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a b s t r a c t 

Objectives: There is data scarcity on the overall effects of pneumococcal conjugate vaccines (PCVs) on otitis 

media (OM) in low- and middle-income countries. The impact of the 13-valent PCV (PCV13) program on OM was 

evaluated in Cameroon where infant vaccination was implemented in July 2011 using a 3-dose primary series at 

6, 10 and 14 weeks of age. 

Methods: Through community-based surveillance, we used a retrospective cohort study design to assess OM 

prevalence among PCV13-vaccinated children aged 24 to 36 months in 2015. This was compared with a 2013 age- 

matched cohort of PCV13-unvaccinated children. OM was diagnosed by clinical inspection for chronic suppurative 

OM (CSOM) and tympanometry for OM with effusion (OME). CSOM was defined as draining of the middle ear 

with duration of more than 2 weeks and prolonged OME was defined as a flat ‘type B’ tympanogram. PCV13- 

vaccinated and PCV13-unvaccinated cohorts were compared by calculating prevalence odds ratios for OM and 

baseline characteristics. 

Results: Altogether, 111 OM cases were identified; 42/433 (9.7%) in the PCV13-unvaccinated in 2013 and 69/413 

(16.7%) in the PCV13-vaccinated cohort in 2015. In the 2013 baseline survey, 3/433 (0.7%) children were identi- 

fied with unilateral CSOM compared to 9/413 (2.2%) in the PCV13-vaccinated cohort in 2015. Bilateral prolonged 

OME was diagnosed in 7/433 (1.6%) PCV13-unvaccinated children and in 12/413 (2.9%) in PCV13-vaccinated 

children. Proportions of children with unilateral prolonged OME were 31/433 (7.2%) in the PCV13-unvaccinated 

group compared with 48/413 (11.6%) in the PCV13-vaccinated group. Multivariate logistic regression analysis 

showed evidence that PCV13-vaccinated children in 2015 had 40% less risk of contracting OM compared to 

PCV13-unvaccinated children in 2013 (adjusted prevalence odds ratios = 0.60 [95% confidence interval: 0.38 to 

0.94], P = 0.025). Additionally, attributable proportion estimates show that, 58% of OM infections among the 

PCV13-vaccinated group would still have occurred despite PCV13 vaccination. 

Conclusion: Our findings provide significant evidence on the effect of PCV13 in decreasing OM or OME among 

children in this age group. It also supports justification for government’s continuation of PCV13 immunization 

program in the absence of GAVI’s funding. Further research is needed to assess the long-term impact of the PCV13 

program on in OM Cameroon. 
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Middle ear infections are a predominant cause for healthcare visits in

he early years of life [1] . Otitis media (OM) is a very common middle

ar infection in children globally, contributing to excessive antibiotic

onsumption in most countries and to a substantial burden of deafness

nd suppurative complications in developing countries [2] . Peak inci-

ence period of the disease is reported to occur between the ages of 6

nd 11 months based on data mostly from high-income nations. More-

ver, an estimated 70% of children aged under 5 years worldwide do

ncounter at least one episode of OM before their fifth birthdays [3] .

he most frequent bacterial pathogen associated with OM is Strepto-

occus pneumoniae , followed by non-typeable Haemophilus influenza and

oraxella catarrhalis [4] . These three pathogens are reported to account

or more than 95% of all OM cases with a bacterial etiology, although

iral infections may play a role in the pathophysiology [4] . The type

f OM disease witnessed in developed countries differs widely to what

ertains in developing countries [2] . The major differences seem to be

he frequency of complications and sequelae such as hearing loss due to

hronic suppurative OM (CSOM) or OM with effusion (OME) reported

n developing countries, rather than the incidence of acute OM (AOM)

requently reported in developed countries [2] . 

The frequent occurrence of OM in children under 5 years of age and

he associated direct and indirect cost is a heavy toll to both parents and

he healthcare providers [5] . Even when parents do not seek medical

are for a child, they may still need to be absent from work to care for

hem [1] . In some countries, costs related to parental loss of productivity

ave been reported to represent a 50% average relative to the total costs

f OM, depending on country, age, and number of previous episodes [5] .

s such, the use of currently available and future vaccine formulations to

revent OM is considered the most promising approach to affect disease

urden and complications, both in developed and developing countries

2] . 

