies referred to in Table 12. 

The difference between Khoza‘s sample and that of the current study was that she recruited from a 

very sick pool i.e. patients with a mean CD4 cell count of 123,5 cells/mm3 while the current study 

had recruited from an active workforce. According to the World Health Organisation (WHO) HIV 

clinical staging, what this would imply is that Khoza’ s participants would have been suffering more 

from HIV-related ailments e.g. PTB and otitis media than the current group and therefore presented 

a higher proportion with hearing loss. However, this was not the case. The other major difference 

that can be assumed is that Khoza’s participants had not been exposed to high levels of noise while 

participants in the current study were more exposed to noise than the general population as a result 

of being mine workers. 

 

In the same study Khoza presented evidence that her study group was representative of the South 

African situation (Dorrington, Johnson, Bradshaw, and Daniel, 2006). The age range in Khoza‘s 

sample was 20-46 years. Our finding of higher prevalence of hearing loss in both the HIV-positive 

and HIV-negative groups still held even when participants over 50 years of age were excluded. This 

implied that, specifically for the HIV-negative group, age was not a contributing factor to the high 

prevalence of hearing-loss. This finding may also be interpreted as suggesting that even though the 

prevalence of adverse auditory manifestations in people living with HIV may be higher than in those 

who are HIV-negative, in mine workers this difference is reduced to levels below statistical 

significance as a result of noise exposure. 

 

A prospective case control study conducted at a public health facility in Cameroon, followed 90 HIV-

positive patients and 90 HIV-negative control patients aged 15 - 49 years for a period of 11 months 

(Fokouo, Vokwely, Noubiap, Nouthe, Zafack, Ngom, Dalil, Nyeki, Bengono & Njock, 2015). The 

participants did not have any history of hearing-loss or treatment with known ototoxic drugs.  
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The case group was further divided into three subgroups: 30 HAART-naive patients, 30 patients 

receiving first-line HAART and 30 patients receiving second-line HAART. In this study, the HIV-

infected group reported more adverse auditory effects than the HIV-negative group and the 

difference was statistically significant. Fokouo et al. (2015) referred to two other studies which they 

reviewed as corroborating evidence for this finding i.e. Mata Castro, Yebra Bango, Tutor de Ureta, 

Villarreal García-Lomas, & García López (2000) and Wang, Yang, & Dong (2006). 

 

Despite the higher prevalence of auditory findings in the HIV-positive group, when Fokouo et al. 

(2015) ran a univariate logistic regression model, age, sex, CD4 cell count, and duration of HAART 

were found to not significantly influence hearing loss. The WHO regards a CD4 cell-count of between 

200-349 cells/mm3 as advanced immunosuppression and a count below 200 cells/ mm3 as severe 

immunosuppression (World Health Organisation, 2005). Twenty-nine per cent of the HIV-positive 

group in the Fokouo et al. (2015) study had a CD4 cell-count of less than 200 cell/mm3, placing them 

in the same category as Khoza’s HIV-positive group recruited at a Gauteng Hospital (Khoza, 2011). 

Similar to Khoza’s as well as Khoza’s and Ross’s 2002 finding , the low CD4-count in Fokouo‘s study  

did not seem to have led to a higher prevalence of conductive hearing loss as it accounted for the 

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

only 5% of all hearing-loss types.  

 

In Fokouo‘s study, a further 51% of the HIV-positive group had a CD4 cell-count between 200-499 

cells/mm3. It was uncertain what proportion of this group would be regarded by the WHO as 

suffering advanced immunosuppression. If it is assumed that more participants in this group were 

below the 349 cells/mm3 cut off for advanced immunosuppression, then Fokouo et al.’s HIV-positive 

group would have mostly comprised of participants with advanced to severe immunosuppression, 

yet the CD4 count did not significantly accompany hearing loss. This observation supported Khoza’s 

argument that what carries the heavier weighting is the progressive decline in the patients’ 

immunological status which potentially places them at risk for being susceptible to the neurotropic 

nature of the disease causing SNHL and not the reportedly common otitis media that sometimes 

results in CLH (Friedmann & Noffsinger, 1993; Gold & Tami, 1998; Lalwani & Sooy, 1992). Indeed, the 

present study also recorded SNHL as the commonest of all hearing-loss types.  
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There was no difference, in the present study between hearing-loss prevalence between the HIV-

positive group naïve to ARV and the HIV-positive group receiving treatment. Also, there was no 

difference in hearing-loss prevalence amongst the groups receiving different ARV drug 

combinations.  

