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A B S T R A C T

Background: Acute otitis media is a common illness in children under-five years of age and associated with major
health care resources in high-income countries. However, there is paucity of data on its epidemiology and
clinical presentation in low-income countries. We estimated the prevalence of otitis media and assessed risk
factors among children in Cameroon.
Methods: A community-based cross-sectional prevalence study of otitis media (OM) was performed on randomly
selected children aged 2–3 years in Yaoundé, Cameroon from March to June 2013. OM was assessed by clinical
inspection for chronic suppurative otitis media (CSOM) and tympanometry for otitis media with effusion (OME).
CSOM was defined as draining of the middle ear with duration of more than two weeks and OME was defined as
a flat ‘type B’ tympanogram.
Results: Out of 529 children enrolled in the study, 433 (56% males) subjects with available tympanograms were
evaluated. Altogether, 9.7% (42/433) of children met the case definition of CSOM, OME or its complications.
This consisted of 3 (0.7%) children identified with unilateral CSOM; 7 (1.6%) children with bilateral OME; 31
(7.2%) with unilateral OME and 1 (0.2%) subject with unilateral dry tympanic membrane perforation.

Logistic regression analyses showed statistically significant association between OM and parental reporting of
“current symptoms of upper respiratory tract infections”, Prevalence Odds Ratio (POR)= 3.71; 95%
CI=1.69–8.14).
Conclusion: As many as two out of a hundred children between the ages of 2–3 years were affected by significant
middle ear disease i.e. CSOM or bilateral OME. These data could be useful as a baseline for estimating the impact
of pneumococcal conjugate vaccines (PCV13) introduced in July 2011 for infants in Cameroon.

1. Introduction

Otitis media is reported as one of the most common respiratory
illnesses affecting children under five years old worldwide [1–3]. The
disease and its complications are diagnosed and treated more actively
in developed countries than in resource-poor settings like Cameroon
[3]. In most developing countries, acute otitis media goes usually un-
diagnosed and consequently, affected children are not timely identified
to be treated. Otitis media may also occur as chronic otitis media with
effusion or chronic suppurative otitis media, and it may remain

persistent in early childhood [4]. Prolonged hearing loss and delayed
development are potential long-term complications of otitis media.
These long-term complications in children may amount to considerable
socio-economic costs both to the children, parents and the public health
system [5], especially in most communities in Cameroon where 24% of
the population lived under the poverty line i.e.< $US2 daily [6].

Thus, access to care is not easy to everybody due to financial con-
straints. Although drugs are prescribed in the hospitals and available in
pharmacies, it is a very common practice to buy antimicrobials over-
the-counter at local markets. More so, the doctor-patient ratio is low
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and it was reported the country is experiencing a crisis in human health
resources with an estimated ratio of 1 clinician and 8 nurses/midwives
per 10000 people reported in 2010 [7]. However, there are many
health institutions (both public and private) in the country staffed with
nurses and general practitioners. A few specialists are available usually
in major cities.

Epidemiologic studies on the burden of otitis media in Cameroonian
children are lacking. However, the disease incidence is expected to be
high considering data from other low-resource settings [8–11].

The 13-valent pneumococcal conjugate vaccine (PCV13) was in-
troduced in Cameroon's Expanded Immunization Programme in July
2011. The primary aim of this study was to measure the prevalence of
OM occurring in PCV-unvaccinated children 2–3 years old, as a baseline
for estimating the PCV13 impact on OM disease burden and sequelae.

2. Methodology

2.1. Study description

PCV-unvaccinated children aged 2–3 years were enrolled from
March to June 2013 in a community-based cross-sectional study to
evaluate the prevalence of OM in children. Ethical approval was ob-
tained from the Cameroon National Ethics Committee and from the
Institutional Review Board of the Yaoundé Gynaeco-obstetrics and
Paediatric Hospital (YGOPH). Further, informed consent was obtained
from parents/caretakers in addition to permission from the local ad-
ministrative authorities.