Prior to the availability of the 13-valent pneumococcal conjugate

accine (PCV13) in 2010, studies using previous PCV formulations

PCV7 or the investigational prototype PCV11) involving over 54000

hildren under 5 years old in randomized control trials conducted in

he USA and Europe demonstrated modest to insignificant protection

gainst AOM [6] . In 2001, a 6% vaccine efficacy was reported in the

innish OM (FinOM) trial using the PCV7 with endpoint of reducing

he number of vaccine-type AOM episodes [7] . Another efficacy trial

sing PCV7 in Northern California, USA (with the endpoints of pre-

enting invasive pneumococcal disease [IPD] and clinical episodes of

OM) had a 7.8% efficacy against AOM [8] . Both the Finnish and Cal-

fornia studies demonstrated the PCV’s potential role in reducing the

acterial causes of OM in immunized subjects, although the vaccine im-

act has been suggested to be overshadowed by an overall increase in

on-PCV7 serotypes [ 7 , 8 ]. These findings were corroborated by reports

rom three other randomized control trials (PCV7-OMPC, Native Ameri-

an and POET), which also estimated endpoints of AOM incidences [6] .

owever, AOM is described as a transient state of ear disease and its as-

essment is suggested not to sufficiently represent the actual OM burden

n a developing country-perspective: defined by assessing OM sequelae

ncluding OME, recurrent, non-responsive, and chronic OM [6] . 

Further, a prospective-based active surveillance study in Israel re-

orted dramatic reductions in endpoints of rates of pneumococcal and

verall OM in children < 2 years old, resulting in near-elimination of

CV13 serotypes following sequential introduction of PCV7 and PCV13

9] . Another observational study in the United Kingdom including an

ndpoint of overall OM incidence reported first a 22% significant reduc-

ion in OM in children aged < 10 years using the PCV7 and an additional

9% reduction after PCV13 introduction [10] . 

In Sub-Saharan Africa, where most of the OM disease burden and

equelae are reported [2] , PCV effectiveness or impact studies of any

M endpoints are yet to be documented; as most studies have focused

n the impact of the vaccines on pneumonia, carriage and IPD [11] .
241
CV’s impact on nasopharyngeal colonization plays an important role

gainst bacteria causing IPD and mucosal infections such as OM [12] . 

In July 2011, Cameroon introduced the PCV13 which is adminis-

ered following the Expanded Program on Immunization (EPI) 3-dose

chedule to infants at 6, 10 and 14 weeks of age. Two studies on chil-

ren aged from 2 to 3 years in Cameroon from the same population

onducted in 2013 and 2015 respectively, on nasopharyngeal carriage

revalence demonstrated a slight increase in non-PCV13 type carriage

nd a remarkable increase in Moraxella catarrhalis and Haemophilus in-

uenzae [13] . Additionally, the overall proportion of PCV13-serotypes in

arriage was 18.0% for the PCV13-vaccinated group in 2015 and 21.2%

or the PCV13-unvaccinated group in 2013 [13] . Also, earlier we con-

ucted a study on baseline prevalence of OM in 2013 sampling 24 to

6 months old PCV13-unvaccinated children in which an OM disease

revalence of 9.7% was reported [14] . In this study, we investigated

he impact of the PCV13 on OM as case-defined (CSOM and prolonged

ME), by comparing the prevalence of OM in PCV13-vaccinated to that

f PCV13-unvaccinated children. 

ethods 

tudy design 

We used a retrospective cohort design in which two rounds of

ommunity-based surveillance surveys were conducted. First in the year

013 to assess the prevalence of OM in PCV13-unvaccinated subjects

nd 2 years later, in 2015 PCV13-vaccinated subjects were sampled, us-

ng the same sampling methods [14] . 

tudy population and study areas 

We targeted children born between June 2010 and June 2011

baseline data) and between June 2012 and June 2013 (compari-

on data). Cameroon had an annual birth cohort of approximately

56,000 according to the 2016 report of The Vaccine Alliance – GAVI

 www.gavi.org/country/cameroon ). Selection of subjects was done sys-

ematically following the World Health Organization (WHO) cluster

ampling method and guided by the inclusion and exclusion criteria.

he study areas have been earlier described [14] . Briefly, they included

ocalities situated within an 80 km radius from Yaoundé, Cameroon’s

apital city. Yaoundé and its surroundings harbored a population of over

.5 million, out of which 18% were children aged under 5 years, based

n 2010 National Population Census. 

