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This chapter discusses hearing loss related
to tuberculosis (TB), HIV, and aminoglycosides. These are significant causes of
hearing loss pertinent to developing world
countries where the consequences of hearing impairment are exaggerated because of
the lack of auditory rehabilitation facilities.
In 2013, the global estimate by the World
Health Organization (WHO) for disabling
hearing impairment (>40dB HL in adults
and >30dB HL in children) was 368
million (5,3% of the world’s population).1
The prevalence of disabling hearing loss
both in children as well as in adults over
65yrs is highest in South East Asia, AsiaPacific and Sub-Saharan Africa.1
Tuberculosis (Figure 1) is a major global
health problem and is the second biggest
cause of death from infectious disease after
HIV.2 South Africa has one of the highest
rates of drug-resistant tuberculosis (MDRTB) in the world.2 Treatment of drugresistant tuberculosis necessitates use of
2nd line injectable anti-TB drugs which
are associated with sensorineural hearing
loss (SNHL).2

2010, an estimated 1,16m people (including children) in South Africa were on
antiretroviral treatment.3
HIV & TB go hand-in-hand. Fifty percent
of TB patients in South Africa test positive
for HIV; this necessitates antiretroviral and
TB drugs to be given simultaneously.
Harris et al reported that HIV-positive
multidrug-resistant (MDR) TB patients
on highly active antiretroviral therapy
(HAART) were more likely to develop
ototoxic hearing loss than HIV-negative
MDR-TB patients.2 Similarly, Brits et al in
a study which compared the hearing
profiles of gold miners with and without
tuberculosis found that miners with TB had
significantly poorer hearing thresholds and
more pronounced decline over time which
was independent of noise exposure. It was
found that TB is associated with other
predisposing factors for hearing loss including HIV, opportunistic infections and
exposure to other ototoxic drugs.4
Understanding the effects of these combinations of ototoxic drugs on the auditory
system is important as a large number of
patients are potentially at risk of SNHL;
however the extent of the problem may not
be fully appreciated because of a lack of
monitoring for ototoxicity.

TB-related Hearing Loss

Figure 1: Mycobacterium tuberculosis acid-fast
bacilli on Ziel-Niehlsen staining (Courtesy John
Kruger)

HIV is a major health issue in developing
countries. E.g. the number of patients
living with HIV in South Africa increased
from 4,2m in 2001 to 5,4m in 2011. In

This can be a consequence of aminoglycosides, TB of the middle ear and TB meningitis. Aminoglycosides are used in MDRTB and are the principal cause of TBrelated hearing loss; this is addressed under
Aminoglycoside Toxicity.
TB otitis media: The classic features are
painless otorrhoea with multiple tympanic

membrane perforations; exuberant granulations; severe hearing loss; and bone necrosis.5,6 However, the clinical signs of TB
otitis media do not always conform with
this description and may be extremely
varied. Patients who present with otorrhoea
refractory to standard antibiotic treatment
and chronic middle ear infection associated
with facial nerve palsy should raise a
suspicion of TB.7,8 Thirty per cent of TB
otitis media patients present with acute
infection or superinfection and mastoid
involvement (Figure 2).7,8 TB mastoiditis
should be considered in the differential
diagnosis of a patient presenting with a
polyp in the ear canal, particularly where
TB is endemic (Figure 3). Concomitant
pulmonary TB may or may not be
present.7,8

Figure 2: Coronal CT scan showing extensive erosion of the temporal bone in a TB
patient

Figure 3: Polyp occluding external ear
canal in a patient with TB otitis media

It is valuable to obtain imaging prior to
biopsy to exclude underlying chronic
suppurative otitis media, cholesteatoma,
histiocytosis X, glomus temporale tumor,
or a neoplasm. Ziehl-Nielsen staining is
often unreliable; a definitive diagnosis is
made on culture of tissue specimens or ear
discharge.9 The diagnosis may also be
made on biopsy with histological evidence
of TB granuloma. Polymerase chain reaction (PCR) is an alternative to culture to
diagnose extrapulmonary TB.9 The standard treatment of TB otitis media is antituberculous medication for at least 6
months; disseminated TB and TB meningitis require treatment for 9 - 12 months.10
TB meningitis: The mortality and morbidity of TB meningitis is very significant;
therefore prompt diagnosis and early initiation of treatment are essential. It is one of
the most common opportunistic central
nervous system (CNS) infections associated with HIV, especially with advanced
stages of HIV.11 The duration of symptoms
prior to presentation may vary from several
days to months. It may present as acute or
chronic meningitis.11 In addition to a nonspecific prodrome of headache, malaise,
nausea and vomiting, patients may present
with cranial palsies, most commonly the
6th but also the 2nd, 3rd, 4th and 8th cranial
nerves. Treatment should not be delayed
and should be initiated based on clinical
suspicion. Definitive diagnosis requires
examination of CSF for acid-fast bacilli,
although the yield is often low; in HIVpositive cases the yield of mycobacterium
is often better because of greater CNS
dissemination.11 M. Tuberculosis can take
up to 8 weeks to culture on solid media.
PCR of CSF samples increases the rapidity
of diagnosis, but while specificity is high,
sensitivity is low (40-60%). For severe
disease, adjunctive steroids reduce mortality, although no significant beneficial
effects on intracranial pressure, basal
ganglia infarcts, blindness or deafness