 

Similarly, Fokouo et al. (2015) also found no significant difference in terms of Pure Tone averages 

and susceptibility to hearing loss between HAART-naïve patients and those receiving HAART (Fokouo 

et al., 2015). In fact, they found that patients receiving second-line HAART had significantly better 

Pure Tone averages than the HAART-naive patients, who in turn had better results than the patients 

receiving first-line HAART. This followed the logic that second-line drug regimens are composed of 

newer and safer compounds than those used in first-line regimens. They argued that this finding 

reflected the efficacy of HAART in improving immune status. They went further to state that the 

worse the immune status, the worse the hearing, making reference to a study that interestingly 

noted healing from ARV-induced hearing loss (Mara et al., 1997).  However, their univariate analysis 

excluded CD4 cell-count as a predictor for hearing loss, rendering their notion of “the worse the 

immune status, the worse the hearing,” shaky. They did, however, acknowledge the disadvantage 

owing to their small sample size.  

 

Another study by Torre et al. (2015) looked a total of 262 men (117 HIV+) from the Baltimore, 

Maryland/Washington, DC, site of the Multicenter AIDS Cohort Study and 134 women (105HIV+) 

from the Washington, DC, site of the Women’s Interagency HIV Study. They measured Pure Tone 

thresholds and ran linear mixed regression models to test the effect of HIV on hearing after 

adjustment for age, sex, race, and noise exposure history. Even though they reported higher Pure 

Tone averages in the HIV-positive group, there were no significant associations between HIV-disease 

variables or treatment variables and low Pure Tone average or high Pure Tone average, after 

applying controls for many other factors known to affect hearing, including occupational noise. 

There was no mention of more details about occupational noise exposure.  

 

Furthermore, a longitudinal observational study measured changes in hearing levels at all 

frequencies at baseline, 16 and 32 weeks after initiating ARV therapy with ZDV and ddl in 33 ARV-

naïve subjects. Treatment with ZDV and ddI did not result in loss of hearing, even after they took 

into account noise exposure, immune status and age. The results of this prospective pilot-study did 

not support the notion that treatment with nucleoside ARVs damages hearing (Schouten et al., 

2006).   

https://www.ncbi.nlm.nih.gov/pubmed/?term=Torre%20P%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=25541676
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A case control study by Makau et al. (2010) that employed a relatively large study population (273 

HIV-positive individuals on treatment and 273 not on treatment) found a higher prevalence of 

hearing-loss in those not yet on treatment. Of interest was that they noted that HIV-positive 

patients’ hearing level worsened on starting ARV treatment but this improved after six months of 

ARV treatment. 

 

Contrary to the findings of the current study including that of Fokouo et al. (2015), Torre et al., 

(2015); Schouten et al. (2006); Matas et al. (2010); Matas et al. (2014) reported a much higher 

prevalence of hearing-loss (48%) in their HIV-positive group exposed ARVs relative to the ARV-naïve 

group and the HIV-negative group. However, their definition of normal (thresholds lower than or 

equal to 20 dB HL) allowed for more participants being categorised as abnormal. Also the age of 

their participants ranged from 20 - 60 years, with the group taking the ARVs being the oldest. 

 

In the present study, the duration of ARV therapy did not have any association with the patients’ 

hearing losses.There was no difference in hearing loss prevalence amongst the HIV-positive group 

taking ARVs for different durations. However, in the group that had been taking ARVs for more than 

12 months, there was a noticeable difference in the hearing loss prevalence, particularly of SNHL, 

corroborating Torre et al. ‘s (2015) finding that the prevalence of SNHL increased significantly with 

disease progression. However, in the mining environment, the higher prevalence could just have 

been as a result of the longer employment period on the mine coupled with longer exposure to high 

noise levels causing the hearing-loss and not necessarily resulting from having been longer on ARV 

treatment. 