The study areas were chosen as they host a group of health institu-

ions involved with invasive disease sentinel surveillance. Study areas

ad been partitioned into 40 communities (clusters) using the health

ap and with each cluster hosting at least one health center/clinic, ei-

her public or private [14] . The starting household within the cluster

as selected after spinning a pen, usually at a central location in the

ommunity. As previously reported during the 2013 baseline study, se-

ection of participating household was done systematically after every

0th household within a cluster and the first household was selected

ollowing the direction of pointer of a flipped pen at a central location

ithin a cluster. An eligible participant was selected per household, and

n an event where there was more than a single eligible participant in

ne household, selection was done according to birth order. Addition-

lly, in an event where there was no eligible participant in a supposed

ligible household, the next household was automatically considered. In

otal, the target was to enroll at least 25 children per “cluster ” [14] . 

Using the sample size calculator ( http://www.raosoft.com/

amplesize.html ), we estimated to sample at least 277 participants

uring each study period using the following assumptions: (i) that the

stimated prevalence of OM in the unvaccinated population was 15%

ased on data from neighboring Nigeria [15] ; (ii) impact of the PCV13

stimated to bring at least a 50% reduction, i.e., a 7.5% OM prevalence

n the vaccinated group (second round); (iii) Alpha (Significance

http://www.gavi.org/country/cameroon
http://www.raosoft.com/samplesize.html
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evel) = 5%; and (iv) Power (i.e., percentage chance of detecting

ny difference in OM prevalence between the PCV13-vaccinated and

CV13-unvaccinated groups) = 80%. Allowing some non-evaluable

ubjects with missing data (10%), a minimum of 600 children aged 24

o 36 months were targeted to constitute our sample size for the entire

tudy. 

nclusion and exclusion criteria 

Those included in the study were children aged from 24 to 36

onths, residing in the study area for at least 6 months, availability

f parental signed consent and subjects who were PCV-unvaccinated

for the baseline group in 2013). In 2013, enrolment was restricted to

hose who had not received any doses of the PCV as was confirmed from

hild’s vaccination card or registers. Children had to have at least two

ocumented doses of PCV13 in order to be eligible for inclusion in the

omparison group in 2015. 

ata collection 

The data collection process during the baseline study had earlier

een reported [14] and in the 2015 study the procedure was similar.

riefly, inspection to detect draining ears in subjects was done first,

ollowed by tympanometry. Clinical and visual examination involved a

horough inspection of the external ear structure for signs of drainage

r cerumen accumulation in the outer third of the ear canal as previ-

usly recommended [14] . Using a Welch Allyn with Siegel’s speculum,

neumatic otoscopy was done and many of the subjects had cerumen

tacked in the middle ear, but we lacked sufficient material to clean

arwax at field conditions during the baseline study [14] . Tympanom-

try was performed using the middle ear analyzer Grason Stadler tym-

anometer (GSI-38 Autotymp, Grason-Stadler Inc., Milford, NH, USA).

ympanograms were recorded with a 226 Hz probe tone with a pres-

ure varying from + 200 deca Pascals (daPa) to − 400 daPa in a time of 7

econds. We did not perform tympanometry on draining ears. As earlier

eported, study-specific case report forms were used for parental inter-

iews to obtain socio-demographic and clinical history of study subjects

14] . 

titis media case definitions 

In this study and using the same criteria as previously defined in

he 2013 baseline cohort [14] , ears observed by clinical inspection with

raining and from parental reporting to have lasted more than 2 weeks

ere considered as CSOM based on the WHO’s criteria [16] . We defined

rolonged OME as ‘type B’ tympanogram with no peak as observed in

ympanometry. Dry tympanic membrane perforation was denoted when

he ear canal volume (ECV) was > 1.0 cm3 , in an event of a flat curve.

or each subject, one of the following mutually exclusive categories was

ssigned: CSOM, dry perforation, bilateral prolonged OME, unilateral

rolonged OME and healthy ears. We considered subjects with the first

our categories to have OM or its complications [14] . 

