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1 Introduction 

Streptococcus pneumoniae

S. pneumoniae

Haemophilus influenzae







2 Literature review 

2.1 The microbiology of Streptococcus pneumoniae 
 

Diplococcus pneumoniae

Streptococcus pneumoniae  

Streptococcus pneumoniae 

2.2 Nasopharyngeal pneumococcal carriage in low- and middle-income 
countries 

Streptococcus pneumoniae





2.2.1 Relationship between nasopharyngeal carriage and invasive pneumococcal diseases 



2.2.2 Pneumococci infections and pneumococcal diseases 



Figure 1. 

was reproduced with permission from CSH Perspectives and co-authors under the Creative Commons CC-BY-NC-ND license)



2.2.3 The definition of otitis media and epidemiology in low- and middle-income countries 

Definitions: 

Otitis Media OM

Acute Otitis Media (AOM)

Otitis Media with Effusion (OME):

Chronic suppurative otitis media (CSOM):



2.3 The leading causes of death among children under the age of five in low- 
and middle-income countries 

 

2.3.1 Streptococcus pneumoniae’s role in under-five mortality in low- and middle-income 
countries 

 S. pneumoniae



Streptococcus pneumoniae

Table 1. The regional distribution of  pneumonia as a leading cause of  death in children under 
the age of  five (in percentages). 

Source: Adapted from Liu et al., 2015: Causes of child deaths in 2013 by MDG region 



2.4 Justification for the anticipated impact of the introduction of 
pneumococcal conjugate vaccines in low- and middle-income countries  

Streptococcus 

pneumoniae

diphtheria toxin CRM197 



2.4.1 Relationship between pneumococcal conjugate vaccine coverage and carriage 



2.4.2 Replacement of pneumococcal serotypes, direct and indirect effects of conjugate 
vaccines  

effect of an exposure



2.4.3 Impact of pneumococcal conjugate vaccines on carriage in low- and middle-income 
countries  





2.4.4 Impact of pneumococcal conjugate vaccines on pneumonia in low- and middle-income 
countries  



2.4.5 Impact of pneumococcal conjugate vaccines on otitis media in low- and middle- 
income countries 



H. influenzae  M. catarrhalis   



3 Aims of the study  

Streptococcus pneumoniae



4 Materials and Methods 

4.1 PCV13 inclusion in Cameroon’s infant vaccination schedule 

Haemophilus influenzae type b 

4.2 Study area, designs, subjects, and data collection 

4.2.1 Study setting 
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Figure 2. Map of Cameroon depicting regional capitals, including Yaoundé, where study sites were located, as well as border 
countries  

4.2.2 Study population 

This consisted of all children under the age of 60 months who were entitled to benefit from Cameroon’s 

national childhood immunization scheme from 2006 to 2012 for the baseline mortality data, and from 2011 

to 2015 for the PCV13 era.  The total study sample size was over 2800 subjects drawn from a source 

population of approximately one million children aged 1 to 59 months, and more than 500 subjects were 

sampled in each sub-study. 

4.2.2.1 Study-specific population for studies II, III, IV 

 
We targeted children born between June 2010 and June 2011 (baseline data) and between June 2012 and 

June 2013 (comparison data).  Cameroon has an annual birth cohort of approximately 856000 according to 

the 2016 report of The Vaccine Alliance – GAVI (www.gavi.org/country/cameroon). Selection of subjects 



4.2.2.2  Inclusion and exclusion criteria for Studies II, III and IV 

4.2.3 Study designs and data collection 

4.2.3.1 Pneumococcal-associated mortality (Study I) 





4.2.3.2 Nasopharyngeal sample collection and laboratory methods (Study II) 

S. pneumoniae



4.2.3.3 Otitis media assessment (Studies III & IV) 

4.2.4 Rationale for selecting participants in Studies II, III and IV 



S. pneumoniae

4.3 Questionnaires  

4.3.1 The content of questionnaires used for Study I 



CASE REPORT FORM: Mortality study                                          CRF code No.______________ 
 

Data sources 

Subject identification 

Death declaration based on: 

j) The primary cause of death as written in the death declaration:(tick all that 
apply in table 1 below)  

 
 
Section 1: Cause of Death  



Section 2 Yes, clinical disease

Section 3 (Yes, laboratory-confirmed disease)

4.3.2 The content of questionnaires used for Studies II, III and IV 

Carriage and Otitis Media Studies: Cameroon             Case Report Form Version 3.0, 09.04.2015 

Study nurse completes the form by interviewing the parents. From response lists, check that one response that applies best unless 
otherwise stated. For other questions, use the provided space to write out the replies  

Child identifiers 



Enrolment and Consent: 
 

no

Inclusion criteria 

If the response to any of the questions was “No” the child cannot be enrolled and no further questions will be asked.  

Exclusion criteria 
 

If the response to any of the questions was “Yes” the child cannot be enrolled and no further questions will be asked.  

 
 
INTERVIEW QUESTIONS FOR THE PARENT(S) 

Family information 

Parental smoking and source of cooking 



 

 

Following questions from the child enrolled in the carriage study only. 
 
Antibiotics: 

 
 
Respiratory infections: 



Nasopharyngeal Samples (NPS): 

Tympanometry performed: 

Sample sticker series number: (affix sticker here     

4.4 Statistical analyses 

4.4.1 Descriptive and multivariate analyses for the baseline data 

4.4.1.1 S. pneumoniae-related causes of death in children under the age of five (Study I) 



4.4.1.2 Estimates of the baseline prevalence of otitis media  

Table 2. Categorization criteria used for reporting tympanograms in this thesis (Palmu et al., 2002)  



4.4.2 Descriptive and multivariate analyses for the post-PCV13 effects 

4.4.2.1 Prevalence of nasopharyngeal pneumococcal carriage after PCV-13 introduction (Study II) 

χ



4.4.2.2 Estimates of the impact of PCV13 on the prevalence of otitis media (Study IV) 

4.5 Ethical considerations 





5 Results 

5.1 Baseline data 

5.1.1 The proportion of under-five mortality caused by pneumococcal diseases (Study I) 

Table 3. Proportions of the leading causes of death among children under the age of five in Yaoundé, Cameroon, 
from 2006 to 2012 (N = 817) 
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Figure 3. Percentages of pneumococcal-associated deaths and other causes of death among 1- to 59-month-old children 
registered at the infectious disease sentinel surveillance hospitals in Yaoundé, 2006 – 2012). 

5.1.2 Prevalence of otitis media in children aged 2 to 3 years in Cameroon (Study III) 

Years 



Table 4. Baseline characteristics and Otitis Media (OM) prevalence among 2 to 3 years old children in Yaoundé, 
Cameroon, N= 433 



5.2 PCV13 effects following its introduction 

5.2.1 PCV13’s impact on pneumococcal nasopharyngeal carriage in children (Study II) 

S. 

pneumoniae



012345678

4
6B

9V
14

18
C

19
F

23
F

5
6A

19
A

3
7C

9L
18

A
19

B
23

A
23

B
10

A
11

A
12

F
13

15
A

15
B

15
C

16
F

17
F

20
21

22
F

24
A

24
F

28
31

33
B

33
F

34
35

B
35

F
38

Prevalence of serotypes  carriages (%)
PC

V1
3-

Un
va

cc
in

at
ed

PC
V1

3-
Va

cc
in

at
ed

PC
V1

3 
Se

ro
ty

pe
s

No
n-

PC
V1

3
Se

ro
ty

pe
s

Fi
gu

re
 4.

