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Abstract
Ototoxic drugs are widely used in the developing world, without audiological monitoring. Epidemiological data on
ototoxic deafness are lacking for developing countries. The public health aspect of ototoxicity is often overlooked,
to the detriment of the individual patient. This paper reviews ototoxic hearing loss, particularly in sub-Saharan
Africa, and also assesses the impact of treatments for tuberculosis, cancer and human immunodeficiency virus
(the latter including highly active antiretroviral therapy) on ototoxic hearing loss. The paper also discusses
obstacles to audiological monitoring for ototoxicity in the developing world, and the potential of audiology
screening using applications for mobile devices.
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Introduction
TheWorld Health Organization’s (WHO’s) global esti-
mate for disabling hearing impairment (defined as
more than 40 dB HL impairment) has more than
doubled from 120 million people in 1995 to at least
278 million in 2005.1 A total of 364 million people
worldwide have mild hearing impairment, while 624
million are estimated to have some level of hearing
impairment; 80 per cent of the people live in develop-
ing countries.1 The consequences of hearing impair-
ment, such as inability to communicate, delayed
language acquisition in children, educational and econ-
omic disadvantages, and social isolation, are amplified
in developing world countries because of the lack of
rehabilitation and social services.
Over 130 drugs are ototoxic. Injectable aminoglyco-

sides are by far the most common cause of ototoxic
hearing impairment.2 Cancer is an increasing problem
in developing countries, and chemotherapy-associated
hearing loss is associated with the use of platinum
agents, specifically cisplatin and high-dose carboplatin.
Most information on cisplatin-induced hearing loss
comes from developed countries, with only limited
data from developing countries.
The UNAIDS organisation has estimated that, at the

end of 2009, 33.3 million people were living with
human immunodeficiency virus (HIV) infection, with

Eastern and Southern Africa most affected.3 An
increased incidence of hearing loss among HIV-positive
patients has been reported.4–6 Understanding the effects
of HIV, acquired immunodeficiency syndrome (AIDS)
and highly active antiretroviral therapy (HAART) on
the auditory system is therefore important, particularly
in the developing world.
Furthermore, as tuberculosis (TB) and HIV often

occur together in developing countries, HAART and
ototoxic TB drugs are often given simultaneously,
compounding the potential for ototoxicity.
Although monitoring for ototoxicity should be a

standard part of therapeutic management, audiology
services are virtually non-existent in many developing
countries and hearing loss goes undetected.7 Even in
the face of limited resources, the value of monitoring
patients without providing rehabilitation for those
who develop hearing impairment might be questioned.
However, at the very least, patients do have the right to
be educated about the risks of ototoxic hearing loss;
this should be part of the process of obtaining informed
consent.

Aminoglycoside-induced ototoxicity
In 1995, the WHO stated that aminoglycoside ototoxi-
city was a ‘major concern’, and highlighted the lack of
epidemiological data on ototoxicity and hearing
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impairment in both developed and developing
countries.8 Compared to developed countries, where
there has been a dramatic reduction in the use of ami-
noglycosides, these drugs are still widely used in
developing countries due to their low cost and broad
antimicrobial spectrum.8 The reported prevalence of
aminoglycoside ototoxicity among deaf individuals in
developing countries ranges from 3 to 30 per cent.8

Multidrug-resistant TB, defined as resistance to both
isoniazid and rifampicin, requires prolonged treatment
for up to 18–24 months with injectable aminoglyco-
sides such as kanamycin and amikacin.9 Due to the
global upsurge of multidrug-resistant TB, aminoglyco-
side use is on the increase, placing many people at risk
of ototoxicity.9 In sub-Saharan Africa, where HIV
contributes to the burden of TB, the prevalence of
multidrug-resistant TB is five to six times higher than
that in China and India.9,10

Cisplatin-induced ototoxicity
Cisplatin is an antineoplastic drug often used to treat
various tumours, including head and neck, oesopha-
geal, and small and non-small cell lung cancers, as
well as Hodgkin’s and non-Hodgkin’s lymphomas
and sarcomas. Ototoxicity is a dose-limiting side-
effect of the drug.11 Bokemeyer et al. showed that
patients with sensorineural hearing loss or chronic
noise exposure prior to chemotherapy had a threefold
risk of ototoxicity.12 Other risk factors for cisplatin-
induced ototoxicity include increased dosage, depleted
nutritional state (with low serum albumin levels and
anaemia) and cranial irradiation.13 Patients with naso-
pharyngeal carcinoma appear to be very susceptible
to the interaction of cisplatin and cochlear irradiation.14