were demonstrated
study.12

in

a

randomised

Aminoglycoside Ototoxicity
Aminoglycosides were introduced in the
1940’s and are highly effective treatment
of MDR-TB and gram negative infection.13
The ototoxic and nephrotoxic effects of
aminoglycosides became evident shortly
after their introduction and have limited
their use although in developing countries
they are still widely used due to their broad
antimicrobial spectrum and low cost. 14
Patients with TB require retreatment when
they fail or default from initial treatment or
relapse following initial treatment success.
MDR-TB is defined as resistance to both
isoniazid and rifampicin. Aminoglycosides
are indispensable in treatment of retreatment-TB and MDR-TB. WHO guidelines
dictate that injectable aminoglycosides e.g.
streptomycin for retreatment of TB and
amikacin and kanamycin for MDR-TB
(Table 1) should be employed along with
residual first-line oral drugs.
Classes

Anti-TB drugs

MDR-TB patients often have to be treated
for at least 18-24 months with these 2nd
line TB drugs; this places patients at high
risk of developing aminoglycosideinduced SNHL.15 Aminoglycosides affect
both the vestibular and cochlear functions
of the inner ear; however individual
aminoglycosides exhibit variable degrees
of cochleo- and vestibulotoxicity.16 Streptomycin and gentamicin are primarily
vestibulotoxic; amikacin, neomycin, kanamycin are primarily cochleotoxic.7
Patients are generally able to compensate
for vestibular damage; however ototoxic
hearing loss is permanently disabling.7
Hearing loss is usually gradual, and
symmetrically bilateral (Figure 4).17

Comments

Rifampicin (RIF)
st

1 line
drugs

Isoniazid (INH)
Pyrazinamide (PZA)

Core of initial TB
treatment
None are ototoxic

Ethambutol (EMB)
Streptomycin (SM)

Kanamycin/Amikacin

Capreomycin*
2nd line
drugs

Aminoglycoside used in
retreatment TB
Ototoxic & nephrotoxic
Aminoglycoside
used in MDR-TB
Ototoxic & nephrotoxic
Polypeptide drug used in
MDR-TB
Ototoxic & nephrotoxic

p-Aminosalicylic acid

Mechanisms of Aminoglycoside-induced
Ototoxicity

Levofloxacin
Moxifloxacin
Gatifloxacin

Figure 4: Baseline and follow-up audiograms of a patient on treatment for MDRTB
showing
bilateral
symmetrical
progressive sensorineural hearing loss
(SNHL)

No ototoxic potential
documented

Cycloserine
Ethionamide

Table 1: Classes of TB drugs

Aminoglycosides target the sensory neuroepithelium of the inner ear.7 Outer cochlear
hair cells are more susceptible to injury
than inner hair cells; the basal region of the
cochlea is more susceptible than the apical

region.16 Loss of cochlear hair cells causes
secondary degeneration of the auditory
nerve. This is clinically expressed as high
frequency hearing loss; with increased
exposure this progresses to involve the
lower frequencies (Figure 4).
Aminoglycosides can remain sequestered
within cells of the inner ear for up to 6
months; thus ototoxic injury and associated
hearing loss may progress for weeks
following cessation of treatment. 18 Wang
et al demonstrated that ototoxicity may
persist for up to one year, even after
stopping the drug.18 This is relevant when
managing ototoxicity in MDR-TB, as
patients may be exposed to aminoglycosides for up to 18-24 months. 15 In a study
of hearing loss in children with MDR-TB,
Seddon et al reported that 7/11 patients
with audiometric evidence of hearing loss
had progression of hearing loss after
cessation of treatment. 19
Risk factors for aminoglycoside-induced
ototoxicity20
1. Renal dysfunction: Aminoglycosides
are primarily excreted by the kidney;
hence serum aminoglycoside levels can
increase with renal dysfunction 20
2. Advanced age
3. Bacteraemia
4. Cumulative dose
5. Concomitant ototoxic drugs
6. Higher serum aminoglycoside concentrations
7. Genetic predisposition
Monitoring aminoglycosides to reduce
ototoxity
Serum trough levels should be monitored
to prevent toxicity when treating acute
infection e.g. gram negative sepsis, or
when multiple daily doses of aminoglycoside are administered.17 However
measuring serum trough levels may not be