 
Pr

ev
al

en
ce

 o
f p

ne
um

oc
oc

ci
 c

ar
ria

ge
 se

ro
ty

pe
s 

fo
un

d 
in

 2
01

3 
(P

CV
13

-u
nv

ac
ci

na
te

d,
 n

=1
98

) a
nd

 in
 2

01
5 

(P
C

V1
3-

va
cc

in
at

ed
, n

=6
89

) g
ro

up
s o

f c
hi

ld
re

n 
ag

ed
 2

4 
to

 3
6 

m
on

th
s

in
 Y

ao
un

de
, C

am
er

oo
n.



5.2.1.1 Isolation and identification of pneumococci from nasopharyngeal samples 

S. pneumoniae.

S. pneumoniae

5.2.1.2 Serotyping of pneumococcal isolates 

5.2.2 PCV13 effects on otitis media in children aged 2 to 3 years (Study IV) 
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Figure 5. Flow chart showing the selection of children aged 2 to 3 years for the assessment of PCV13 impact on otitis 
media in Cameroon [
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6 Discussion 

6.1 Summary of main findings 



6.2 Methodological aspects: Strengths and limitations of the study 
6.2.1 Strengths of the study 



6.2.2 Limitations of the study 

H. influenzae, 



 

6.3 Comparison and interpretation of main findings to previous reports 
6.3.1 Comparison of baseline findings 
6.3.1.1 The leading causes of death among children under the age of five and proportion of deaths 

associated with pneumococcal diseases (Study I) 



 

75 

2015). Our findings, however, differ in some ways from those reported previously in the Northern 

region of Cameroon (Einterz & Bates, 2011) and other parts of SSA (Sacarlal et al., 2009). In these 

studies, the proportion of under-five deaths caused by non-communicable diseases such as cancers 

and diseases arising from perinatal conditions was rarely reported. Instead, there was an 

overemphasis on communicable diseases. In our study, however, it was clear that these conditions 

contributed to approximately 15% of all-cause under-five mortality (Study I). In addition, our study 

found that 29.3% of under-five deaths were caused by pneumococcal infections, compared to 23.1% 

reported for the regions in SSA (Figure 6). Moreover, another study on the regional and global CoD 

revealed that in 2009  communicable diseases are the primary cause of 50% of all-cause mortality 

among children from SSA (Mathers et al., 2009), a similar trend observed in our study. This 

knowledge is critical for prioritizing the most effective interventions for children of this age group. 

Further, although the PCV13-associated reduction in childhood pneumonia mortality were not yet 

strongly evident in our study, such benefits have been reported to occur in similar settings in LMIC 

and followed simultaneous improvements in the overall level of nutrition, hygiene, education and 

healthcare (Chan et al., 2019; Mccollum et al., 2017; Schuck-paim et al., 2019). 

 

Figure 6. The leading causes of deaths among children under the age of five in Yaoundé, Cameroon, in 
comparison with percentages from the Sub-Saharan African region (Study I) 



6.3.1.2 Prevalence of otitis media in children who were not vaccinated with PCV13 (Study III) 



6.3.2 Comparison of post-PCV13 findings 

6.3.2.1 Effects of PCV13 on pneumococcal nasopharyngeal colonization (Study II) 



6.3.2.2 Isolation of multiple-serotype colonization (Study II) 
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6.3.2.3 Effects of PCV13 on the prevalence of otitis media (Study IV) 

S. pneumoniae



Moraxella catarrhalis  Haemophilus influenzae

Haemophilus influenzae



6.4 Interpretation of the findings 







6.5 Public Health implications of the study 





6.6 Beyond vaccine effectiveness: The broader public 
health value of the PCV13 in Cameroon 



Streptococcus pneumoniae.





6.7 Research gaps: Future considerations and 
recommendations 





7 Summary and Conclusions  
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Abstract

Background
Vital registration data outlining causes of deaths (CoD) are important for a sustainable

health system, targeted interventions and other relevant policies. There is data paucity on

vital registration systems in developing countries. We assessed the leading causes and pro-

portions of under-five deaths, and particularly those related to pneumococcal infections in

Yaoundé, Cameroon, using hospital registration data.

Methods
A retrospective case-finding observational study design was used to access and identify

data on 817 death cases in children under-five years of age recorded in health facilities in

Yaoundé, within the period January 1, 2006 and December 31, 2012. Patients’ files were ran-

domly selected and needed information including demographic data, date of admission, clini-

cal and laboratory diagnosis, principal and/or underlying causes of death were abstracted

into structured case report forms. The International Classification of Diseases and Clinical

Modifications 10th revision (ICD-10-CM) codes (ICD10Data.com 2017 edition) were used

to classify the different CoD, retrospectively. Ascertainment of CoD was based on medical

report and estimates were done using the Kaplan-Meier procedure and descriptive statistics.

Results
Of the 817 death records assessed, malaria was the leading CoD and was responsible for

17.5% of cases. Meningitis was the second largest CoD with 11.0%; followed by sepsis
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(10.0%), Streptococcus pneumoniae infections (8.3%), malnutrition (8.3%), gastro-enteritis

/ diarrhoea (6.2%), anaemia (6.1%) and HIV (3.5%), respectively.

Conclusion
The main CoD in this population are either treatable or vaccine-preventable; a trend consis-

tent with previous reports across developing countries. Besides, the health effects from

non-communicable infections should not be neglected. Therefore, scaling-up measures to

reduce causes of under-five deaths will demand sustainable efforts to enhance both treat-

ment and disease prevention strategies, to avoid a decline in the progress towards reducing

under-five deaths by 2/3 from the 1990 baseline.

Background
Accurate civil registration systems are essential in the documentation on the distribution of

CoD in children as well as in the general population. This is important in the planning of sus-

tainable health policies and needed interventions in concordance with the millennium devel-

opment goal (MDG 4) [1], with a target of reducing by two-thirds between 1990 and 2015 the

under-five mortality rate [2]. We have exceeded the year 2015 deadline and globally, reports

suggest the number of under-five deaths dropped from 12.7 million in 1990 to 6.3 million in

2013 [3]. However, most of the 6.3 million reported under-five deaths occurred in developing

countries, with porous data on child health and mortality [4]. In these countries, reaching the

MDG4 target will require an acceleration of essential, effective and affordable interventions

against diarrhea, sepsis, the human immuno-deficiency virus / acquired immuno-deficiency

syndrome (HIV/AIDS), malaria and pneumonia including improved nutrition and vaccines

access.

The reduction of under-five mortality remains a major priority in developing countries,

considering the high number of deaths resulting from preventable conditions [5]. However,

to achieve the MDG4 target, reliable data are needed on under-five mortality to guide health

planners and to scale up prevention and treatment strategies [5,6].

Acute Lower Respiratory Infections (ALRI) account for over 6.0% of morbidity and mortal-

ity of children worldwide, with Streptococcus pneumoniae reported as one of the principal
causes of illness and death in children younger than five years of age [2]. About 75% of all

cases occur in only 15 countries, with Sub-Saharan Africa and Southeast Asia representing the

vast majority of cases [7]. Pneumococcal pneumonia is more frequent than can be confirmed

by positive blood cultures and up to half of pneumonia deaths in children is attributed to

pneumococcus [8]. In the absence of recent research data in the country, up to 19% of deaths

in children under-five years old, have been estimated to result from pneumococcal infections

in Cameroon with a total under-five mortality rate of 84 /1000 live births [9–11]. Addressing

major risk factors such as malnutrition, breastfeeding and indoor air pollution are essential in

prevention of pneumonia, but vaccination remains the cornerstone [12].

In this paper, we present data on hospital-based case finding of CoD in children abstracted

into structured case report forms (CRF) in four health districts including the mother and child

hospital (MCH) in Yaoundé, Cameroon. The MCH is one of the largest children’s hospitals in

the country and it is accessible and affordable to all strata of the population. It keeps records of

hospital visits, admissions, and deaths, in addition to specific clinical, laboratory and serotype

data on invasive diseases including Haemophilus influenzae and Streptococcus pneumoniae. It

Assessing the causes of under-five mortality and proportion associated with pneumococcal diseases in Cameroon
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has a capacity of 300 beds and had over 85000 admissions with 1816 reported under-five

deaths between January 2006 and the end of December 2012.