 

The prevalence of different hearing-loss types concurred with that of an earlier study (Khoza et al., 

2002), with SNHL being the most common hearing-loss type in our sample. Khoza (2011) argued that 

“Looking only at the SNHL Group, there were more in the HIV-positive group than in the HIV-

negative group.  The most common hearing-loss severity in the current study was mild to moderate 

accounting for 41%. These results were in agreement with those reported in Khoza’s study (Khoza, 

2011a).  
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Groups of particular interest. 

 

The following are groups whose demographic characteristics and auditory profiles are detailed in a 

separate report: 

1. The HIV-negative group presenting with hearing loss, especially those under the age of 50. 

2. The participants who sero-converted during the course of the study. 

3. The participants whose treatment was initiated during the course of the study. 

4. The participants who attended all four follow-up visits. 

 

STRENGTHS AND WEAKNESSES OF THIS STUDY 

 

The main strength of this study was that the sample was taken across three sites producing different 

commodities, making it possible for the results to be generalized to most of the mineworker 

populations in South Africa.  Participants were enrolled at different stages of the same exposure, 

making a perfect platform to observe at which stage of the exposure the adverse effect ensued. Age 

and noise levels, being the confounders of possible auditory effects of HIV-infection and ARV drug 

therapy, were measured to improve statistical analyses.  

The main weakness of the study was the duration. Due to budget constraints, the cohort could only 

be followed-up for eighteen months. This may be too short a period for the study to have shown any 

meaningful results. Furthermore, the fact that convenience sampling was used at on-site clinics at 

Modikwa Platinum and Sibanye Gold may have introduced a selection bias. Individuals seeking 

health services at these on-site clinics could have been seeking help for ear, nose and throat 

symptoms in which case they would have been more likely to have had some form of hearing loss. 

Also, selection bias may have been introduced to the study from a high rate of loss to-follow-up due 

to participants deciding not to be part of the study any longer, being retrenched, resigning, or being 

deployed elsewhere. What may have contributed significantly toward the loss to follow-up was 

when a participant would test positive at a visit and then, as we assumed, they became too 

discouraged to remain a part of the study. Fixed-dose, combination HAART renders it difficult to 

study a specific effect of each particular drug constituent because each retains its properties despite 

the synergistic association. Lastly, the population sample-size was too small to allow for conclusive 

results. 
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CONCLUSION AND RECOMMENDATIONS 

 

Even though the prevalence of adverse auditory manifestation in people living with HIV may be 

higher than in those who are HIV-negative, in mineworkers this difference may be reduced to levels 

below statistical significance due to high noise exposure. There is a possibility that noise may distort 

the impact of HIV/ARV treatment in mineworkers, suggesting that an HIV-negative mineworker may 

still be worse off than an HIV-positive individual in the general population.  

 

Also, judging from the high proportion of participants who had attended secondary school, the 

profile of a traditional mineworker may be changing. Current mineworkers are younger and more 

educated than in the past. This profile may predispose them to high recreational noise, adding to the 

effect of occupational noise. This study emphasized that noise is still the overwhelming contributor 

towards hearing-loss and therefore efforts to minimize exposure to noise should be increased.  

 

While literature in support of ARVs being ototoxic is very conflicting, there is strong evidence that 

the prevalence of audiologically adverse effects is higher in HIV-positive groups than in HIV-negative 

groups. Therefore, strategies towards HIV / PTB awareness and prevention should still be prioritised. 

Prompt initiation of treatment of those who are diagnosed HIV-positive should be encouraged. 

Guidelines should be amended to incorporate high-frequency audiometry at least three-monthly for 

the first year in those who are on ARV-therapy. HIV-positive patients should be educated on 

symptoms of adverse audiological effects so that they report these as soon as possible. Mine 

managements could enforce six-monthly, high-frequency audiometry as part of medical surveillance 

for all HIV-positive mineworkers. 
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APPENDIX 2: BASELINE QUESTIONNAIRE 



45 | P a g e  
 

  

 

 

 

 



46 | P a g e  
 

 

 

 

 

 



47 | P a g e  
 

 

 

 

 

 



48 | P a g e  
 

 

 

 

APPENDIX 4: FOLLOW UP QUESTIONAIRE (HIV NEGATIVE) 



49 | P a g e  
 

 

 

 



50 | P a g e  
 

 

 

 

APPENDIX 5: FOLLOW UP QUESTIONAIRE (HIV POSITIVE) 



51 | P a g e  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



52 | P a g e  
 

 

 

 