Human immunodeficiency virus treatment
and ototoxicity
Patients who are HIV-positive have an increased inci-
dence of hearing loss: 21–49 per cent will develop sen-
sorineural hearing loss, predominantly in the high
frequencies.4,6,15

Human immunodeficiency virus positive patients are
at greater risk of hearing loss, due to otitis media,
opportunistic central nervous system infections (e.g.
toxoplasmosis, cytomegalovirus, TB and cryptococco-
sis), malignancies (including Kaposi’s sarcoma and
lymphoma), HIV-1 infection, ototoxic drug treatment
and other causes.15–19 In addition, HIV may directly
affect auditory function due to neurotropism of the
virus.20

Long-term antiretroviral therapy also has significant
metabolic side effects.21 The metabolic side effects of
nucleoside reverse transcriptase inhibitor, a drug used
in HIV treatment, may be related to mitochondrial tox-
icity.22,23 Cross-sectional studies have demonstrated an
association between this drug and hearing loss.24–26 To
date, prospective studies have not examined the long-
term effects of antiretroviral drugs on the auditory
system. However, Khoza-Shangase recently published

a study which monitored the auditory status of adults
with AIDS and receiving HAART, compared with a
control group, over a period of six months. Initially,
both groups had normal pure tone audiograms;
however, after six months the HAART-treated AIDS
patients showed subclinical hearing changes together
with clinically significant changes in distortion
product otoacoustic emissions.27

More recently, an animal study showed that while
antiretroviral drugs may not be directly ototoxic, they
may act synergistically when combined with other
stressors (e.g. noise) due to effects on outer hair cell
mitochondria.28 This may have implications for HIV-
positive patients receiving HAART, in terms of noise
exposure and noise-induced hearing loss.
In South Africa, as in many sub-Saharan countries,

TB treatment is one of the most frequently administered
therapies for HIV-AIDS patients. The combined effects
of aminoglycosides and HAART on the auditory
system have yet to be determined. While there is very
limited information on possible HAART ototoxicity,
it is clear that HIV-positive individuals are potentially
at high risk of ototoxic hearing loss, as they are often
prescribed ototoxic medication for the treatment of
opportunistic infections (e.g. amphotericin B) or
cancer (e.g. cisplatin).4–6,18

Human immunodeficiency virus positive patients
have an increased risk of malignancy.29 Treating
cancer in HIV-positive patients is challenging because
of drug interactions, compounded side effects, and the
potential effects of chemotherapy on HIV-1 viral load.
To date, there are no published reports assessing the
combined effects of chemotherapy (particularly platin-
based chemotherapy) and HAART on the hearing
status of HIV-positive patients.

Audiological monitoring for ototoxicity
Early identification of ototoxic hearing loss due to cis-
platin therapy provides physicians with an opportunity
to adjust the drug therapy in order to minimise or
prevent hearing loss.30 However, multidrug-resistant
TB is a more immediately life-threatening disease,
both to the patient and their community, and aminogly-
cosides often have to be continued despite ototoxic
hearing loss. Even so, screening and monitoring for
ototoxic hearing loss is still important for patients
with multidrug-resistant TB, as this enables audiolo-
gists to counsel patients and their families regarding
ototoxicity-induced hearing loss, tinnitus, communi-
cation strategies, and the synergistic effects of noise
and ototoxic damage. It also identifies patients who
may benefit from appropriate rehabilitation after com-
pletion of treatment.
There are no universally accepted protocols for moni-

toring ototoxicity. In the UK, there is wide variation in
screening practices for ototoxicity related to multidrug-
resistant TB.31 The guidelines of the American
Speech-Language-Hearing Association for audiological
management of individuals treated with ototoxic drugs
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are based on large clinical studies, and recommend that
patients should undergo a baseline evaluation before
treatment is initiated. The frequency of monitoring
depends on the particular drug regimen. For patients
undergoing cisplatin chemotherapy, monitoring is
usually performed prior to each dose; for those receiving
ototoxic antibiotics such as aminoglycosides, it is done
once or twice a week. Because ototoxic hearing loss
can occur up to six months following drug exposure,
post-treatment evaluation is required to confirm that
hearing has stabilised.30