The principal causes of under-five mortality in the country have not been assessed and

there is no baseline data for vaccine effectiveness evaluation, as is the case with the pneumo-

coccal conjugate vaccine introduced in July 2011. Our primary goal was to access and identify

all cases of under-five deaths in the study area and define the most probable causes of under-

five deaths based on available data sources. Secondarily, we estimated the proportion of deaths

possibly or definitely due to pneumococcus. Moreover, it is expected the findings may be a

useful baseline with information on disease pattern needed to re-scale appropriate public

health targets and indicators to measure their progress and achievements in the country, with

respect to the MDG4.

Material andmethods

Study design and study site

We applied a retrospective case-finding observational study design using hospital registration

data from the infectious disease surveillance sites hosted at the MCH in Yaoundé, Cameroon

(Fig 1). As earlier described [13], the sites involved hospitals in both an urban and rural/semi-

urban zones around Yaoundé, with a population of over 3.5 million inhabitants out of which

18% are children under-five [14].

In 2013, we conducted a sample survey on over 1800 cases of death registered within the

MCH, representing less than 2% of an estimated 117000 expected deaths in Yaoundé [9],

among children aged under-five between 2006 and 2012. Trained study personnel randomly

selected 817 of these cases and information on the socio-demographic and CoD were extracted

from medical reports and keyed into structured case report forms (CRF). This facilitated the

identification of the direct, intermediate and underlying causes of CoD from medical reports.

Besides, it avoided duplicate or repeated counting of cases from the different hospital registers.

Ascertainment of CoD was based on medical declaration and the International Classification

of Diseases and Clinical Modifications 10th revision (ICD-10-CM) codes were used to retro-

spectively classify the different CoD.

Ethical considerations

Death registration data for the general population are held at Civil Status Registries (CSR) in

municipalities and local population offices in each municipality in Cameroon, and permission

for their use was obtained from the National Ethics Committee (CNE) No. 234/CNE/SE/2012,

written and signed onMay 2, 2012.(Because we needed to effectively link patients’ records in reg-
isters to their respective files and to avoid duplicate entries, they were accessed unencoded. All
patient records abstracted into CRF were later encoded and analysed anonymously). This study
was approved as one of the specific objectives in a broader protocol entitled "Estimating pneu-

mococcal disease burden and evaluating the impact of introducing the pneumococcal conju-

gate vaccine (PCV13) into the Expanded Programme of Immunization in Cameroon."

Data sources for death identification

It is mandatory in the country that, in the case of death in a hospital or other medical institu-

tion or in a prison, the head of the establishment must declare the death within fifteen days

[15]. The certification by medical personnel of the CoD is an essential step in the series of pro-

cesses in the construction of vital registration data. In this setting, the customary practice in

the registration of deaths commences with the issuance of a death declaration form (DDF) to

Assessing the causes of under-five mortality and proportion associated with pneumococcal diseases in Cameroon
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the family of the deceased by a qualified medical staff. The family is expected to transmit the

DDF to the municipality for registration and be issued a death certificate. However, this last

step is hardly respected and this generates an inherent problem with the quality of data in vital

registrations systems witnessed in most of resource-low settings. The recommended practice is

Fig 1. Flow chart on data identification and collection processes.N.B: For the sample size estimation, we assumed that,
18% of study population (630000) were children under-five years old; a = 0.05; power = 80%, and proportion of death cases
with missing data on cause-specific death = 10%. Using the computer-based Creative Research Systems Survey software
(http://www.surveysystem.com), we assumed a desired confidence level of 95% and a confidence interval of 4% units on each
side; the estimated sample size for this study is 600 deaths. Therefore, a minimum of 660 cases of death in children aged
29days to 59 months was targeted as the sample size in this study. DH = District Hospital; ICD-10-CM = the International
Classification of Diseases and Clinical Modifications 10th revision.

https://doi.org/10.1371/journal.pone.0212939.g001

Assessing the causes of under-five mortality and proportion associated with pneumococcal diseases in Cameroon
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to respect the World Health Organisation’s (WHO) criteria for medical certification; where

the CoD are outlined in a sequential format beginning with the direct CoD through the inter-

mediate causes, while the underlying CoD is registered in the lowest line of Part of the medi-

cal certificate of cause of death [10].

The data search was limited only to hospital registers because we could not find sufficient

information on under-five deaths from the civil status registers (vital registration systems) in

municipalities and local population offices. Generally, typical hospital setting in the country

consists of independent units and wards such as the female, male, paediatric, HIV/AIDS and

oncology wards. Each keeps a register of patients’ medical records (usually manual but in cities

both manual and electronic formats maybe available). Our search to identify under-five hospi-

tal deaths relied principally on inpatient paediatric hospital registers, as well as on other outpa-

tient and emergency units registers (Fig 1). This included all causes of hospital documented

under-five deaths within the study period. From these, further verifications were made for any

cases of death with pneumococcal aetiology.

Case definitions

The CoD as described in hospital registers were retrospectively coded using the ICD-10-CM

codes. Cause-specific mortality proportions were derived as the fraction of total deaths pos-

sibly associated to specific conditions, using hospital-based ICD-10-CM list diagnoses.

Here, owing to the complexity associated with defining infections with pneumococcal aetiol-

ogy, we limit our perspectives only on pneumococcal-related causes of deaths defined as

follow:

A): Clinical pneumococcal infections

1. ALRI: Diagnosis of pneumonia based on medical declaration as cause of death (i.e. any

Acute Lower Respiratory Tract Infection (ALRI) or pneumonia including all diagnosis of

ALRI); or

2. Clinically severe pneumonia: Death resulting from cough or difficult breathing as admis-

sion symptoms for child 1–59 months old residing in study area,

And with either
- A respiratory rate� 40/minute, or temperature>38.5˚C, or refusing to feed, or vomiting

and/or lower chest in-drawing

B): Laboratory confirmed infections

• Culture-positive invasive pneumococcal disease

• Culture-negative polymerase chain reaction (PCR) or antigen test positive invasive pneu-

mococcal disease

C): Radiologically confirmed infections

• Radiologically confirmed pneumonia i.e. Chest X-ray-Community Acquired Pneumonia

compatible with endpoint consolidation

• Radiologically confirmed pneumonia i.e. Chest X-ray-Community Acquired Pneumonia

with any radiologic abnormality

Clinical cases of pneumococcal infections, which did not meet these criteria, were consid-

ered as non-confirmed pneumococcal diseases (unspecified).

Assessing the causes of under-five mortality and proportion associated with pneumococcal diseases in Cameroon
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D): Causes of deaths not related to pneumococcus

These included other biologically related causes of under-five deaths apart from those due

to pneumococcal infections e.g. Tuberculosis (TB), HIV or malaria and others.

E): Deaths due to injuries

This consisted of under-five deaths with non-biological causes such as those resulting from

injuries or accidents.

Statistical considerations

Data analysis. Cases included in this analysis were children aged between 29 days and 59

months (for uniformity we have used 29 days = 1 month, since no cases were registered as 29

or 30 days old), whose deaths were recorded between 1st January 2006 and 31st December 2012

in the study area. Deaths occurring in the neonatal period (i.e. 28 days following birth) were

excluded. The date of birth (age in months) was considered as the entry point to the study in

2006. Follow-up time was up to 2012, which was the end of the study period, or at time of

death reported. The proportion and causes of deaths were estimated from data collected on

the total deaths using descriptive measures and Kaplan-Meier method. Data has been analysed

using the software package SPSS 25.0 version.