nterpretation and classification of tympanograms 

The tympanograms were independently interpreted by two re-

earchers in retrospect, as was previously reported [14] . In an event

f discordance in the interpretation, a third researcher interpreted for a

nal decision. The tympanograms (Supplementary Table 1) were cate-

orized following a modified version of Liden & Jerger’s classification,

s we earlier reported [14] , in which flat ‘type B’ tympanograms indi-

ated the presence of middle ear fluid. Tympanograms with curve types

, As, C, or Cs suggested absence of middle ear fluid. High external

ar canal volume (ECV > 1.0 cm3 ) with a ‘flat curve’ was interpreted

s perforation of the tympanic membrane i.e., “type P ” tympanogram.

urves with erroneous peaks due to artefacts or movements of the child
242
nd curves with ECV below 0.3 cm3 without any recording of a normal

urve were interpreted as failed or ‘type F’ tympanogram [14] . 

ethodological approach 

As previously reported [14] , many children had occluded ear canals

ue to earwax accumulation and therefore, produced a false flat type

 tympanogram curve with low ear canal volume (ECV). We resolved

his by examining the distributions of the ECV measurements by tym-

anogram type, and observed that higher proportion of the initial ‘type

’ tympanograms had low ECV values i.e., 0.3 cm3 and 0.4 cm3 in

omparison to other tympanogram types. We interpreted this differ-

nce to be probably due to earwax accumulation resulting in flat tym-

anograms. Based on the distribution of the ECV values in ‘other type’

ympanograms with discernible curves (A, As, C and Cs), it was evident

hat 90% of these were in the ECV categories of between 0.5 cm3 to 1.2

m3 , and 10% were distributed between the ECV categories < 0.5 cm3 .

herefore, we adjusted the number of original ‘type B’ tympanograms

ith ECV values below 0.5 cm3 to follow the same ECV distribution

or the aforementioned categories [14] . It was in this respect that the

djustment was done i.e., of all flat curves, only 10% with lower ECV

alues were true positive “type B ”. The same approach was used for the

013 (PCV13-unvaccinated) group [14] . 

tatistical analyses 

The prevalence of OM in PCV13-vaccinated children in 2015 who

ad received at least two doses of PCV13 was compared with that

f children with no PCV13 vaccination in 2013. Additionally, we ex-

lored associations between OM prevalence and potential risk factors.

he chi-square test was used to compare differences between OM preva-

ence and baseline characteristics of PCV13-vaccinated and PCV13-

nvaccinated groups ( Table 1 ). In the multivariate logistic regression

nalyses ( Table 2 ), variables with P -values ≤ 0.05 were entered to ob-

ain the adjusted prevalence odds ratios (PORs). More so, two sensi-

ivity analyses were performed; (a) to find out if there were possible

ifferences in OM prevalence between subjects who had received 2 and

 PCV13 doses, and (b) to determine if there were differences in the

trength of association between OM prevalence and potential risk factors

.e., in the multivariate regression analysis where subjects with ECV val-

es < 0.5 cm3 and having “type B ” tympanograms initially adjusted for

ere excluded (Supplementary Table 2). We computed PORs and preva-

ence difference (PD) with their 95% CI at a statistical significance level

f 5%. PD was estimated by subtracting the prevalence in the PCV13-

nvaccinated group from that in the PCV13-vaccinated group. More-

ver, to extrapolate the burden of OM to the general population and ac-

ount for the possibility of year-to-year variability in disease, weighted

verages were estimated by PCV13 vaccination coverage in years 2013,

014 and 2015. To obtain the weighted average, we used the WHO’s and

nited Nations Children’s Fund (UNICEF) estimates of national immu-

ization coverage (WUENIC) where PCV13 uptake for year 2013, 2014

nd 2015 were 88%, 83% and 77%, respectively [17] . Firstly, we consid-

red the OM prevalence amongst the PCV13-vaccinated cohort (16.7%)

s the weighted data point or base weight (0.167). Secondly, the base

eight was then multiplied by each of the WUENIC PCV13 uptake val-

es for 2013, 2014 and 2015, to get individual weighted scores. Finally,

he weighted scores of each of the 3 years were then summed up and

ivided by 3 to get the weighted average. Further, we considered the at-

ributable proportion (AP) otherwise described as the attributable risk

ercent which is used to quantify the public health impact of causative

actor or an exposure (in this context PCV13) to an outcome (in this

ase, OM) in a specific population overtime. In imputing the AP, two

ssumptions were considered: (a) that the occurrence of OM in the un-

xposed group represents the baseline or expected risk of the disease;

b) if the risk of disease in the exposed group is higher than risk of dis-

ase in the unexposed group, then difference can be attributed to the
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Table 1 

Baseline characteristics and clinical outcome in PCV13-vaccinated (N = 413) and PCV13-unvaccinated (N = 433) 

2 to 3 years old children screened for otitis media in Yaoundé, Cameroon. 