2.2. Sites selection and inclusion criteria

The study sites were situated within 80 km radius from Yaoundé,
Cameroon's capital city. Yaoundé and the surroundings harbour a po-
pulation of over 3.5 million out of which 18% are children aged from 2
to 3 years, based on 2010 National Population Census. The sites were
chosen as they constitute a group of health institutions described as the
pneumococcal disease sentinel surveillance sites. These include the Cite
Verte Health District (urban) with the Mother & Child Reference
Hospital (MCH) and four other health districts. Sites were partitioned
into 40 blocks (clusters) using the health map with each cluster hosting
at least one health centre/clinic either, public or private. Children were
eligible if aged from 24 to 36 months, and residing in the area for at
least six months. Enrolment was restricted to those who had not re-
ceived any doses of pneumococcal conjugate vaccine, as was confirmed
from child's vaccination card or registers. The starting household within
the cluster was selected after spinning a pen, usually at a central lo-
cation in the community. Selection of participants was done randomly
after every 10th home within a cluster. One participant was selected per
home even if two or more were eligible (in such an event, selection was
with respect to birth order); and twenty-five children were enrolled per

“cluster”.

2.3. Study team and participants

Training of the study team members in the practical aspects of the
study (recruitment of subjects, questionnaires administration, clinical
examination and tympanometry) was done prior to the start of the
study by the principal investigator. Two mobile study clinic teams, each
with three trained study nurses and a study physician were established
to enrol children. Families were informed about the study by commu-
nity “social mobilisers” (in addition to radio announcements and fliers)
a week prior to visiting a specific area and within the actual planned
visit days. The study clinics were established at a central location (e.g.
chief's or local leader's compound or at a health centre).

2.4. Data collection

In order to enhance compliance of the children, inspection to detect
draining ears was done first, followed by tympanometry. Clinical and
visual examination involved a thorough inspection of the external ear
structure for signs of drainage or cerumen accumulation in the outer
third of the ear canal as recommended [12]. Pneumatic otoscopy was
performed, but since most subjects had considerable cerumen accu-
mulation and we lacked appropriate equipment to clean-up the wax in
the field conditions, the otoscopic data were sparse and not used for this
analysis. Tympanometry was performed using the Middle Ear Analyser
Grason Stadler tympanometer (GSI-38 Autotymp, Grason-Stadler Inc.,
Milford, NH, USA). Tympanograms were recorded with a 226 Hz probe
tone with a pressure varying from +200 daPa (daPa) to −400 daPa in
a time of 7 s. Tympanometry was not performed on draining ears.
Tympanometry was followed by parental questionnaire. It consisted of
questions on potential risk factors, i.e. demographic characteristics,
family socio-economic status, number of children under 18 years living
in household, the number of children sleeping in the same bedroom,
parental smoking status, source of household cooking, duration of
breastfeeding and antibiotic use. In addition, the parents were asked
about current symptoms of any respiratory tract infections.

2.5. Interpretation and classification of tympanograms

Tympanograms were independently interpreted by two researchers
in retrospect. In an event of discordance in the interpretation, a third
researcher interpreted for a final decision. The tympanograms (Table 1)
were classified based on a modified version of Liden/Jerger's classifi-
cation [13]. In this categorisation, flat, ‘type B’ tympanograms in-
dicated the presence of middle ear fluid (MEF). Tympanograms with
curve types A, As, C, or Cs suggested absence of MEF. High external ear
canal volume (ECV > 1.0 cm3) and with a ‘flat curve’ was interpreted
as perforation of the tympanic membrane (TMP) i.e. type P

Table 1
Classification criteria used for reporting tympanograms in this study [13].