Results

Distribution and main causes of death in children under-five years old

A total of 817 randomly selected cases of under-five deaths from hospital registers that were

recorded between January 2006 to December 2012 in Yaoundé were assessed. The median

ages at death were 11months for males and 15 months for females (Fig 2).Table 1 shows the

age groups and distribution of the principal causes of death. The most vulnerable were those

in the age group 1–11 months old, harbouring 45% of all-cause mortality. Malaria (17.5%) was

the leading CoD followed by meningitis (11.0%), sepsis (10.0%), and pneumococcal diseases

(8.3%).

Causes of death registered with corresponding ICD-10-CM codes

Table 2 shows a summary distribution of the 817 cases of under-five deaths classified by ICD-

10-CM coding. Communicable infections resulting from infectious and parasitic diseases,

respiratory infections, nutritional deficiencies and perinatal conditions were accountable for

most deaths (71.5%). Non-communicable infections including those from malignant disor-

ders, cardiovascular disorders and congenital abnormalities contributed for some 11.6%, anae-

mia contributed to 6.2% of deaths and injuries were responsible for 0.2%.

Comparison of leading CoD in our study with estimates from Sub-
Saharan Africa (SSA)
In Fig 3, are presented percentages of cause-specific deaths of children age 1–59 months

obtained in our study compared to estimates from the SSA region [3]. Meningitis and sepsis

were contributing more cause-specific deaths in our study population compared to the rest

of the sub-region. The statistics were similar for malaria and HIV/AIDS. Some positives are

observed with a decline in CoD resulting from tetanus, measles and perinatal conditions in

our study. Deaths attributed to other and ill-defined causes were as much as threefold higher

in our study compared to that of the entire SSA region [3].

Assessing the causes of under-five mortality and proportion associated with pneumococcal diseases in Cameroon
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Clinical and laboratory diagnosed pneumococcal disease associated cause
of death

Table 3 presents the distribution of clinically diagnosed and laboratory confirmed pneumococ-

cal disease associated CoD. Overall, more than 55% of cases (n = 158) diagnosed with clinically

Fig 2. Cumulative proportion of age at death by gender among children under-five years registered at the Infectious
Diseases Surveillance Sites in Yaoundé, Cameroon: 2006–2012.

https://doi.org/10.1371/journal.pone.0212939.g002

Table 1. Distribution of the main CoD in children 1–59 months old in Yaoundé, 2006–2012 (N = 817).

CoD Age groups

1–11 12–23 24–35 36–47 46–49 All

(N = 368) (N = 187) (N = 104) (N = 55) (N = 103) (N = 817)

% % % % % % (95%CI)

Malaria 11.7 22.5 21.2 32.7 17.5 17.5 (15.0–20.3)

Meningitis 11.7 10.2 16.3 5.5 7.8 11.0 (09.0–13.4)

Sepsis 13.0 11.2 6.7 0.0 5.8 10.0 (08.1–12.3)

Pneumonia 9.8 7.0 8.7 3.6 3.9 8.3 (06.5–10.4)

Malnutrition 7.6 12.8 7.7 0.0 3.9 8.3 (06.5–10.4)

Diarrhoea/gastro-enteritis 8.7 5.3 4.8 1.8 2.9 6.2 (04.7–08.1)

Others 37.5 31.0 34.6 56.4 58.3 38.6 (35.2–42.0)

CoD = Causes of death; N = number; % = percentage; CI = Confidence Interval

https://doi.org/10.1371/journal.pone.0212939.t001
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severe pneumonia had been coughing, had a respiratory rate� 40/minute and a body temper-

ature of over 38˚C. Seventeen percent of these were confirmed as culture-positive invasive

pneumococcal disease, and 73.4% were confirmed as antigen test-positive. Only 1.3% of these

had a radiological confirmation.

Discussion
This study aimed to determine the leading CoD in children aged 1–59 months in the MCH

and health facilities within the infectious disease surveillance network in Yaoundé, Cameroon,

using hospital-based registers. Vital statistics regarding the CoD among children based on

death certificates are porous in resource-limited settings like Cameroon, which remain

amongst the highest contributors to the number of under-five reported deaths [16]. In this

study, we have assessed only about 2% of deaths of an estimated 117000 deaths expected to

have occurred within the study period in Yaoundé [9], justified by our intention to capture

CoD with clinical and laboratory-culture specific data to depict deaths from pneumococcal

related aetiology. Thus, we could not ascertain that these deaths were representative of all

deaths within this age group at that period of time, but we remain optimistic they mirrored

the major causes of morbidity and mortality in this community since they were medically

declared. Based on the data we assessed, infectious diseases and malnutrition were the leading

CoD in children aged 1–59 months within the study period in this population. Additionally,

71.5% of the deaths occurred within the first 24 months of life.

However, our findings are in agreement with previous reports on the trends in the geo-

graphical distribution of CoD in the under-fives globally [16,17], although these studies had

explored various methodologies than what we have used. This is partly due to the absence of a

standardized universal algorithm to measure CoD.

In a related study on the causes and circumstances of death in a district hospital in Kolofata,

Northern Cameroon between 1993 to 2009; malaria (15.9%), infectious diseases including

Table 2. List of ICD-10-CM codes collected for this study and percent of diagnostic CoD in children 1–59 months
old in Yaoundé, 2006–2012.

No. ICD-10-CM� code Clinical diagnosis %

1. B54 Unspecified malaria 17.5

2. G00.1 Pneumococcal meningitis 11.0

3. A41.9 / B96.29 Sepsis 10.0

4. B95.3 / J13 Streptococcus pneumoniae as the cause of diseases classified elsewhere 8.3

5. C83.7/C95/D17.9/R59.1 Malignancy / Tumours/ Generalized lymph nodes 8.2

6 E46 Unspecified protein-calorie malnutrition 8.3

7. K52.1/K52.89/R19.7 Gastro-enteritis / Diarrhoea 6.2

8. D61.2 Aplastic anaemia due to other external agents 6.1

9. P96.89 Other specified conditions originating in the perinatal period 4.4

10. B20 Human immunodeficiency virus (HIV) disease 3.5

11. A15.5 Tuberculosis of larynx, trachea and bronchus 2.3

12. I25.5 Ischemic heart diseases 2.3

13 D57.1 Sickle-cell disease without crisis 1.1

14. T14.90 Injury 0.2

15 R99/A35/B05.9/K75.9 Ill-defined and unknown cause of mortality and others 10.0

�ICD codes specific for diseases and compatible with clinical diagnosis as primary cause of death used in the study;

No. = Serial number based on leading cause of death; S = Streptococcus; % = percent

https://doi.org/10.1371/journal.pone.0212939.t002
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ALRI (15.1%) and diarrhoeal diseases (13.3%) were the leading CoD in children before the age

of 5 years [18], a similar trend to that obtained in our study. The Kolofata study included 1281

inpatient deaths of which 46.9% were deaths before the age of five years. Although there was a

decline in the under-five mortality rate in the country from 144/1000 live births reported in

2004 to 122/1000 live births in 2011 [9], country-specific data on the major causes of death are

scarce [18]. Vital statistics with notifications on CoD in children are not maintained in Camer-

oon, despite legislative provisions. However, the 2011 Cameroon Demographic Health Survey

(CDHS) documented important information on symptoms and other characteristics leading

to the death for children aged under-five years old nationwide [9]. Based on the CDHS data,

ALRI, particularly those with pneumococci aetiology had 7% prevalence in Yaoundé, similar

to the 8.3% we have obtained but differ with the 16% reported for the SSA region where diar-

rhoea (21%), malaria (30%), malnutrition (33%) and anaemia (60%) were the predominant

CoD in children aged under-five years (Fig 3).