practical with retreatment-TB and MDRTB as most patients are treated in the
community and are treated for prolonged
periods. In such cases the risk of toxicity
may be more strongly associated with a
larger cumulative dose as patients on
MDR-TB regimens are exposed to aminoglycosides for a prolonged period of time.
This concurs with a randomised trial by
Peloquin et al 21 who looked at the incidence of toxicities associated with two
recommended dosing regimens (daily vs.
three times per week of intravenous streptomycin, kanamycin, or amikacin) in TB
patients; the magnitude of the dose and
frequency of administration were not
associated with ototoxicity; ototoxicity was
associated with a larger cumulative dose
and older age. 21
Genetic screening for aminoglycosideinduced ototoxicity
Genetic factors contribute to aminoglycoside-induced ototoxicity. Aminoglycosides
bind to highly conserved sequences of
bacterial 16S rRNA and thereby interfere
with protein synthesis and cause apoptosis.
Human mitochondrial ribosomes share
similarities with bacterial ribosomes.
Therefore it has been proposed that hair
cell mitochondria may be an early target of
aminoglycosides. A higher incidence of
aminoglycoside-induced hearing loss is
likely in individuals with an inherited
mitochondrial RNA defect. In patients
carrying certain mitochondrial mutations
(12S rRNA mutations), the structure of the
mitochondrial rRNA has an even greater
resemblance to that of the bacterial ribosome. This close resemblance increases the
potential for aminoglycosides to bind to
rRNA; this in turn increases the potential
for ototoxic effects on the hair cells
following exposure to aminoglycosides.
The first mitochondrial mutation shown to
increase aminoglycoside-induced ototoxiccity is the 1555 A→G. 22To date there are

six known mitochondrial mutations which
have been linked to aminoglycosideinduced hearing loss: A1555G, C1494T,
T1095C, T1291C, 961delT+C(n) and
A827G, with A1555G being the most
common.23 Screening individuals before
commencing aminoglycosides detects
those who are more susceptible to hearing
loss, and allows genetic counselling and
informed consent. The Genetics Department at Tygerberg Hospital in Cape Town,
South Africa has developed a method to
simultaneously detect the 6 known aminoglycoside-induced mutations which facilitates detection of susceptible individuals
prior to commencing aminoglycosides. 22

structures of the inner ear, causing SNHL.
Direct causes refer to primary HIV
infection of the central nervous system or
peripheral auditory nerve.
HIV & Conductive/Mixed Hearing Loss
Opportunistic infections or malignancies
like otitis media and Kaposi’s sarcoma
which affect the external and/or middle ear
can cause conductive or mixed hearing
loss. HIV-positive children appear to have
a higher incidence of conductive hearing
loss due to middle ear pathology compared
to HIV-positive adults who tend to have
SNHL.25,26 A recent study found that
middle ear effusions were present in about
1/3 of patients.26

HIV and Hearing Loss
HIV and SNHL
The incidence of hearing impairment in
HIV/AIDS varies between 20-40%.24
Hearing impairment may result from
pathology in the external, middle and/or
inner ear and may be conductive, sensorineural or mixed. HIV affects the sensorineural auditory system directly or indirectly (Figure 5).25

Van der Westhuizen et al. reported an
incidence of SNHL as high as 72%; it was
present unilaterally and bilaterally in 32%
and 40% respectively, and was more common than conductive hearing loss; the
incidence of SNHL increased significantly
with disease progression (18% in CDC
category 1 and 23% and 31% in CDC categories 2 and 3 respectively).26 SNHL may
be attributed to opportunistic ear infections; ototoxic drugs; neoplasia affecting
the temporal bone and CNS; opportunistic
CNS infections, and direct effects of the
virus. These are discussed in detail below.
1. Opportunistic ear infection

Figure 5: Mechanisms of HIV-related
auditory dysfunction 17
Indirect causes can be associated with
opportunistic infections that compromise
the functioning of the sensory and neural

The following HIV-related infections of
the outer and middle ear may cause
conductive or mixed hearing loss
• Middle ear effusion
• Acute otitis media
• Chronic suppurative otitis media
• TB otitis media
• Malignant otitis externa
• Pneumocystis carinii otitis externa

Middle ear effusion (Figure 6): There is a
strong association between HIV, adenoid
hypertrophy, and middle ear effusions.
Middle ear effusion may be the first manifestation of HIV. It is important to examine
and if need be, biopsy the nasopharynx to
exclude malignancy (Figure 7). 27

Figure 6: Left middle ear effusion with a
retracted tympanic membrane.

