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Background. Bacterial meningitis is one of the most common causes of hearing loss. Hearing loss develops within the first few days
following the onset of meningitis, highlighting the importance of early audiology referrals. Post-meningitis hearing loss may lead to cochlear
ossification, making traditional cochlear implantation impossible.
Objectives. To determine the duration of time from meningitis diagnosis to audiology referral. A second objective was to determine
the prevalence and severity of meningitis-related sensorineural hearing loss (SNHL) at Red Cross War Memorial Children’s Hospital
(RCWMCH), a paediatric tertiary hospital in Cape Town, South Africa (SA).
Methods. A retrospective folder review of all children diagnosed with meningitis and referred for audiological evaluation was conducted
over an 18-month period between 1 January 2015 and 30 June 2016. Descriptive statistical methods were used for data analysis.
Results. The total number of inpatients diagnosed with unspecified meningitis at RCWMCH between January 2015 and June 2016 was 345.
The total number diagnosed with bacterial meningitis was 68. Only 16 children with meningitis (23.5%) were referred to the Department
of Audiology at RCWMCH over the 18-month period. Twelve children had confirmed bacterial meningitis. All the children had up-to-date
immunisations. The mean (standard deviation) time from diagnosis to audiology referral was 17 weeks (16.9; range 1 - 60). The overall
prevalence of hearing loss was 42.8%. Four children (28.5%) were diagnosed with severe to profound SNHL.
Conclusions. Less than a quarter of all children diagnosed with bacterial meningitis at RCWMCH over the 18-month study period were
referred to audiology. Frequent delays in referrals for audiological assessment following meningitis were noted. This may indicate a lack of
awareness on the part of doctors. Healthcare practitioners need to be made aware of the need for prompt audiological testing for children
with meningitis. In SA, local guidelines for early diagnosis and monitoring of hearing in children who have had meningitis should be
developed in order to improve hearing outcomes.
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Bacterial meningitis has been identified as one of the most common
causes of hearing impairment in both adults and children.[1] Globally,
10% of children with acute bacterial meningitis may acquire some
degree of permanent bilateral or unilateral hearing loss, which
usually develops within 48 hours of hospital admission.[2] South
African (SA) studies have documented bacterial meningitis as a
risk factor for hearing loss.[3,4] Furthermore, 6% of all acquired
sensorineural hearing loss (SNHL) in the paediatric population can
be attributed to bacterial meningitis.[3] A 12-year study examining the
risk of neurological abnormalities and central auditory dysfunction
following meningitis reported that SNHL may remain stable, or may
fluctuate spontaneously.[2]
Permanent and transient hearing loss develops within the first
few days after the onset of meningitis,[1] highlighting the importance
of early audiology referrals and accurate audiological diagnosis.[5]
It has been reported that delayed diagnosis of hearing loss, which
results in the lack of sufficient or quality language input during
the critical period of speech and language development, may lead
to poor language and academic performance.[6] Children who have
had meningitis should therefore ideally be referred for sensitive
and comprehensive audiological assessments before discharge from
hospital. Despite a large body of evidence illustrating the need for
post-meningitis audiological evaluation, many affected children are
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not assessed and are often lost to follow-up. The poor follow-up rate
is probably due to lack of referral and may indicate a lack of awareness
that hearing assessments following meningitis are necessary.[1,2,5]
Post-meningitis hearing loss may lead to cochlear ossification,
an inflammatory process where the inner ear becomes fibrosed and
eventually ossified. Cochlear ossification, which results in increased
risk of partial insertion of the cochlear implant electrode, may occur
as early as 3 - 4 weeks after the onset of meningitis.[7,8] Findings of a
retrospective review of 47 cochlear implants done in patients with
bilateral profound hearing loss following bacterial meningitis showed
that cochlear ossification, diagnosed with magnetic resonance
imaging, occurred in almost half (44%) of patients.[9] Ossification
typically starts at the round window, proceeding apically.[9] Traditional
cochlear implantation methods (round window or cochleostomy
insertion) are therefore not possible. Any child with post-meningitis
severe to profound hearing loss therefore needs urgent temporal
bone imaging for cochlear ossification and subsequent referral for a
cochlear implant.