Characteristics/ Clinical outcome PCV13-vaccinated PCV13-unvaccinated P -value a 

N % N % 

Gender of child 0.207 

Male 212 51.3 241 55.7 

Female 201 48.7 192 44.3 

Age (group) of child in months < 0.001 

24 to 29 154 37.3 157 36.3 

30 to 35 44 10.7 110 25.4 

36 215 52.0 166 38.3 

No. of siblings living in same home ≤ 18 years 0.016 

One 45 10.9 77 17.8 

Two 99 24.0 100 23.1 

≥ Three 269 65.1 256 59.1 

No. of siblings sleeping in same bedroom ≤ 18 years < 0.001 

Alone 37 9.1 172 39.7 

One 65 15.7 143 33.0 

Two 140 33.9 84 19.4 

≥ Three 171 41.3 34 7.9 

Otitis media status 0.003 

Healthy 344 83.3 391 90.3 

Otitis positive 69 16.7 42 9.7 

History of previous otitis media 0.021 

No 392 90.6 392 90.5 

Yes 21 9.4 41 9.5 

Breastfeeding period 0.012 

≤ 6 months or not breastfed 21 5.2 38 8.9 

≤ 12 months 145 36.1 179 41.7 

> 12 months 236 58.7 212 49.4 

Antibiotic use when child is sick 0.001 

No 185 46.0 149 34.7 

Yes: with /without medical report 217 54.0 280 65.3 

Noticed any current URTI < 0.001 

No 365 90.8 341 79.5 

Yes 32 8.0 48 11.2 

Unknown 05 1.2 40 9.3 

Parental educational level 0.001 

≤ Primary school 183 45.5 147 34.3 

≥ Secondary school 179 44.5 211 49.2 

≥ University education 40 10.0 71 16.6 

Parental smoking status 0.588 

Non-smokers 374 86.4 358 86.7 

Smokers 59 13.6 55 13.3 

Using wood/cool as household cooking fuel < 0.001 

No 98 24.7 128 29.6 

Yes 311 75.3 305 70.4 

N = number; PCV13 = 13-valent pneumococcal conjugate vaccines; % = percent; URTI = Upper respiratory tract 

infection. 
a In bold denotes P -values less than 0.05. 
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xposure (PCV13). AP = (risk in the exposed group – risk in the unex-

osed group) divided by risk in the exposed group multiplied by 100%.

tatistical analyses were performed using the International Business Ma-

hines (IBM) corporation’s Statistical Package for Social Sciences (SPSS)

ersion 25.0. 

esults 

tudy population 

A total of 846 children aged from 24 to 36 months were included

n the analysis, consisting of 433 children in 2013 baseline (PCV13-

nvaccinated) and 413 children in 2015 (PCV13-vaccinated) groups.

part from those who refused to participate, the remainder were ex-

luded either for not having a tympanogram or outside the age range of

4 to 36 months or due to lack of signed parental consent ( Figure 1 ). All

hildren in PCV13-vaccinated group had received at least two doses of

he vaccine and WUENIC vaccine coverage was 77% in the year 2015

or fully vaccinated children i.e., three complete PCV13 doses received
243
17] . However, sensitivity analysis showed no statistically significant

ifference in OM prevalence between subjects who had received either

wo or three PCV13 primary doses, as previously reported [18] . There

ere 111 cases of OM in total ( Figure 1 ). 

oint estimates for otitis media prevalence in both PCV13-unvaccinated and

CV13-vaccinated groups 

A diagnosis for OM or its complications (excluding AOM) was ob-

ained for 42/433 (9.7%) of PCV13-unvaccinated children compared

ith 69/413 (16.7%) in PCV13-vaccinated children (PD = 7% [95% CI:

.5 to 11.6], P = 0.003). This included 3/433 (0.7%) children identified

ith unilateral CSOM in the baseline survey in 2013, compared with

/413 (2.2%) in subjects with CSOM in the PCV13-vaccinated group in

015 (PD 1.5% [95% CI: − 0.2 to 3.5], P = 0.067). Bilateral prolonged

ME was diagnosed in 7/433 (1.6%) PCV13-unvaccinated children and

2/413 (2.9%) of PCV13-vaccinated children (PD = 1.3% [95% CI: − 0.8

o 3.6%], P = 0.2013). Proportions of children with unilateral prolonged

ME were 31/433 (7.2%) amongst the PCV13-unvaccinated group
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Table 2 

Factors associated with OM in PCV13-vaccinated (N = 413) and PCV13-unvaccinated (N = 433) in children aged 2 to 3 years in Yaoundé, Cameroon. 