Figure 7: Postnasal space mass seen on
nasendoscopy in a patient with HIV
Acute otitis media: This occurs commonly
both in immunocompetent and immunocompromised children. The causative organisms are similar to those in HIV negative
children (Streptococcus pneumoniae, H.
Influenzae and Group A Beta-haemolytic
Streptococcus). However the complica-

tions (recalcitrant infection and systemic
bacteraemia requiring intravenous antibiotics) appear to be more common in HIVpositive children and correlate with the
severity of immune suppression. 28Acute
otitis media therefore has to be treated
aggressively at the outset in HIV-positive
patients to prevent complications. In HIVinfected children with absent or moderate
immune suppression, empiric antibiotic
therapy is based on recommendations for
immunocompetent children. Given the
possible role of Staphylococcus aureus in
severely immunosuppressed stages, extended spectrum antibiotics should be considered. 28
Pneumocystis Carinii otitis media: This
may present as otitis media or mastoidtis.29 Organisms gain access to the middle
ear from a colonised nasopharynx, from
the ear canal, or by haematogenous
spread.29 The diagnosis is made histologically using the Gomori methenamine
silver stain; this typically reveals cyst formation by organisms which are partially
collapsed i.e. "cup-shaped" or "boatshaped".30 Immunohistochemistry with monoclonal antibody to P. Carinii in formalinfixed, paraffin-embedded tissue may be
helpful to confirm the diagnosis.30 Management includes 3 weeks’ intrave-nous
trimethoprim and dapsone; surgical exploration is rarely required.30,31
Chronic suppurative otitis media (Figure
8): Otitis media is more prevalent and
more severe in immunocompromised patients. Persistent otorrhoea in chronic suppurative otitis media is associated with
HIV in children. Use of highly active antiretroviral drugs (HAART) reduces the
prevalence of chronic otitis media in children, probably due to an increased CD4
count. 32

Figure 8: Perforation of left tympanic
membrane
TB otitis media: See earlier
Malignant otitis externa: This is a necrotising infection classically caused by Pseudomonas Aeruginosa (Figures 9, 10) and
involves the external ear canal as well as
the surrounding soft tissue.

It usually occurs in diabetics, although it
may occur in any immunocompromised
patient including those with HIV.33 It
should be suspected in the clinical setting
of persistent pain and otorrhoea despite
conventional treatment. Otoscopy may
reveal a tender, oedematous ear canal with
granulations at its bony-cartilaginous junction. Fever or other constitutional symptoms may be absent. Cranial nerve palsies
may occur; facial nerve involvement is
most common, but it can involve the lower
three cranial nerves in advanced cases.34
Imaging is used to determine the extent of
disease, presence of other complications
and to distinguish it from other conditions.
CT may be normal in the early stages but
as the disease progresses is useful to
determine the extent of bony involvement
(Figure 11).

Figure 11: Coronal CT shows opacification and erosion of the right external
auditory canal
Figure 9: Gram-negative bacilli of P.
Aeruginosa

Figure 10: Colonies of P. Aeruginosa on
nutrient agar with characteristic green
pigmentation (Courtesy John Kruger)

High resolution CT of the temporal bone
can identify subtle cortical erosion (may be
present in other inflammatory and neoplastic processes) as well as effacement of fat
planes beneath the temporal bone and skull
base.35 Sclerotic bone can be detected on
CT following initiation of treatment or is
seen with chronic osteomyelitis.35 Followup CT may be useful to determine resolution of soft tissue disease. Static CT findings can exclude recurrence; however
remineralisation may not be detected on
CT and its use to determine treatment
response is limited.35 MRI has superior