Curve Type Criteria Clinical Presentation

A TPP≥−100 daPa, SAA≥ 0.2 cm3 Normal middle ear pressure (MEP), normal static admittance and no MEF
B Flat curve; ECV=0.3 to 1.0; no values for TPP Consistent with Middle ear pathology (MEF)
C TPP < −100 daPa, SAA≥ 0.2 cm3 Significant negative MEP, normal static admittance, no MEF
As TPP≥−100 daPa, SAA≤ 0.2 cm3 Reduced admittance, Normal MEP, no MEF
Cs TPP < −100 daPa, SAA≤ 0.2 cm3 Reduced admittance, decreased MEP, no MEF
F Erroneous peaks (no distinct curves) or ECV < 0.3 in the absence of a distinct

curve
Failed tympanogram, child unstable in process or probe in contact with ear canal
or ear wax

P No Peak (or flat curve); ECV>1.0 Tympanic Membrane perforated

SAA= Static acoustic admittance; TPP=Tympanometry peak pressure; daPa= deca-pascals; MEF=Middle ear fluid; ECV= Ear can volume. The difference
between A and As (and C & Cs) at SAA=0.2cm3 was dependent on the graphical display of the curve. When the curve exceeded the lower limit of the graphic normal
box, it was described as A (or C, depending on the TPP); A, As, C, Cs = Healthy ears; B=Diseased ear, F=Failed tympanogram; P=Perforation. Curves type B, P and
F all have undetermined acoustic reflexes but could not be distinguished from each other based on the measure of the ear canal volume.
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tympanogram. Curves with erroneous peaks due to artefacts or move-
ments of the child and curves with ECV below 0.3 cm3 without any
recording of a normal curve were interpreted as failed (type F tympa-
nogram).

2.6. Case definitions

In this study, ears observed by clinical inspection with draining and
parental reporting to have lasted more than two weeks were considered
as CSOM based on the World Health Organization's criteria [14]. We
defined OME as flat, ‘type B’ tympanogram and a dry TMP was dis-
tinguishable from a ‘type B’ flat curve when the ECV was above 1.0 cm3.
For each subject, one of the following mutually exclusive categories was
assigned: CSOM, dry perforation, bilateral OME, unilateral OME and
healthy ears.The first four categories were considered to have OM or its
complications.

2.7. Statistical analyses

Estimations were made to sample at least 250 participants from
each of the five health districts. In determining otitis media prevalence,
we first included subjects with CSOM (n1) in the analysis (Fig. 1). Of the
remaining subjects, those with no tympanometry data (n2) were ex-
cluded. Subjects with CSOM (n1) and subjects with available tympa-
nogram data (n3, n4, n5, and n6) were included in the analyses. Multi-
variable logistic regression analysis was performed to assess risk factors
for OM. The presence of OM was the primary outcome. In the multi-
variate analyses, inclusion of covariates (see Table 2) was restricted
using a statistically significance level of alpha< 0.05. Statistical ana-
lyses were conducted using the statistical software programme, SPSS
24.0 version.

3. Results

3.1. Enrolment and baseline characteristics of subjects

Of the 529 enrolled in the study, ninety six subjects with no tym-
panogram measurement were excluded and 433 (56% males) were
evaluated. The main reason for missing tympanometry data was elec-
trical power cuts. The baseline characteristics of the participants are
shown in Table 2. Forty percent of subjects were sleeping alone and the
remainder shared their bedrooms with at least one other sibling. Also,
majority of subjects were living in same household with at least one
sibling who was ≤18 years old. Day care amenities are uncommon in
this setting for this age group so all children were enrolled during home
visits.

3.2. Preliminary analysis

We noticed in otoscopy that many children had ear wax accumu-
lation, which could block the ear canal and therefore, give a flat ‘false
type B’ tympanogram curve. Thus, we first addressed this question by
examining the distributions of the ECV measurements by tympanogram
type. In total, there were seventy six flat tympanograms distributed
across all the ECV categories. However, we observed that many flat
tympanogram curves initially interpreted as ‘type B’ had low ECV va-
lues i.e. 0.3 cm3 and 0.4 cm3 in comparison to other tympanogram types
(Fig. 2) and, there was a statistically significant difference in the mean
ECV values of flat and ‘Other type’ tympanograms. We interpreted this
difference to be probably due to ear wax accumulation resulting in flat
tympanograms in many children. Based on the distribution of the ECV
values in ‘Other type’ tympanograms with discernible curves (A, As, C
and Cs), we noticed that 90% of these were in the ECV categories of
between 0.5 cm3 to 1.2 cm3, and 10% were distributed between 0.3 cm3

and 0.4 cm3 ECV categories. With respect to this, we therefore adjusted
the number of original ‘type B’ tympanograms with low ECV values of