Characteristics/Clinical outcome OM prevalence N (%) Univariate analyses Multivariate analyses a 

POR 95% CI P -value Adjusted POR 95% CI P -value 

Vaccine cohort 

PCV13-Unvaccinated (2013) 42/433 (9.7) 1.0 1.0 

PCV13-Vaccinated (2015) 69/413 (16.7) 1.87 1.239-2.814 0.003 0.60 0.382-0.936 0.025 

Age (group) of child in months 

24 to 29 43/311 (13.8) 1.0 

30 to 36 68/535 (12.7) 0.91 0.602-1.368 0.643 

No. of persons living in same household ≤ 18 years 

One 18/122 (14.8) 1.0 

Two 30/199 (15.1) 1.27 0.721-2.234 0.409 

≥ Three 63/525 (12.0) 1.30 0.814-2.081 0.271 

No. of siblings sleeping in same bedroom 

One 26/208 (12.5) 1.0 

Two 35/224 (15.6) 1.21 0.696-2.102 0.500 

≥ Three 52/414 (12.6) 1.01 0.608-1.663 0.983 

Previous otitis media history 

No 98/759 (12.9) 1.0 

Yes 13/87 (14.9) 1.19 0.633-2.217 0.596 

Breastfeeding period 

≤ 6 months or not breastfed 8/59 (13.6) 1.0 

≤ 12 months 43/331 (13.0) 0.95 0.423-2.146 0.905 

> 12 months 60/456 (13.2) 0.97 0.437-2.135 0.932 

Antibiotic use when child is sick 

No 14/173 (8.1) 1.0 1.0 

Yes: with / without medical report 97/693 (14.0) 0.52 0.291-0.941 0.030 0.67 0.354-1.253 0.207 

Noticed any current symptoms of URTI 

No 88/718 (12.3) 1.0 1.0 

Yes 22/82 (26.8) 2.63 1.534-4.491 0.001 5.10 0.683-37.972 0.067 

Unknown 1/45 (2.2) 0.16 0.022-1.196 0.074 14.16 1.825-109.82 0.011 

Parental educational level 

≤ Primary education 45/333 (13.5) 1.0 

≥ Secondary education 56/402 (13.9) 1.53 0.767-3.248 0.215 

≥ Tertiary education 10/111 (9.0) 1.64 0.805-3.320 0.174 

CI = confidence interval; N = number; OM = otitis media; POR = prevalence odds ratio; PCV13 = 13-valent pneumococcal conjugate vaccine; URTI = upper 

respiratory tract infection; % = percentage. 
a OR was adjusted for symptoms of URTI and antibiotic usage. 
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ompared with 48/413 (11.6%) in the PCV13-vaccinated group

PD = 4.4% [95% CI: 0.5 to 8.4], P = 0.028). There was no significant

ifference in the proportions of subjects with unilateral dry tympanic

embrane perforation (ECV > 1.0 cm3 ) between the two groups, 0.2%

nd 0%, respectively (PD = 0.2% [95% CI: − 0.7 to 1.2], P = 0.365). 

ultivariate analyses and attributable proportion estimates 

The crude estimates from logistic regression analyses showed that

CV13-vaccinated children were significantly associated with more OM

POR = 1.87 [95% CI: 1.24 to 2.81], P = 0.003) compared to PCV13-

nvaccinated children. However, in the multivariate analyses adjusting

or significant baseline risk factors in Table 2 , we found a statistically

ignificant evidence that PCV13-vaccinated children in 2015 had 40%

ess risk of contracting OM compared to PCV13-unvaccinated children

n 2013 (adjusted POR = 0.60 [95%CI: 0.38 to 0.94], p = 0.025). Also,

 statistically significant association was observed between reportedly

unknown symptoms of upper respiratory tract infections ” and OM (ad-

usted POR = 14.16 [95% CI: 1.83 to 109.842], P = 0.011). Addition-

lly, in the sensitivity analysis non-significant results were found for

M prevalence between the PCV13-vaccinated and unvaccinated groups

s well as for the other risk factors assessed (Supplementary Table 2).