contrast resolution and is better to determine soft tissue extent.33 MRI is also
superior to assess intracranial and skull
base involvement because it assesses the
medullary spaces of bone and identifies
subtle dural enhancement.34 Nuclear medicine techniques have been advocated to
determine the presence of osteomyelitis of
the skull base e.g. Technetium 99 and
Gallium 67 scintigraphy; these may be
more useful for monitoring disease
progress.34 Dual antibiotic therapy using a
combination of anti-Pseudomonas antibiotics such as ciprofloxacin, and either an
aminoglycoside or 3rd generation cephalosporin such as ceftazidime, is recommendded for P. Aeruginosa infection in HIV,
especially in severely immunocompromised patients.33 Combination therapy is
suggested to combat resistance.33 The duration of antibiotic therapy advised varies.
The Bone Infection Unit in Oxford
recommends 6 weeks of intravenous,
followed by 6-12 months of oral antibiotics; however this should be guided by
clinical findings, normalisation of inflamematory markers e.g. ESR, as well as MRI
findings. Surgery has a limited role and is
used to obtain tissue to exclude malignancy and to obtain cultures to tailor antibiotic
therapy. 34
Fungal malignant otitis externa, commonly
Aspergillus (Figures 12, 13): This constitutes a significant proportion of infections
in HIV patients, especially in advanced
HIV.36 Invasive Aspergillus infection is
commonly seen when CD4 counts reach
50/mm.36 Fungal malignant otitis externa
often involves the middle ear and mastoid.
Management includes surgical debridement and antifungal therapy; amphotericin
B is most commonly used.36

Figure 12: Aspergillus flavus conidiophores stained with lactophenol blue

Figure 13: Green velvety growth of
Aspergillus flavus on Sabouraud’s dextrose agar (Courtesy John Kruger)
2. Ototoxic
HAART

Hearing

Loss

including

Treating HIV-related opportunistic infections and malignancies with aminoglycosides, amphotericin B, and platinum-based
antineoplastic drugs such as Cisplatin may
cause SNHL. A number of antiretroviral
drugs also affect the hearing. Highly
Active Antiretroviral Therapy (HAART) is
a combination of antiretroviral drugs
(ARVs) and aims to reduce viral load.
There are 3 classes of ARVs i.e. nucleoside analogue reverse transcriptase inhibitors (NRTIs), non-nucleoside analog reverse transcriptase inhibitors (NNRTIs), and
protease inhibitors (PIs) (Table 2).

NRTIs
zidovudine
lamivudine
stavudine
didanosine
abacavir
tenofovir
emtricitabine
zalcitabine

NNRTIs
nevirapine
efavirenz
delavirdine

PIs
nelfinavir
Ritonavir
saquinavir
indinavir
Lopinavir-ritonavir
Atazanavir
amprenavir
Fos-amprenavir

Table 2: Three ARV classes and agents:
From: http://www.aidsmap.com/ Types-ofantiretroviral-drugs (retrieved 21 June 2013)
NRTIs and NNRTIs suppress HIV replication by inhibiting the action of HIV reverse
transcriptase; PIs inhibit HIV protease enzyme. Fusion inhibitors are the latest available ARVs. Entry inhibitors mainly prohibit HIV from entering the patient’s
cells.37,38 To date this ARV class includes
only Enfuvirtide. HAART regimes typically consist of NRTIs combined with
NNRTIs or PIs; NRTIs are the most prevalent components of HAART regimes.39
Table 3 presents a summary of studies that
report the effects of ARVs on the auditory
system.
The majority of studies report that NRTIs
are the most likely cause of SNHL,
whether permanent or reversible. Only one
case report in which ARVs from the PI
class were administered was associated
with a SNHL.39 One study40 showed no
evidence of ototoxicity; however this study
only used pure tone audiometry and did
not include otoacoustic emissions (OAEs)
in the monitoring test battery. OAEs are a
sensitive test of cochlear damage, particularly outer hair cells, and can be affected
long before it is apparent on pure tone
audiograms. Although the exact mechanisms are not clear, ARVs are thought to
damage mitochondrial DNA.46 Nucleoside
reverse transcriptase inhibitors (NRTIs)
and combinations of drugs have been
reported to cause ototoxicity in chil-dren
and adults.41 The ototoxic effects of these
drugs are influenced by drug type,
combinations, dosages and age of the
individual and noise exposure.

Studies
Schouten et
al. 2006 40

Rey et al.
2002 41

Design
Longitudinal
over
32weeks (33
adults)
Adult case
report

ARVs
zidovudine*
didanosine*

Hearing loss
No significant
changes related
to ARVs

Williams et
al. 2001 39
Simdon et
al. 2001 42

Adult case
report
3 adult case
reports

Christensen
et al. 1998

Paediatric
case report

stavudine*
lamivudine*
nevirapine
lopinavirritonavir
Case #1:
zidovudine*
didanosine*
stavudine*
Case #2:
indinavir
stavudine*
lamivudine*
didanosine*
Case #3:
efavirenz
stavudine*
lamivudine*
zidovudine*
zidovudine*
didanosine*