0.3 cm3 and 0.4 cm3 (n=42, including 12 bilateral i.e. from 6 subjects)
to follow the same ECV distribution for the selected categories of
0.3 cm3 and 0.4 cm3. Thus, the estimated number of initial flat tym-
panograms with low ECVs dropped from 42 to 4 i.e. 38/42 flat tym-
panograms with low ECVs were considered false positive ‘type B’ i.e.
failed tympanograms, and only 4/42 were considered true positives.
Therefore, the final number of true ‘type B’ tympanograms fell from 76
to 38.

3.3. Point estimates for otitis media prevalence

Among the subjects included in the analysis, 42/433 (9.7%) were
diagnosed with at least one form of otitis media or its complications.
This consisted of 3 (0.7%) children identified with unilateral CSOM, 7
(1.6%) children with bilateral OME and 31 (7.2%) with unilateral OME
and 1 (0.2) subject with unilateral dry tympanic membrane perforation
(ECV>1.0 cm3). In the stratified logistic regression analyses, no sta-
tistically significant association was observed between OM and any of
the predictors evaluated (Table 2). However, there was a statistically
significant association observed between OM and parental reporting of
“notice of any current symptoms of upper respiratory tract infections”,
Prevalence Odds Ratio (POR)= 3.71; 95% CI=1.69–8.14; p=0.001.

4. Discussion

In the present study, we enrolled 2 to 3 year-old PCV-unvaccinated
children and, estimated the prevalence of otitis media and associated
risk factors in a low-resource setting. The results indicate a 9.7% overall
prevalence of otitis media or its complications in the study population.
Presence of current symptoms of upper respiratory tract infections was
statistically significantly associated with OM.

The 9.7% prevalence of OM (including 2.3% of significant middle
ear disease) obtained in our study is within the range of findings re-
ported in previous studies. OM prevalence ranging between 2.5% and
41% has been reported from studies in the USA, Turkey, Italy, Nigeria,
Kenya, India and Saudi Arabia using varying methodologies [1,15–18].
Earlier studies, which depended on hospital-data rather than commu-
nity–based data have either focused on OM prevalence and associated
risk factors in the first two-years of life or early infancy to the early
teens [19–21]. Although studies on otitis media in low-resource settings
are limited, age discrepancies may also limit comparisons with the
present results. The current study targeted children aged from 2 to 3
years; whereas, previous studies have covered children aged from 0 to
20 years [1,11,15–17,22]. As such, few studies like the present one
have focused on screening of otitis media in the general population.
Fifteen percent prevalence for otitis media was reported in one Nigerian
study on the epidemiology of otitis media in a community of children
aged 0–12 years old. In that study, those between the ages of 1–4 years
showed the highest prevalence (22.5%) of the disease [11]. Another
study in Nigeria reported a prevalence of 37.7% and 43.7% among day-
care and non-day-care attendees aged between 6 and 24 months, re-
spectively [23]. Moreover, Minja & Machemba carried out a study
among rural and urban school children aged from 5 to 20 years in Dar
es Salaam, Tanzania and reported a prevalence of 9.4% and 1.3%, re-
spectively [22]. Further, a Turkish study to determine the prevalence of
OME in primary school children reported 10% prevalence [24]. A si-
milar study conducted in the Qassim Region of Saudi Arabia reported
7.5% prevalence [25]. Additionally, an Australian study reported a 15%
prevalence of CSOM in 709 Aboriginal children aged 6–30 months in
remote communities [26]. Therefore, it appears that the OM prevalence
is high in resource-low settings, especially in early childhood.