esides, the estimated OM prevalence weighted average by vaccina-

ion coverage to account for possible seasonal variations across years

013, 2014 and 2015 was 14.8%, a value closed to the 16.7% reported

or among the PCV13-vaccinated cohort in 2015. Further, a 42% at-

ributable proportion estimate was obtained i.e., 42% of OM infection

mong the PCV13-vaccinated group might be attributable to PCV13 vac-
244
ination. The remainder (58%) of OM infections in the vaccinated group

ould have still occurred even without the vaccine. 

iscussion 

Our surveillance found a statistically significant evidence that

CV13-vaccinated children in 2015 had a forty percent less risk of con-

racting OM compared to PCV13-unvaccinated children in 2013, despite

he significantly higher prevalence of OM in the 2015 cohort. Our find-

ngs corroborate results from a recent systematic review study which

ound a considerable effect of the PCVs in reducing OM in children un-

er 5 years old in several countries [19] . This supports the broader pub-

ic health value of implementing PCVs in national immunization pro-

rams, and the continuation of public financing, when GAVI’s funding

nds [20] . 

However, differences in baseline epidemiology and disease inci-

ence, study design, case definitions, case ascertainment, and local or

egional practices make it difficult to compare the results of clinical tri-

ls/observational studies of PCV efficacy/effectiveness or impact anal-

ses [ 6 , 7 , 21–23 ]. Previous studies have primarily evaluated vaccine ef-

ectiveness on the endpoint of AOM incidence, whereas we assessed

CV13 impact on the prevalence of CSOM, prolonged OME and dry

erforation. As a result, such discrepancies may limit our ability to ex-

ensively compare our findings to previous research from other global

egions. Nonetheless, our findings share some similarities with those

rom an Australian community-based cross-sectional study of indige-

ous population of children under the age of 36 months [22] . In that

tudy, the researchers used a similar categorization of middle ear sta-

uses as we did (including healthy ears, OM without perforation, OM
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Figure 1. Study profile of subjects on the assessment of PCV13 effect on otitis media. 

( CSOM = chronic suppurative otitis media; OME = Otitis media with effusion; n = number of subjects with specific outcomes; PCV13 = 13-valent pneumococcal conjugate 

vaccine ). 
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ith perforation, dry perforation and CSOM). Subjects vaccinated with

he 10-valent pneumococcal Haemophilus influenzae Protein-D conjugate

accine (PHiD-CV10) had less CSOM than those vaccinated with PCV7

22] . However, there was a simultaneous increase in asymptomatic OME

n these subjects, so the overall risk of OM was similar between the two

roups [22] . 

Our findings could be explained by a variety of factors. First, dif-

erences in the patho-physiology of AOM or OME/CSOM, compared to

hat of IPD, such as bacteremia and meningitis, may be a contributing

actor [23] . The polymicrobial nature of AOM or OME/CSOM disease

ay play a role, as it is believed that even if high efficacy and effec-

iveness could be obtained, protection against pneumococcal OM alone

ould have only a limited impact on the overall burden of OM disease

 6 , 7 ]. This signifies that PCV may offer only limited protection against

ME/CSOM. It is unclear whether the infants were exposed to a preced-

ng viral upper respiratory tract infection or early AOM episodes prior

o vaccination, giving that children in low-resource settings are more
245
xposed than those in more affluent communities to experience bacte-

ial nasopharyngeal colonization shortly after birth [23] . In addition,

asopharyngeal carriage not only provides an ecological niche for S.

neumoniae, but also for other pathogens that can cause middle ear in-

ection [21] . PCV vaccination prior to this chain of patho-physiological

vents may play a significant role in preventing recurrent and compli-

ated infections in otitis-prone children [23] . But, once this chain of

vents has commenced, PCV vaccination is thought to have little or no

ffect [23] . Previous studies, however, have found no correlation be-

ween early vaccine-type AOM and an increased risk of subsequent AOM

hen compared to AOM caused by other confirmed bacterial etiolo-

ies [24] . This supports the hypothesis that the higher OME prevalence

mong PCV13-vaccinated subjects in our study may have resulted from

ther bacterial etiology or the replacement of PCV13 serotypes by non-

CV13-type pneumococci, when compared to the PCV13-unvaccinated.