Objectives

To determine the duration of time from meningitis diagnosis
to audiology referral. A second objective was to determine the
prevalence and degree of severity of meningitis-related SNHL at Red
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Setting

RCWMCH is one of only two dedicated paediatric academic
hospitals in sub-Saharan Africa. It serves children from birth to
13 years of age. The Department of Audiology at RCWMCH assesses
and treats ~300 children per month.

Streptococcus pneumoniae, found in 2/12 children (16.7%). There was
one case of meningococcal meningitis. All the children had up-todate immunisations. Brain CT scans were performed in 6/14 children
(42.9%). Features of meningitis were reported in all but one case (5/6,
83.3%). Intracranial complications were reported in 5/14 children
(35.7%). No features of middle-ear effusions or opacification of the
mastoid air cell system that could be attributed to an otogenic cause
were detected in any of the scans. All the children were treated with
intravenous antibiotics.

Ethical approval

Audiology findings

Cross War Memorial Children’s Hospital (RCWMCH), a paediatric
tertiary hospital in Cape Town, SA.

Methods

The study was approved by the University of Cape Town (UCT)
Department of Surgery (ref. no. 2016/075) and the UCT Human
Resources Ethics Committee (ref. no. 028/2017).

Procedure

A retrospective folder review of all children diagnosed with meningitis
and referred for audiological evaluation was conducted over an
18-month period between 1 January 2015 and 30 June 2016. A large
amount of data can be accumulated for patients with a retrospective
review; however, some limitations of this design include incomplete
data sets, illegible handwriting in patient records, and missing
records.[10] Data collected included demographic information,
age at diagnosis, sex, and clinical and audiometric information.
Audiometric information included time from meningitis diagnosis
to audiology referral, as well as type and degree of hearing loss.
Clinical information included lumbar puncture (LP) biochemistry
and microbiology results, and computed tomography (CT) brain
scan results.
The audiological test battery included otoacoustic emissions,
tympanometry and auditory brainstem responses (ABRs) where
indicated. Behavioural audiometry (pure tone testing) was used
where age-appropriate, to determine the degree and configuration
of the hearing loss. Hearing outcomes, including the degree of the
hearing loss in each ear, were determined. According to the American
Speech and Hearing Association, normal peripheral hearing was
defined as thresholds <15 decibels of hearing loss (dB HL).[11] Hearing
loss was present if thresholds were >15 dB HL across frequencies
(250 - 8 000 Hz).
Data were captured on a Microsoft Excel spreadsheet, 2010
version (Microsoft, USA). Descriptive statistical methods were
used to analyse patient information and to describe the clinical and
audiometric characteristics of the patients.

Results

Demographics

The total number of inpatients diagnosed with unspecified
meningitis at RCWMCH between January 2015 and June 2016
was 345. The total number of inpatients diagnosed with bacterial
meningitis was 68. A total of 16 children (23.5%) with suspected
or confirmed meningitis were referred to the Department of
Audiology at RCWMCH over the above 18-month period. Two
children were excluded, one with viral encephalitis and the other
with neurocysticercosis. Eight were male (57.1%) and 6 were female
(42.9%). The mean (standard deviation (SD)) age at diagnosis was
3.1 months (2.3; range 1 - 8).

Clinical findings

Twelve children had confirmed bacterial meningitis on LP. The
remaining 2 children commenced treatment based on clinical
presentation alone. The most common organism cultured was
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The mean (SD) time from diagnosis to audiology referral was 17
weeks (16.9; range 1 - 60). One child was referred almost 1 year after
having meningitis. The overall prevalence of hearing loss was 42.9%.
Table 2 depicts the audiological profile of participants following
meningitis.