In the CDHS questionnaires, to ascertain pneumococcal-related causes of deaths caretakers

were asked the following; if the child was coughing in the last two weeks prior to death and if

Fig 3. Frequent causes of deaths in our study with comparative percentages for the Sub-Saharan Africa region.

https://doi.org/10.1371/journal.pone.0212939.g003
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yes, was the cough accompanied with difficult and fast breathing prior to death? This reflects the
present case definition on pneumococcal related deaths we have adopted in this study, in addi-

tion to laboratory confirmation (Table 3).

In both the CDHS and Kolofata studies, malaria and diarrhoea were the primordial causes

of death in children of the age groups 1–11 months and 12–23 months old than were deaths

from pneumococcal diseases. In our study, 68% of deaths also occurred within similar age

groups i.e. the first 24 months of life. This, according to the CDHS 2011 report may be

explained by the period when the child (at� 6 months) begins to receive other nutritional

components than breast milk. The latter age group also corresponds to the age when the chil-

dren begin to exploit their environment, and as such exposes them to contamination with

pathogens. Another contributing factor on the prevalence of diarrhoea is that of the non-avail-

ability of potable water source. Based on the CDHS 2011 report, 19% of children from homes

with a potable water source were exposed to diarrhoea infection as compared 24% in those

from homes without potable water within this population.

Further, related studies conducted in other parts of Africa demonstrated that communica-

ble infections including malaria, diarrhoea, respiratory tract infections, HIV/AIDS, TB and

fever of unspecified origin accounted for over 50% of death in children before their first birth-

days [19–23]. More so, a study on the global and regional CoD reported in 2009 that an esti-

mated one in two deaths in children from SSA is attributed to communicable diseases as the

primary cause [24].

In our study, malaria due to Plasmodium falciparum was the most important contributor

to under-five deaths. As many as 18 of a hundred children from this population died from

malaria. This is surprising when we consider the huge investments on malaria control pro-

grams in the country, just as in most of SSA [25]. Reducing the proportion of deaths due to

malaria relies partly on the preventive and treatment regimens currently in use [25]. With sup-

port from the Global Fund for Health, the government of Cameroon besides the distribution

Table 3. Distribution of pneumococcal disease associated deaths by study case definition in children 1–59 months
old in Yaoundé, between January 2006 to December 2012 (N = 158).

Diagnostic algorithm YES NO UNKNOWN/
MISSING

n % n % n %

Clinically severe pneumonia

Cough 89 56.3 16 10.1 53 33.5

Respiratory rate� 40/minutes 119 75.3 12 7.6 27 17.1

Temperature> 38˚C 114 72.2 24 15.2 20 12.7

Refusing to feed 62 39.2 25 15.8 71 44.9

Vomiting /lower chest in-drawing 57 36.1 6 3.8 95 60.1

Laboratory confirmed pneumococcal disease

Culture positive IPD� 27 17.1 4 2.5 127 80.4

Culture negative PCR / antigen test positive IPD 116 73.4 10 6.3 32 20.3

Radiologically confirmed infection

X-ray CAP with endpoint consolidation 2 1.3 1 1.6 155 98.1

X-ray CAP without endpoint consolidation 0 0 0 0 0 0

�Invasive pneumococcal disease;

= polymerase chain reaction;

= Community acquired pneumonia; N (n) = number; % = percentage.

Endpoint consolidation refers to the presence of alveolar or pleural effusion on chest X-ray

https://doi.org/10.1371/journal.pone.0212939.t003
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of long-lasting insecticide-treated mosquitoes bed nets to expectant mothers, is implementing

the use of artemisinin-based combination therapy (ACT) as first-line malaria treatment in

replacement of chloroquine [9,18]. We have limited understanding on this disproportional

trend between malaria as the primordial CoD against on-going treatment and preventive mea-

sures being implemented for two decades rolling. However, there is a hypothesis that increas-

ing resistance to antimalarial therapies and their improper use are contributing factors [9,26].

Bacterial meningitis (pneumococcal meningitis), was the second highest CoD, and

occurred mostly in the age groups 1–11 and 24–35 months. The implication of the pneumo-

coccus as the predominant organism causing bacterial meningitis had earlier been reported

[27–30]. We were not surprised with this finding since the country is situated along the “Afri-

can meningitis belt”, and shares a long and porous border with Nigeria, where meningococcal

disease incidence is high [31]. With the advent of the monovalent serogroup A meningococcal

conjugate vaccine (MenAfriVac) in the country since 2009, other pathogens such as Strepto-
coccus pneumoniae and Haemophilus influenzae are reported to cause more infections than

was previously thought [9,31].

Septicaemia with ICD-10-CM codes A41.9 and B96.29 was responsible for 10.0% of deaths

and is seen as another major contributor to under-five deaths in this community. Most of the

sepsis resulted from bacterial infections with different aetiologies acquired during the neonatal

period; subsequently leading to the hospitalisation and death of the children in their early

infancy. This finding aligns with previous reports that, in a malaria endemic region like Camer-

oon, affected children have an increased risk to die from septic shock resulting secondarily

from severe anaemia and/or bacteraemia [32,33]. More so, sepsis is described as a cascade of

diseases involving a systemic inflammatory response syndrome (SIRS) in the midst of infection,

intensifying in septic shock to cardiovascular and organ system dysfunction [34]. Some authors

have attributed this systemic organ dysfunction as the last inflammatory stage for a majority of

infectious disease-related paediatric deaths globally [34–36]. This phenomenon is consistent

with our findings in which a myriad of infections resulting from HIV/AIDS (3.5%), Streptococ-
cus pneumoniae (8.3%), malignancies (8.2%), ischemic heart diseases (2.3%), conditions from

perinatal period (4.4%) and aplastic anaemia due to other external agents (6.1%) could be

important underlying contributors to under-five deaths, although they were recorded as indi-

vidual CoD (Table 2). We also recognize that multiple diagnostic CoD are a possibility, espe-

cially in a remote setting where patients present with concomitant infections as previously

reported [37]. We have reported just a single CoD in this study based on the primary CoD with

respect to medical declaration. However, to use a single CoD as we have done turned not to

underestimate the contributions of the individual causes to the overall under-five mortality rate

which witnessed a decline from 146/1000 live births in 2001 to 122/100 live births in 2011 [9].

Pneumonia due to Streptococcus pneumoniae (8.3%) was the fourth most important CoD,

with most of the deaths occurring in children aged between 1–11 months. This observed aged

pattern of pneumococcal related deaths highlights the importance of the pneumococcus as a

serious health challenge to children in SSA including Cameroon [1,38].

Malnutrition related deaths which accounted for 8.3% overall CoD in our study, are a base-

line to causes of child death in Africa [39]. In our data, chronic malnutrition usually protein-

calorie malnutrition (with ICD-10-CM code: E46), is translated by a small height-for-age

index which corresponds to growth retardation in children [9]. There are some variations in

the prevalence of malnutrition by age, which is highest in the age group 12–24 months old

(Table 1). We lack direct answers on why this form of malnutrition was predominant since

our study was not designed to address risk factors for malnutrition. However, according to

the CDHS 2011 survey this may be because of inadequate food intake and / or attributed to

recurrent or relatively long periods of infectious diseases [9]. More so, for children with such
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growth retardation it is evidenced that after the age of two years, there is a limited chance to

ameliorate their growth with any nutritional intervention [40]. The height-for-age index is a

measure of the long-term effect of malnutrition and is a useful indicator of the environmental,

developmental and socio-economic level of a given population [40]. Thus, ameliorating the

challenges of malnutrition should lead to a reduction in the number of under-five deaths in

this population, and subsequently an improvement in their living standards.