Permanent
SNHL

Marra et al.
1997 44

99 adults
with HIV (43
on ARVs)

zidovudine*
didanosine*
zalcitabine*

9% with SNHL
(associated with
ARVs for
patients >35yrs)
Permanent
SNHL

Monte et
al. 1997 45

Adult case
report

zalcitabine*

Reversible
SNHL
Permanent
SNHL

Permanent
SNHL

42

* = NRTIs

Table 3: Summary of reports of the effect
of ARVs on the auditory system (Adapted
from Stearn and Swanepoel 25)
3. Neoplasms of temporal bone and CNS
Kaposi Sarcoma (KS): KS may involve the
external auditory canal, tympanic membrane and middle ear.29 Treatment involves antiretroviral drugs, the response to
which is frequently unpredictable; therefore it is often combined with treatment
directed at the KS lesion.47 Localised
cutaneous KS responds well to surgical
excision, cryotherapy, intralesional vinblastine, bleomycin, radiation therapy,
interferon-a, and ablation with CO2 laser.
47
Lesions which extend onto the tympanic
membrane can be ablated using argon laser
without causing tympanic membrane perforations.48 Radiation therapy may be used
for extensive lesions. 48

Non-Hodgkins lymphoma (NHL): This has
been reported to involve the pinna,
external auditory canal (Figures 14, 15),
tympanic membrane and temporal bone
with associated VIIn palsy in HIV
patients.49 Extra-nodal NHL may mimic
otitis externa and squamous cell carcinoma; it should therefore be considered in
atypical lesions and biopsies should be
repeated if the histological diagnosis does
not conform with the clinical picture. A
histological diagnosis may be difficult
when the disease occurs in such locations;
immunohistochemistry may be required to
make the diagnosis.49

cal meningitis, otosyphilis, cytomegalovirus infection and Ramsay-Hunt syndrome.
TB meningitis: This is one of the most
common opportunistic CNS infections in
HIV, especially with advanced HIV.11
Cryptococcal meningitis: As a consequence of the increase in HIV-associated cryptococcosis, it is now the leading cause of
community-acquired meningitis, ahead of
TB and bacterial meningitis; it accounts for
20-45% of laboratory-confirmed cases of
meningitis in Southern Africa.50 It is
caused by Cryptococcus neoformans, an
encapsulated, budding, yeast-like fungus
(Figures 16, 17).

Figure 14: Friable mass involving external
auditory canal; biopsy revealed NonHodgkins lymphoma
Figure 16: Gram stain of Cryptococcus
neoformans yeast (Courtesy John Kruger)

Figure 15: Coronal CT shows mass expanding right external auditory canal
4. Opportunistic CNS infections
Opportunistic CNS infections causing
SNHL include TB meningitis, cryptococ-

Figure 17: Cryptococcus growth on blood
agar

It is found in soil and pigeon droppings;
humans are infected by inhalation. The
infection spreads haematogenously to the
brain and meninges. Patients present with
headache, nausea/vomiting, disorientation
and cranial nerve deficits.50 SNHL may be
the presenting symptom and may be of
sudden onset or progressive in nature.51
Bilateral SNHL has been reported in 1830% of cryptococcal meningitis patients.52
A temporal bone study demonstrated direct
damage to the vestibular and cochlear
nerves.51 Cryptococcal CNS infection has
also been associated with auditory
neuropathy.51 Audiological testing may
therefore show otoacoustic emissions to be
present, abnormal/absent evoked potentials, poor speech perception, and absent
acoustic reflexes.51 Diagnosis is made by
the presence of serum cryptococcal antigen
and evaluation of CSF by lumbar puncture.
It is treated with amphotericin B and 5fluorocystosine followed by lifelong suppression with fluconazole.50
Otosyphilis: Otosyphilis is increasing
mainly because of the HIV pandemic. It is
part of tertiary syphilis; in immunocompetent individuals this occurs 15-20 years
after primary infection. In patients with
HIV this time interval is significantly accelerated and can occur as quickly as 5 years
after primary infection. Otosyphilis can
occur in HIV-positive patients despite high
CD4 counts.53 It should be considered in
any HIV patient complaining of hearing
loss or vertigo. Patients may complain of
sudden, progressive or fluctuating hearing
loss, with or without tinnitus or disequilibrium. SNHL is unilateral or bilateral.
Diagnosis may be made with Flourescent
Trepomena Antigen Antibody Absorbed
Test (FTA-ABS); however this cannot
distinguish between active and treated
disease and remains positive for life despite treatment. Hence the diagnosis of
otosyphilis remains controversial.53 The
Venereal Disease Research Laboratory

(VDRL) and Rapid Plasma Regain (RPR)
tests are indicators of active disease and
become negative once it has been
adequately treated. Optimal treatment
consists of high-dose intravenous penicillin
as well as systemic steroids given over 1014 days. 53
5. Direct effect of HI virus on hearing
HIV is associated with auditory neuropathy (AN). AN is an otologic syndrome
characterized by normal otoacoustic emissions and altered/absent auditory evoked
potentials in patients with mode-rate-toprofound SNHL (Figures 18, 19).