Discussion

The objective of this study was to determine the hearing outcomes of
children with meningitis. Our results showed that nearly one-third of
children presented with severe to profound SNHL, a higher incidence
of post-meningitis hearing loss than reported in the international
literature.[12] The higher incidence could be attributed to the study
population being from a tertiary institution, which typically receives
a high proportion of critically ill children. Karanja et al.[13] also
reported a high prevalence of SNHL (43.4%) following meningitis at
a tertiary hospital. The higher prevalence of post-meningitis SNHL
in that study may be attributed to their relatively large sample size.
High incidences of meningitis have been reported in developing
countries, owing to poor access to healthcare and limited-resource
environments.[14]
A major finding in the current study was the delay in referral to
audiology following meningitis. The average time from meningitis
diagnosis to referral was 17 weeks, with one child being referred
nearly 1 year after having meningitis. Less than a quarter (23.5%) of
all children diagnosed with bacterial meningitis at RCWMCH over
the 18-month study period were referred to audiology. The current
literature suggests that ~40% of patients who have had bacterial
meningitis in SA are not referred for audiological assessment.[1]
Compared with developed countries, the referral rate in the current
study is substantially lower. In the UK, 7.7 - 27% of children are
not referred for audiological assessment following meningitis.[15]
Furthermore, with nearly one-third of the children in the current
study presenting with severe to profound hearing loss, the delay in
referral and subsequent diagnosis may have had a detrimental impact
on their eligibility for cochlear implantation.
Any child with bilateral severe to profound hearing loss and CT
findings of cochlear ossification should be counselled on an aural
rehabilitation approach, such as oral, aural or total communication.
However, prompt audiological testing and appropriate referrals to
an otolaryngologist and a cochlear implant team are crucial in early
detection of children with profound hearing loss, whose families
may choose to pursue cochlear implantation as the preferred aural
rehabilitation option.
Despite the small sample size in the current study, our results
highlight important factors that contribute to hearing outcomes
following meningitis in SA. The audiological test battery included
tympanometry without measuring acoustic reflexes, so potential
objective evidence of hearing loss could have been missed. However,
ABRs were done as an objective test where indicated. The participants
in the study were confined to inpatients, so data from the outpatient
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Table 1. Clinical presentation (N=14)
Patient no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

LP
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes
Yes
Yes
Yes

Chemistry
PMNS
PMNS
PMNS
PMNS
Lymphocytes
PMNS
PMNS
PMNS
PMNS
PMNS
PMNS
PMNS

MC&S
None*
None
None*
Group B Streptoccocus
S. pneumoniae
None
None
S. pneumoniae
None
None*
None*
Meningococcal
None*
None*

CT brain
No
Yes
No
Yes
No
Yes
Yes
Yes
No
No
No
Yes
No
No

Findings
Hydrocephalus, empyema
Cerebral oedema, venous infarcts
Brain abscess, hydrocephalus
Normal
Diffuse leptomeningeal enhancement
Cerebral oedema, hydrocephalus
-

LP = lumbar puncture; CT = computed tomography; MC&S = microscopy, culture and sensitivity; PMNS = polymorphonucleocytes.
*Bacterial meningitis was diagnosed by exclusion, even though it was not present on culture.

Table 2. Audiological profile of participants following meningitis (N=14)
Type of hearing loss
Sensorineural
Unilateral
Bilateral
Conductive
Normal

n (%)

Degree of hearing loss

2 (14.3)
2 (14.3)
2 (14.3)
8 (57.1)

Severe to profound (70 - 100 dB HL)
Severe to profound (70 - 100 dB HL)
Mild (16 - 40 dB HL)
1 - 15 dB HL

DB HL = decibels of hearing loss.

department were not included in the audit, which may have skewed
results. However, inclusion of outpatient referrals is a basis for future
research.

Conclusions

Post-meningitis hearing outcomes in children at RCWMCH are
similar to international findings. An important finding in the
current study was the substantial delay in referral to audiology.
Lack of awareness on the part of healthcare professionals regarding
the need for audiological referrals and the appropriate timing
thereof, and poor access to healthcare, could explain the high rate
of delayed diagnoses of hearing impairment following meningitis.
Recommended solutions in a resource-constrained environment
include education of healthcare professionals in order to increase
awareness of prompt audiological testing for children diagnosed
with meningitis, which will result in early diagnosis and suitable
management to improve hearing outcomes.
Update. Since the current study was conducted, the audiology
and ENT departments at RCWMCH have embarked on an extensive
awareness and education campaign, which resulted in an increased
number of appropriate and early referrals.
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