Diarrhoea associated CoD was another predominant contributor to under-five mortality in

the study area with 6.2% of all deaths. Majority of the deaths occurred between the age group

1–11 months. This is lower than the 13.3% prevalence reported in the Kolofata study in North-

ern Cameroon [18]. In a related study in Haiti, diarrhoea was found to be responsible for up to

60% of deaths among those in the age bracket 1–11 months old [4]. Hospital-based diarrhoea

associated CoD is reported to vary in SSA from between 2% to about 40%, with most of the

deaths occurring before the children reach their first birthdays [41]. However, the 6.2% preva-

lence obtained in our study shows a decline in diarrhoeal associated CoD when compared

with the 13% aggregated data obtained from SSA region (Fig 3).

In our data, 8.2%, 6.1%, 4.4% and 2.3% of deaths were respectively, due to malignancies/

tumours/generalized lymph nodes, anaemia, and diseases originating from perinatal condi-

tions and tuberculosis (Table 2). The contributions of non-communicable diseases including

malignancies/tumours and/or generalized lymph nodes to under-five deaths in the Yaoundé

study area should not be undermined. Previous studies on causes of under-five mortality in

SSA have scarcely highlighted the role of malignancies and related CoD, as there is too much

focus on communicable infections [1,18,34,35,38].

Strength and limitation

There are some shortcomings in this study. First, we have only considered a single CoD as

ascertained by a clinician, despite the understanding that in many resource-low settings a cas-

cade of infections may be involved in a specific CoD [37]. Our main difficulty was the inability

to ascertain the exact order in sequence of events leading to a specific CoD. However, the

advantage here is that clinicians with long years of experience in tropical and paediatric medi-

cines clinically validated the CoD. In addition, the methodology we used did not require sub-

jective assessments from caretakers or open-ended algorithms in the determination of the

primary CoD. Hence, compromising issues on measurement bias as it is common with the

verbal autopsy technique. Further, we could not incorporate the verbal autopsy technique that

should have addressed some of the deaths, which occurred outside the hospital settings, even if

this too is plagued with inherent limitations. More so, our methodology may be useful to mon-

itor possible changes in mortality trends considering that access to the hospitals were opened

to everyone in the communities.

Recommendations and conclusion

The analyses and estimates we have presented are to support a better understanding on coun-

try-specific CoD in children under-five years old in a resource-limited setting, where vital

registration system is weak to provide valid estimates on CoD distribution among the popula-

tions. The current estimates on the CoD we have reported are consistent with diagnoses based

on medical declaration as ascertained by clinicians. Such estimates and information are needed

for the planning of child health priorities, possible intervention and subsequently, a baseline

for evaluation studies. In understanding the aetiology of the main primary causes of under-

five mortality in our study, we from this basis suggest possible steps needed to reach the

MDG4 objectives (Box 1).
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Our findings demonstrate that the main CoD among the inpatient deaths assessed in these

hospitals are either treatable or vaccine-preventable. This trend is consistent with previous

reports across developing countries. Therefore, scaling-up measures to reduce causes of

under-five deaths will demand sustainable efforts to enhance both treatment and disease pre-

vention strategies.

Supporting information
S1 Dataset.

(SAV)

Acknowledgments
We are grateful to all those who in one way or the other provided their support to the realisa-

tion of the manuscript. We are especially indebted to staff of the respective hospitals for their

Box 1. Recommendations on some essential points on reaching the
MDG4 goal in Cameroon

• Increase in health funding/budget to facilitate the amelioration of health infrastructure

and workforce through an enhanced community-based framework

• Establishment of a sustainable multi-sectoral approach to integrate child health, nutri-

tion and social welfare policies and programmes for poverty reduction, agricultural

improvements, food security and safety; upgrading of water, hygiene and sanitation

systems.

• The experience of Ethiopia [42] that was used as a case study to the 2015 MDG count-

down could be successfully applied to similar settings in Cameroon.

• Maternal factors such as education, dietary intake and nutritional status are strong

determinants to child health outcomes, which should be carefully considered.

• There is an eminent risk of an increase of the ‘triple burden of disease’ i.e. the concom-

itant high burden of infectious diseases, malnutrition and non-infectious diseases.

Appropriate cost-effective measures need to be established to counter this trend.

• Health administrators need to recognize what worked well and use lessons from the

MDGs to address challenges in future health interventions, and outline roadmaps to

achieve specific indicators

• Necessity to re-orientate targeted strategies, interventions and programmes by criti-

cally analysing evidence on the epidemiology of causes of death.

• Restructuring of health investment and financing mechanisms as an essential part of

health intervention.

• Educating the public to follow-up with the required rules so that proper registry can

be built for future generations

• Political commitment, such as the enforcement on the legislation of civil status regis-

tration systems and human resource training and mobilisation at the community level.

Assessing the causes of under-five mortality and proportion associated with pneumococcal diseases in Cameroon

PLOSONE | https://doi.org/10.1371/journal.pone.0212939 April 17, 2019 13 / 16



collaboration, to Dr. Mbah David of the Cameroon Academy of Sciences for his endless sup-

port and to my supervisor and mentor, Adjunct Prof. Arto A. Palmu of the National Institute

for Health andWelfare (THL), Finland for his interest in my academic and professional

growth.

Author Contributions
Conceptualization: John Njuma Libwea, Marie Kobela, Angeline Boula, Paul Koki Ndombo.

Data curation: John Njuma Libwea, Sandrine Rachel Bebey Kingue, Nadesh Taku Ashukem,

Marie Kobela, Angeline Boula, Koulla-Shiro Sinata, Paul Koki Ndombo.

Formal analysis: John Njuma Libwea, Nadesh Taku Ashukem.

Funding acquisition: John Njuma Libwea.

Investigation: John Njuma Libwea, Sandrine Rachel Bebey Kingue, Marie Kobela, Angeline

Boula, Koulla-Shiro Sinata, Paul Koki Ndombo.

Methodology: John Njuma Libwea, Nadesh Taku Ashukem, Marie Kobela, Paul Koki

Ndombo.

Project administration: John Njuma Libwea, Nadesh Taku Ashukem, Koulla-Shiro Sinata,

Paul Koki Ndombo.

Resources: John Njuma Libwea, Sandrine Rachel Bebey Kingue, Nadesh Taku Ashukem,

Marie Kobela, Angeline Boula, Koulla-Shiro Sinata, Paul Koki Ndombo.

Software: John Njuma Libwea.

Supervision: John Njuma Libwea, Sandrine Rachel Bebey Kingue, Marie Kobela, Angeline

Boula, Koulla-Shiro Sinata, Paul Koki Ndombo.

Validation: John Njuma Libwea, Sandrine Rachel Bebey Kingue, Marie Kobela, Angeline

Boula, Koulla-Shiro Sinata, Paul Koki Ndombo.

Visualization: John Njuma Libwea, Sandrine Rachel Bebey Kingue, Koulla-Shiro Sinata.

Writing – original draft: John Njuma Libwea.

Writing – review & editing: John Njuma Libwea, Sandrine Rachel Bebey Kingue, Nadesh

Taku Ashukem, Marie Kobela, Angeline Boula, Koulla-Shiro Sinata, Paul Koki Ndombo.

References
1. Sacarlal J, Nhacolo AQ, Sigaque B, Nhalungo DA, Abacassamo F, Sacoor CN, et al. A 10 year study of

the cause of death in children under 15 years in Manhiça, Mozambique. BMC Public Health. 2009;
https://doi.org/10.1186/1471-2458-9-67 PMID: 19236726

2. The Millennium Development Goals Report 2015. World Health Organization: Millennium Development
Goals & Health, Development and Poverty. New York 2006 [Internet]. New York; 2015. http://www.un.
org/millenniumgoals/2015_MDG_Report/pdf/MDG%202015%20rev%20%28July%201%29.pdf

3. Danzhen Y, Lucia H, Simon E, Jan Beise PI, World. Child Mortality 2015. UNICEFWHOWorld Bank Gr
United Nations. 2015; 74. www.childmortality.org

4. Perry HB, Ross AG, Fernand F. Assessing the causes of under-five mortality in the Albert Schweitzer
Hospital service area of rural Haiti. Rev PanamSalud Publica/Pan Am J Public Health. 2005.