Figure 18: Pure tone audiogram shows
bilateral SNHL with poor speech discrimination scores
Patients with AN can present with any
configuration or degree of hearing loss;
unilateral AN also occurs.52 Researchers
have proposed several sites of lesion for
AN: inner hair cells of the cochlea,
synapse between the cochlea and VIII
nerve, VIII nerve, or combinations thereof.52 A disorder at any of these sites leads
to dys-synchrony of the auditory nerve and
brainstem. Synchrony is critical for under-

standing speech in the presence of noise.54
Abnormalities recorded by auditory brainstem responses (ABR) in patients with
HIV suggest involvement of the peripheral
and central auditory nervous systems.55-57
These abnormalities may be due to demyelination as a result of direct infection of
glial and neurological cells.57 Post mortem
studies58,59 demonstrated microstructural
changes as well as viral-like particles
characteristic of HIV within the epithelium
and endolymphatic spaces of the endorgans suggesting that the HI virus may be
directly ototoxic. The majority of these
studies also showed structural abnormalities within the CNS. SNHL associated
with HIV is typically high-frequency with
a pattern similar to that seen in presbyacusis.
Audiological Screening and Monitoring
for Ototoxicity
Screening, identification and monitoring
for ototoxic hearing loss allows one to
counsel patients and their families, to
possibly stop ototoxic drugs or to adjust
the treatment regimen, to provide and to
rehabilitate hearing. Developing countries
often lack resources to implement effective
screening and monitoring for ototoxicity;
research needs to be directed at practical
and cost-effective screening tools.3
Symptoms of ototoxicity include tinnitus,
dizziness, and difficulty understanding
speech in noise. Patient self-reporting to
detect early hearing or vestibular impairment is neither reliable nor sensitive. 60,61
By the time patients complain of difficulty
understanding speech or vertigo, permanent ototoxic damage has occurred.
Patients with life-threatening illnesses
such as MDR-TB and cancer may need to
continue with medication despite ototoxiccity. The purpose of screening such patients is to provide auditory rehabilitation.

A multidisciplinary discussion including
e.g. a physician, audiologist, oncologist
and patient may be required to determine
appropriate management.
The American Academy of Audiology
position statement and clinical practice
guidelines for monitoring ototoxicity
(2009) includes
• Basic audiologic assessment (including
air conduction audiometry & bone conduction when indicated)
• High frequency audiometry (HFA)
• Otoacoustic emission (OAE) measurements
http://www.audiology.org/resources/do
cumentlibrary/documents/otomonpositi
onguideline.pdf
Comprehensive baseline evaluation (1st
step to monitor ototoxicity) should include
1. Otoscopy & tympanometry to evaluate
outer and middle ear function, particularly since otitis media is a very common opportunistic infection in immunocompromised individuals and may
cause conductive hearing loss
2. Pure tone audiometry to determine
pre-existing hearing loss and to establish a clear association between the
drug and ototoxin-induced hearing
loss. Pure tone audiometry also allows
one to evaluate the range of hearing
loss relevant to speech communication
3. HFA is essential because ototoxicity
tends to affect the basal turn of the
cochlea first, well before changes
become evident in the conventional
range of 250-8000 Hz. HFA includes
pure tone testing above 8000Hz, ranging up to 16 or 20 kHz. Figure 20 illustrates an audiogram of typical
ototoxin-induced hearing loss. Note the
sharply sloping hearing loss in the high
and very high frequencies above
8000Hz

4. Speech audiometry (word recognition) should always be included in the
baseline evaluation to determine if
hearing loss progresses to involve the
conventional frequency range. In such
cases the focus is to preserve speech
frequencies as best possible and to
maintain effective communication
5. OAE measurements are done to
evaluate outer hair cell function (OHC)
as drug toxicity tends to be expressed
first as OHC dysfunction. In addition,
OAE responses tend to change before
hearing thresholds do in the conventional frequency range, but not before
changes are observed in HFA thresholds. It should be remembered that
otitis media or other middle ear pathologies may affect OAE measurements
and would therefore not yield reliable
results.