ence, it is likely that the predominance of non-vaccine type pneu-

ococci and/or other pathogens were primarily responsible for the



J. Njuma Libwea, V.A. Ngomba, N.A. Taku et al. IJID Regions 10 (2024) 240–247

u  

g

 

i  

p  

d  

f  

a  

d  

e  

s  

b

 

t  

H  

fi  

c  

i  

C  

n  

fl  

c  

o  

a  

a  

c  

r  

b  

c  

i  

M  

s

 

f  

s  

p  

s  

O  

i  

O  

g  

g  

a  

d  

o

 

v  

l  

2  

v  

p  

w  

i  

v  

t  

i  

m

D

F

 

I  

2  

H  

s  

i  

E

 

E  

a  

o  

t

A

 

s  

w  

d  

C  

m

A

 

s  

E  

D  

fi  

E

S

 

t

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

 

[  

 

[  

 

nexpectedly higher OM prevalence amongst the PCV13-vaccinated

roup in our study. 

Furthermore, the lack of indirect effects or vaccine waning effects

n children as they get older may be consistent with our findings, es-

ecially since the PCV13 is being rolled-out using the 3 + 0 EPI primary

ose-schedule with no booster [25] . The possible vaccine waning ef-

ects after the first year of life [25] , and an increasing OM prevalence

mong the PCV13-vaccinated supports recommendation that a booster

ose be introduced to counter observations of waning immunological

ffects over time [26] . This could be achieved by shifting to a 2 + 1

chedule in which the third dose is given at 9- to 12-months of age may

e more effective [26] . 

To the best of our knowledge, this is Africa’s first study to assess

he impact of PCV13 on the prevalence of prolonged OME and CSOM.

owever, we are aware of some constraints. As previously stated, AOM

ndings obtained using pneumatic otoscopy were not reported here be-

ause they were not evaluated in the same way in both groups. AOM

s a serious problem worldwide [1] , but in a low-resource setting like

ameroon, it often goes unnoticed in affected children [2] . Hence, we

eeded to define endpoints in our assessment that were realistic and re-

ective of local practices. More so, concerns from misclassification bias

ould not be ruled out i.e., the possibility of misinterpreting a ‘type F’

r ‘type P’ tympanogram for a true prolonged OME (type B), as they

ll produced graphically a “flat curve ” as previously indicated [14] . In

ddition, because we did not have the possibility to examine the mi-

robiology of OM disease causing serotypes, direct evidence of disease

eplacement of vaccine types by non-vaccine type pneumococci or other

acteria could not be ascertained. However, a study on nasopharyngeal

arriage prevalence in same population and age group found a slight

ncrease in non-PCV13 type carriage as well as a significant increase in

oraxella catarrhalis and Haemophilus influenzae [13] , which share the

ame ecological niche with the pneumococcus. 

In developing countries, studies evaluating the impact of PCV13 in-

ant vaccination on invasive pneumococcal diseases, pneumonia and na-

opharyngeal carriage endpoints yielded vaccine impact estimates com-

arable to those obtained from high-income countries [ 11 , 27–29 ]. This

tudy estimated the impact of the PCV13 program on CSOM, prolonged

ME and dry perforation, which had not previously been measured

n Africa, and found a significant difference in the risk of contracting

M between the PCV13-vaccinated group and the PCV13-unvaccinated

roup. These findings should contribute to the possibility that PCV pro-

rams have potential ability to effect appropriate immunogenic response

gainst otitis in children who were vaccinated in infancy, although the

evelopment of indirect effects maybe slow to interrupt the transmission

f vaccine-type carriage [23] . 

In conclusion, our study found significant evidence that PCV13-

accinated children in 2015 were associated with lower odds of pro-

onged OME and CSOM compared to PCV13-unvaccinated children in

013, despite a reportedly higher number of OM cases among those

accinated. However, confounding due to unknown factors or the re-

lacement with non-PCV13 serotypes or other bacteria may rapidly out-

eigh a positive effect. Another possibility could be waning immunity

n PCV13-vaccinated children with a 3 + 0 schedule, despite a reported

accine uptake of > 75% over time. More research is needed to assess

hese findings and potential causes, as well as to monitor the long-term

mpact of PCV13 program implementation on the epidemiology of pneu-

ococcal diseases, including otitis media in African settings. 
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