5. Black R, Morris S B J. Where and why are 10 million children dying every year? Lancet. 2003; 361:
2226–34. https://doi.org/10.1016/S0140-6736(03)13779-8 PMID: 12842379

6. França EB, Passos VM de A, Malta DC, Duncan BB, Ribeiro ALP, Guimar es MDC, et al. Cause-spe-
cific mortality for 249 causes in Brazil and states during 1990–2015: A systematic analysis for the global

Assessing the causes of under-five mortality and proportion associated with pneumococcal diseases in Cameroon

PLOSONE | https://doi.org/10.1371/journal.pone.0212939 April 17, 2019 14 / 16



burden of disease study 2015. Popul Health Metr. 2017; https://doi.org/10.1186/s12963-017-0156-y
PMID: 29166948

7. GIVSGlobal Immunization Vision and Strategy [Internet]. 2006. www.miseenoeuvre.com

8. Palmu AA, Kilpi TM, Rinta-Kokko H, Nohynek H, ToropainenM, Nuorti JP, et al. Pneumococcal Conju-
gate Vaccine and Clinically Suspected Invasive Pneumococcal Disease. Pediatrics. 2015; https://doi.
org/10.1542/peds.2015-0458 PMID: 26077477

9. Institut Nationale de la Statistique. Cameroun Enqu te Démographique et de Santé et Indicateurs
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A B S T R A C T

Background: Streptococcus pneumoniae remains a major contributor to childhood infections and deaths
globally. In Cameroon, the 13-valent pneumococcal conjugate vaccine (PCV13) was introduced in July
2011, using a 3-dose Expanded programme on immunization (EPI) schedule administered to infants at 6,
10 and 14 weeks of age. To evaluate PCV13 effects, we assessed pneumococcal nasopharyngeal
colonization and serotype distribution among Cameroonian children after PCV13 introduction.
Methods: Nasopharyngeal (NP) swabs were collected from eligible children aged 24–36 months in two
cross-sectional surveys conducted from March to July: in 2013 (PCV13-unvaccinated), and in 2015
(PCV13-vaccinated). Using a systematic World Health Organization (WHO) cluster coverage sampling
technique in 40 communities, NP swabs collected were processed following WHO recommendations.
Standard bacterial culture techniques were used for the isolation of S. pneumoniae from gentamicin-
blood agar plates and identification using optochin susceptibility testing. Serotyping was performed
using sequential multiplex polymerase chain reaction, supplemented with Quellung test.
Results: Among the PCV13-vaccinated children, overall pneumococcal carriage prevalence was 61.8%
(426/689) and PCV13 vaccine-type carriage prevalence was 18.0% (123/689). Eleven out of the 13 vaccine
serotypes were detected in the vaccinated children. The most common serotypes were 19F (4.5%, 31/689)
and 15B/C (7.3%, 50/689).
Conclusion: In Cameroon, four years after infant vaccination nearly all of the PCV13-serotypes continued
to circulate in the population. This suggests that the direct and indirect effects of the vaccination
programme have not resulted in expected low levels of vaccine-type transmission. Continuous
monitoring is needed to assess the long term effects of the PCV13 on nasopharyngeal carriage and
disease.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Streptococcus pneumoniae with its over ninety serotypes
remains a major contributor to childhood infections and deaths
globally (Neves et al., 2013; CDC, 2006). Its reported burden of
morbidity and associated mortality is striking mostly in children in
resource-low settings, like Cameroon, who are most often exposed
to nasopharyngeal colonization (NP) shortly after birth

* Corresponding author at: Health Sciences Unit, Faculty of Social Sciences,
Tampere University, Finland.

E-mail address: libwea_j@yahoo.com (J. Njuma Libwea).

https://doi.org/10.1016/j.ijid.2020.06.048
1201-9712/© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

International Journal of Infectious Diseases 98 (2020) 113–120

Contents lists available at ScienceDirect

International Journal of Infectious Diseases

journal home page: www.elsevier .com/ locat e/ i j id



(Kwambana et al., 2011). NP colonization is a prerequisite for the
development of pneumococcal disease and a reservoir for
pneumococcal transmission in the community (Sleeman et al.,
2005). The ecological habitat of S. pneumoniae and other bacteria
including Haemophilus influenzae, Moraxella catarrhalis and/or
Staphylococcus aureus is the nasopharynx from where they can
spread into the lower respiratory tract or the bloodstream and
cause severe infections such as meningitis, sepsis or pneumonia
(Bogaert et al., 2004; Simell et al., 2012).

There is a paucity of data in most low-income countries on the
incidence of pneumococcal infections and other invasive diseases,
and the epidemiology of circulating pneumococcal serotypes in
either infant or adult populations (Kwambana et al., 2011; von
Gottberg et al., 2014; Grant et al., 2016; Hammitt et al., 2014;
Nzenze et al., 2013). However, a study on the epidemiologic pattern
of bacterial meningitis and pneumococcal serotype distribution in
Cameroon two years before vaccination reported the predomi-
nance of S. pneumoniae as the major pathogen among 170
hospitalized children with meningitis aged 2 months to 15 years
(Gervaix et al., 2012). The prevalence of pneumococcal nasopha-
ryngeal carriage in any healthy population in Cameroon has not
been documented.

The main reservoir and primary transmitters of the pneumo-
cocci are thought to be young children (Kwambana et al., 2011). To
understand the epidemiology and monitor the effects of the PCV
programmes, the pneumococcal nasopharyngeal carriage (NPC) in
children has often been used to assess the impact of the PCV on
vaccine-type carriage and replacement of vaccine-types with non-
vaccine serotypes (Weinberger et al., 2011). The reduction in
vaccine-type carriage decreases the transmission of the vaccine-
type disease. Serotype replacement, on the other hand, can reduce
the positive benefits of PCV when the non-vaccine types have
increased both in carriage and disease as has been previously
reported (von Gottberg et al., 2014; Weinberger et al., 2011;
Mackenzie et al., 2016; Hill et al., 2008). Therefore, it is essential to
evaluate the effects of PCV13 on NP carriage after vaccine
introduction, especially in a low-income country like Cameroon
where carriage prevalence and disease incidence are expected to
be high in younger children (Cutts et al., 2005; Hill et al., 2008).
Further, implementation of PCV programmes need to be monitored
continuously by an appropriate surveillance system, in order to
assess impact of vaccination and epidemiological shifts in disease
potentially related to it (Dunne et al., 2018). Where appropriate
surveillance systems are lacking as in Cameroon, carriage studies
have shown to be a cheaper alternative in assessing such changes
(Roca et al., 2013). We assessed NPC and serotype distribution in
PCV13-unvaccinated and PCV13-vaccinated children four years
after PCV13 introduction.

Methodology

Ethical consideration

The Institutional Review Boards (IRBs) of the Cameroon
National Ethics Committee and the Yaoundé Gynaecology,
Obstetric and Paediatric Hospital, approved the study. Signed
informed consent forms were obtained from all parents who
agreed for their children to participate in the study.

Pneumococcal conjugate vaccination implementation in Cameroon

In Cameroon, the 13-valent PCV was introduced in July 2011,
using a 3-dose EPI schedule administered to infants at 6, 10 and 14
weeks of age. There were no catch-up schedules for older children.
The PCV13 was included into the EPI based on recommendations
and financial support from WHO and the Global Vaccine Alliance

initiatives (GAVI) (WHO, 2019), respectively, without any baseline
data on NP carriage prevalence and invasive pneumococcal disease
(IPD) incidence in Cameroon. Since 2011, EPI uptake for the third
dose of diphtheria, pertussis and tetanus combination vaccine
(DPT3) has been over 80% (World Health Organization, 2018);
suggesting a high uptake of childhood immunization programmes
in Cameroon.