• ≥10dB pure tone threshold change at
any two adjacent frequencies
• Loss of responses at three consecutive
test frequencies that were previously
present
In addition, an effective referral system
and appropriate follow-up testing are
required.
Frequency of monitoring
This depends on the type of drug e.g. individuals receiving aminoglycosides should
be monitored once to twice a week.3 The
frequency of monitoring for individuals
with HIV depends on the use of ARVs. In
a typical infectious diseases clinic, such
individuals undergo serological testing
every 3 months at which time viral loads
and CD4 cell counts are monitored; ARV
regimes might be adapted according to
these tests. This would be the ideal opportunity to evaluate hearing and to document
changes that occur.
Post-treatment evaluation
Ototoxic drugs such as aminoglycosides
remain in the cochlea long after its administration has been terminated. It is therefore important to perform post-treatment
evaluations to confirm that hearing loss has
stabilized.

Figure 20: Typical ototoxin-induced
high frequency sensorineural hearing
loss
Basis for comparison
A basis for comparison is required to
determine drug-induced changes in hearing
and auditory function. Criteria for clinically significant changes in hearing are 62
• ≥20dB pure tone threshold change at
any one test frequency

Counselling
Patients should be counselled about the
synergistic effect of noise-induced cochlear damage to prevent further hearing
loss.
Monitoring ototoxicity
constrained settings

in

resource

Where audiological facilities to screen for
and monitor hearing loss are not available,
doctors should rely on a careful history

relating to hearing loss, tinnitus, and vestibular symptoms. Community-based mobile
systems for reliable pure-tone audiometry
with masked air- and bone conduction
thresholds are being introduced for hearing
screening in TB-treatment (KUDUWave –
eMoyoDotNet, South Africa). Mobile
phone-based audiometry also shows
promise as a screening tool for ototoxicity
because of its accuracy to detect high
frequency hearing loss (See chapter:
Mobile phone audiometry)
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Gonçalves IC. Audiological and
electro-physiological evaluation of
children with acquired immunodeficiency syndrome (AIDS). Braz J
Infect Dis. 2006;10(4):264-8
56. Matas CG, Sansone AP, Iorio MCM,
Succi RCM. Audiological evaluation in
children born to HIV positive mothers.
Rev Bras Otorinolaringol. 2000;66(4):
317-24
57. Reyes-Contreras L, et al. Brainstem
auditory evoked response in HIVinfected patients with and without
AIDS. Arch Med Res. 2002;33(1):25-8
58. Chandrasekhar SS, Siverls V, Chandra
Sekhar HK. Histopathologic and ultrastructural changes in the temporal
bones of HIV-infected human adults.
Am J Otol. 1992;13(3):207-14
59. Pappas Jr. DG, et al. Ultrastructural
findings in the vestibular end-organs of
AIDS cases. Am J Otol. 1995;16(2):
140-5
60. Palmay L, Walker SA, Walker SE,
Simor
AE
Symptom
reporting
compared with audiometry for the
detection of cochleotoxicity in patients
on long-term aminoglycoside therapy.
Ann Pharmacother. 2011;45(5):590-5
61. Ramma LD, Ibekwe TS. Efficacy of
utilising patient self-report of auditory
complaints to monitor aminoglycoside
ototoxicity. Int J Tuberc Lung Disease.
2012;16(2):283
62. Konrad-Martin D, James KE, Gordon
JS, et al. Evaluation of audiometric
thres-hold shift criteria for ototoxicity
monitoring. J Am Acad Audiol. 2010;
21(5):301-4

ENT Specialist
Division of Otolaryngology
University of Cape Town
Cape Town, South Africa
harristasneem@yahoo.com
Barbara Heinze M.CommPath
Department of Speech-Language
Pathology and Audiology
University of Pretoria
Pretoria, South Africa
Barbara.heinze@up.ac.za
Editors
De Wet Swanepoel PhD
Professor
Department of Speech-Language
Pathology and Audiology
University of Pretoria
Pretoria, South Africa
dewet.swanepoel@up.ac.za
Claude Laurent, MD, PhD
Professor in ENT, ENT Unit
Department of Clinical Science
University of Umeå
Umeå, Sweden
claude.laurent@ent.umu.se
Johan Fagan MBChB, FCS(ORL), MMed
Professor and Chairman
Division of Otolaryngology
University of Cape Town
Cape Town, South Africa
johannes.fagan@uct.ac.za

OPEN ACCESS GUIDE TO
AUDIOLOGY & HEARING AIDS
FOR OTOLARYNGOLOGISTS
www.entdev.uct.ac.za

Authors
Tashneem Harris MBChB, FCORL,
MMed (Otol)

The Open Access Guide to Audiology & Hearing Aids
for Otolaryngologists is licensed under a Creative
Commons Attribution - Non-Commercial 3.0 Unported
License