The relationship between OM and the lone factor observed in this
study, i.e. current symptoms of upper respiratory tract infections (URTI)
was expected. Children with prevailing symptoms of URTI are known to
have a higher risk of developing otitis media than others [27,28]. In
addition, the clinical symptoms of acute otitis media are generally
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similar to those of URTI [29,30,33]. Although we did not find any risk
factor associated with OM in our study apart from the URTI, several
other factors have been reported in earlier studies [1,30,31]. No sta-
tistically significant association was observed between number of

siblings and OM in the present study. This was surprising because fa-
milies were largely extended with about 60% of the children having at
least 3 other siblings living in the same home. Thus, the result is not in
line with the finding that increase in the number of persons in homes or

Fig. 1. Flow chart of data collection process and results by ears. {CSOM= chronic suppurative otitis media; OME=otitis media with effusion; N=number; n1
–n6=number of subjects with specific outcomes. Subjects with available tympanogram data (n2, n3, n5& n6) and those with CSOM (n1) have been included in the
analysis}.
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groups facilitates the transmission of URTI and thus development of OM
[11,32]. Hence, we expected a positive association as Amusa et al. re-
ported in a Nigerian study [11]. In the current study we did not observe
any statistically significant association between exposure to passive
smoke and OM, but the number of parents who were smokers was
small. A strong correlation between household cooking fuel and OM has
been reported in previous studies [1,11,31]. Considering that most of
the households depended on wood/coal as cooking fuel, we observed
that children were generally more exposed to pollutant smoke from
firesides. Similarly, a study conducted in Egypt did not either find any
significant association between OM and passive smoke through parental
smoking [34]. Some investigators have reported an association between
seasonal changes and OM disease prevalence [35], but our study was
not designed to measure variations in prevalence in different seasons.

With challenges of data paucity on otitis media in developing
countries, this is to our knowledge the first community-based study of
otitis media in Cameroon. Moreover, the methodology we have used is
not biased by diseases leading to health care attendance or health-care
seeking habits. Thus, the findings could be useful as a baseline for
evaluating the effectiveness of the pneumococcal conjugate vaccines
introduced in 2011 against otitis media disease and sequalae.

Otitis media can be diagnosed using different methods. Although
pneumatic otoscopy is the standard tool [36], interpretation of tym-
panic membrane findings is dependent on a straight visual access, prone
to errors and subject to inter-observer variation [37]. Tympanometry,
an application of impedance audiometry is a more objective measure-
ment suitable for the diagnosis of middle ear effusion, assessment of
tympanic membrane perforations and for the estimation of middle ear
pressure [13,38].

In interpreting this result, caution is needed since 96 of the 529
children did not have tympanograms available because of power cuts,
and the outcomes for these children remained unknown. Further, the
possibility of selection bias should also be carefully considered since
447 of the 976 children contacted could not be enrolled in the study as
most of their parents declined [39] (Fig. 1). Additionally, data on
otoscopy would have provided more detailed information e.g. of the
presence of acute otitis media were not available. This was because we
lacked sufficient equipment at field conditions to clean occluded ears.

Tympanometry needs an airtight seal between the probe and the
external auditory canal which may pose problems in uncooperative
children [13]. Hence, this may result in misclassification as another
potential source of bias in this study, i.e. the challenges of distin-
guishing ‘type B’ tympanograms from ‘type F’ or ‘type P’ tympanograms
as they all generate graphically ‘flat curves’. The observed differences in
the ECV values suggest that we initially misinterpreted many occluded
ears as ‘type B’. We corrected this by adjusting the majority of these to
‘type F’ curves based on the ECV distribution in normal tympanograms.
Despite of the challenges, our findings provide accurate estimates ob-
tained by tympanometry as it is objective and reliable to detect middle
ear effusion in this age group [13,26,37].