Initially, ototoxic drug exposure typically affects the
basal end of the cochlea and the vascular striae and
causes hearing loss in the high frequencies; however,
continued exposure affects progressively lower fre-
quencies which are important for understanding
speech.11,30 Therefore, detecting changes in pure tone
thresholds using serial ultra-high frequency audiometry
(up to 18 kHz) is an effective indicator of ototoxic
hearing loss. High frequency audiometry and distortion
product otoacoustic emission testing have been shown
to be the most reliable means of detecting early
cochlear outer hair cell damage. However, abnormal
middle-ear function and baseline hearing loss of
greater than 40 dB HL may preclude effective monitor-
ing using otoacoustic emissions. Auditory brainstem
evoked response testing may be more appropriate in
such cases.30

Obstacles to audiological monitoring in the
developing world
Developing countries have financial pressures on their
health systems and competing budgetary demands from
life-threatening and/or communicable diseases. In
addition to these general constraints, the provision of
audiology services in developing world countries is
subject to additional challenges, exemplified in the
Western Cape region of South Africa.32 These challenges
include: a heavy concentration of services at central hos-
pitals, with few or no services available in smaller facili-
ties; a need to decentralise audiological screening to
peripheral hospitals where community-based multidrug-
resistant TB treatment is commenced;2,33 a shortage of
staff and skills at regional hospitals, as well as at special-
ised TB hospitals (where multidrug-resistant TB patients
should be screened and monitored for ototoxicity);32 and
inadequate facilities and equipment for delivery of
audiology services.32

Fagan and Jacobs conducted a survey of ENT ser-
vices in sub-Saharan Africa and found an alarming
paucity of audiology services, with several countries
having no audiology services at all.7 In most of the
countries surveyed, the majority of people depended
on state services. In countries where ENT services
were available, they were restricted to major cities.
Therefore, at this stage it is unrealistic to implement

in developed countries the international audiological
monitoring protocols that are considered to represent

an acceptable standard of care as regards ototoxicity
screening and monitoring.

Cost-effective, affordable monitoring of
ototoxicity
We need to develop and validate ototoxicity screening
and monitoring tools which are commensurate with the
financial, infrastructural and audiology service con-
straints of developing world countries.
Telephonic and telemedicine audiology tools are

already being used. More than 50 per cent of the
world’s mobile phones are in the developing world.
This presents an opportunity to develop applications
for mobile devices – tools of media and communi-
cation which are easy to use and readily available
despite educational and socio-economic barriers.
The Apple computer company, together with

Oticon, a hearing aid company, have devised uHear,
a software program freely available for downloading
onto Apple iPhone devices. uHear is a self-testing
application that performs pure tone audiometric assess-
ments. Its accuracy has not yet been validated in pub-
lished studies.
However, in 2011 a pilot study assessing iPhone

uHear as a screening tool for detecting hearing loss
was conducted at Groote Schuur Hospital in Cape
Town (S Peer, unpublished data). Twenty-five patients
were tested using uHear, in three different settings: a
waiting room, a quiet room and a soundproof room.
The results were compared to a formal audiogram.
There was good accuracy for high frequencies in a
quiet setting and a soundproof room, and fair-to-mod-
erate correlation for low frequencies.
Although this study was only a pilot study, its results

suggest that audiology applications for mobile devices
hold promise as cheap, mobile screening and monitor-
ing tools for ototoxicity in developing world settings.

Conclusion
In order for ototoxicity monitoring programmes to be
successfully implemented in the developing world, pro-
tocols must be applicable in this setting and context-
sensitive. This requires sound ototoxicity research data,
both epidemiological and clinical, from developing
world populations, in order to inform local guidelines
on screening practices. It is important that researchers
investigate the ototoxic effects of HAART, both when
used alone and when interacting synergistically with
other drugs. Mobile devices are widely available in the
developing world. This presents researchers with an
opportunity to develop audiology applications for
mobile devices which permit cheap, mobile screening
and monitoring for ototoxicity, thus overcoming the
scarcity of specialised audiology services.
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