The results of OM prevalence from our study population concords
with those previously reported elsewhere. The presence of current
symptoms of URTI was strongly associated with OM in this population.
Lack of adequate materials at field conditions for ear wax removal was
one of the main obstacles encountered in the study. However, with
limited data on OM in Cameroon and most of Sub-Saharan Africa, our
results add to the knowledge on OM from remote settings and could
serve as a useful baseline for future vaccine impact studies in
Cameroon.
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Table 2
Baseline characteristics and their association with Otitis Media (OM) in 2–3
years old children in Cameroon, N = 429.

Characteristics N (%) Prevalence of
OM (%)

Multivariable logistic regression
(Modelling for OM)

POR 95% CI p-value

Gender of child
Male 240 (55.9) 21/240 (8.8) 1.0
Female 189 (44.1) 17/189 (9.0) 1.03 0.53–2.01 0.929

Age (group) of child in months
24 to 29 154 (35.9) 12/154 (7.8) 1.0
30 to 35 109 (25.4) 9/109 (8.3) 1.07 0.43–2.62 0.891
36 166 (38.7) 17/166

(10.2)
1.35 0.55–2.53 0.447

No. of siblings sleeping in same bedroom ≤18years
Alone 170 (39.6) 14/170 (8.2) 1.0
One 141 (32.9) 11/141 (7.8) 0.94 0.41–2.15 0.889
Two 84 (19.6) 9/84 (9.6) 1.34 0.55–3.23 0.518
≥ Three 34 (07.9) 4/34 (10.7) 1.49 0.46–4.83 0.510

No. of siblings living in same home ≤18years
One 76 (17.7) 10/76 (13.2) 1.0
Two 98 (22.8) 9/98 (9.2) 0.67 0.25–1.74 0.407
≥ Three 255 (59.4) 19/255 (7.5) 0.53 0.24–1.20 0.127

History of previous otitis media
No 344 (80.2) 27/344 (7.8) 1.0
Yes 85 (19.8) 11/85 (12.9) 1.75 0.83–3.68 0.143

Breastfeeding period
≤ 6months or
not breastfed

37 (8.6) 2/37(5.4) 1.0

≤12 months 182 (42.4) 15/182 (8.2) 1.57 0.34–7.19 0.560
>12 months 210 (49.2) 21/210 (10) 1.94 0.44–8.67 0.383

Antibiotic use when child is sick
No 147 (34.3) 10/149 (8.1) 1.0
Yes: with/
without
medical report

282 (65.7) 28/280 (9.2) 1.51 0.71–3.20 0.282

Noticed any current URT symptoms
No 342 (79.7) 26/342 (7.6) 1.0
Yes 47 (11.0) 13/47 (23) 3.71 1.69–8.14 0.001
Unknown 40 (9.3) 1/40 (2.5) 0.31 0.41–2.36 0.259

Parental educational level (SES1)
≤ Primary
school

146 (34.0) 12/146 (8.2) 1.0

≥ Secondary
school

212 (49.4) 23/212
(10.8)

1.36 0.65–2.83 0.412

≥University
Education

71 (16.6) 3/71 (4.2) 0.49 0.13–1.80 0.285

Parental occupational/income level (SES2)
No Education 210 (49.0) 15/210 (7.1) 1.0
No Education,
some income

92 (21.4) 7/92 (7.6) 1.07 0.42–2.72 0.886

Some Education 11 (2.6) 1/11 (9.1) 1.30 0.16–10.85 0.808
Higher
Education

57(13.3) 5/57 (8.8) 1.25 0.43–3.60 0.679

Student and
others

59 (13.8) 10/59 (16.9) 2.65 1.12–6.27 0.026

Parental smoking status
Non-smokers 370 (86.2) 32/370 (8.6) 1.0
Smokers 59 (13.8) 6/59 (10.2) 0.95 0.48–2.99 0.703

Using wood/cool as household cooking fuel
No 127 (29.6) 9/127 (7.1) 1.0
Yes 302 (70.4) 29/302 (9.6) 1.39 0.64–3.03 0.404

POR = Prevalence Odds Ratio; 95%CI = Ninety-five percent confidence in-
terval; N = Number; %=percentage; OME = Otitis Media with Effusion;
URT=upper respiratory tract.
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