Study design

Two cross-sectional surveys were conducted to collect NP
swabs from children aged 24–36 months old, from March through
July in 2013 (PCV13-unvaccinated) and 2015 (PCV13-vaccinated),
in Yaoundé, Cameroon.

Characterization of the study population and sites

The study sites and population have been described previously
(Libwea et al., 2018). Briefly, they involved localities situated
within an 80 km radius from Yaoundé, Cameroon’s capital city.
Yaoundé and its surroundings harbour a population of over 3.5
million, out of which 18% are children aged under- five years, based
on 2010 National Population Census. The sites were chosen as they
constitute a group of health institutions described as the invasive
disease sentinel surveillance. Sites are partitioned into 40
communities (clusters) using the health map and with each
cluster hosting at least one health center/clinic, either public or
private.

Inclusion and exclusion criteria

Subjects included in the study were children aged 24–36
months old; PCV-unvaccinated (for the 2013 group) and PCV-
vaccinated (for the 2015 group); residing in the study area within
the last 6 months prior to sampling and had a signed parental
consent form. Children who did not show proof to have received at
least one dose of PCV13 were excluded in the 2015 round. The
proportion of children who had received 3 complete PCV13 doses
was 92.5% (637/689) and for 2PCV13 doses was 7.5% (52/689). In
both rounds, subjects with severe illnesses (e.g. malaria, sickle cell
conditions or infectious diseases) or on antimicrobial treatment at
the time of sampling were excluded.

Enrolment of subjects

In both surveys and in each study cluster, the first home to begin
subject enrolment was selected randomly depending on the
direction of pointer after spinning a pen at a central location e.g.
church premises or market square. Subsequent subjects were
enrolled through the WHO lot quality clustered sampling
technique after every 10th home to provide representation within
a cluster, and twenty-five children were targeted per cluster, as
earlier described (Libwea et al., 2018).

Upon recruitment, parents were asked to bring their children to
the study clinics where a pneumococcal nasopharyngeal sample
was collected. For three successive days prior to and including the
day of sampling, a community facilitator together with the study
personnel with authorisation from local leaders made a public
announcement to the community to inform or remind parents
about the study.

Data collection procedure

Study personnel provided oral information and obtained
informed consent from parents. Eligible subjects were then
sampled at the study clinics and standard case report forms were
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used to document demographic and clinical information following
parental/caretaker interview, and a NP swab was collected from
the child.

Pneumococcal nasopharyngeal samples and laboratory procedures

In accordance with WHO guidelines (Satzke et al., 2013), trained
study personnel collected deep nasopharyngeal swabs by means of
a sterile, flexible aluminum shaft and a dry cotton-wool tip
inserted through the nasal cavity reaching the posterior nasopha-
ryngeal area until some resistance was felt. The swab stayed fixed
for a couple of seconds before being slowly withdrawn. NP samples
were then inoculated immediately into vials containing 1.0 ml of
skim milk–tryptone–glucose–glycerol (STGG) transport medium
and placed in a cold box prior to transfer to the Mother and Child
Hospital (MCH) bacteriology laboratories (a radius-distance of
about 80 km from the study sites), within 8 h of collection
according to WHO recommendations (Satzke et al., 2013).
Inoculated vials were stored at �70 �C until they were transported
in dry ice containing boxes. The 2013 samples were transported
from Cameroon first to the National Institute for Health and
Welfare (THL), Oulu, Finland and the 2015 samples to THL, Helsinki,
Finland before they were all transported to the bacteriology
laboratories at the Institute of Biomedicine, Research Center for
Cancer, Infections and Immunity, University of Turku, Finland, for
bacterial isolation. However, during shipment from Cameroon to
Finland, the 2013 specimens were delayed for over two months at a
port of entry in Germany and were reportedly stored at �20 �C.

Isolation and identification of pneumococci from nasopharyngeal
samples

As previously reported (Kaijalainen and Palmu, 2015), in 2017
nasopharyngeal samples were cultured for the isolation of S.
pneumoniae. After thawing and passage through a vortex rotator
for thorough mixing, 10 ml of each specimen was pipetted and
inoculated on 5% sheep blood agar plate (for semi-quantitative
evaluation of the growth) and 5% sheep blood agar + 2.5 ml/ml of
gentamicin for isolation of S. pneumoniae. The plates were
incubated in 5% carbon dioxide atmospheric conditions at 35 �C
for 18–20 h. If no colonies appeared, the incubation was continued

for up to 48 h. Pneumococci were identified from both plates by
their morphological α-hemolytic characteristics and by optochin
sensitivity testing. From each sample, if several suspected
pneumococcal colonies appeared, up to four colonies were
confirmed and stored. The isolates were stored in 10% skimmed
milk-glycerol and sent in batches on dry ice for serotyping at the
bacteriology laboratory of THL, in Helsinki, Finland.

Serotyping of pneumococcal isolates

In accordance with a previously validated typing scheme (Siira
et al., 2012), based on sequential multiplex polymerase chain
reaction (mPCR) supplemented with Quellung test, when needed,
pneumococcal isolates were serotyped. In mPCRs, a primer pair
targeting the pneumococcal specific cpsA locus was used as an
internal control. The species of cpsA negative, Omni serum
negative suspected non-encapsulated (NC) pneumococci were
verified by lytA PCR. Serotypes were categorized as vaccine types
(VT: 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F), vaccine-
related serotypes (VRT: 6C, 7A, 7B, 7C, 9A, 9N, 9L, 18A, 18B,18F, 19B,
23A, and 23B), non-vaccine types (NVT) and NC pneumococci.
Serotypes 15B and 15C were reported together as 15B/C because of
the reversible capsule switching between these serotypes (Van
Selm et al., 2003). To assess for co-colonization by multiple
pneumococcal serotypes, randomly selected duplicate pneumo-
coccal isolates obtained from 13.5% (n = 70) of the swabs (15/108
isolates obtained from 2013 swabs and 55/406 isolates obtained
from 2015 swabs) were also serotyped. Although more colonies
were available for testing, we could only swab for 70 due to limited
resources.

Statistical analyses

The intention of the study was to compare 2013 and 2015 NP
samples but this was hampered by transport delays and
subsequent high temperature exposure which might have
compromised the 2013 samples. Based on literature, we assumed
the estimated carriage prevalence of any pneumococcus circulat-
ing in the population to be around 60% (Gervaix et al., 2012); the
proportion of vaccine-type pneumococci out of all: 62%, i.e. 37.2%
out of all subjects, expected reduction of carriage of vaccine-type is

Table 1
Comparison of baseline characteristics of 887 children 2–3 years old sampled in 2013 (PCV13-unvaccinated, n = 198) and in 2015 (PCV13-vaccinated, n = 689) for
nasopharyngeal specimens collected in Yaoundé, Cameroon.

Characteristics PCV13-unvaccinated Cohort (2013) PCV13-vaccinated cohort (2015) p-Value*
N (%) N (%)

Gender
Male 117 (59.1) 372 (54.0) 0.204
Female 81 (40.9) 317 (46.0)
No. of children <18years old in household
One 66 (33.3) 101 (14.7)
Two 56 (28.3) 175 (25.4) <0.0001
�Three 76 (38.4) 413 (59.9)
Respiratory symptoms within last 30 days prior to sampling
No 18 (9.6) 186 (27.0)
Yes, but the child has been symptomless for 1–7 days 155 (78.3) 433 (62.8)
Yes, but the child has been symptomless for 8–14 days 8 (4.1) 19 (2.8) <0.0001
Yes, but the child has been symptomless for 15–28 days 13 (6.6) 9 (1.3)
Unknown 3 (1.5) 42 (6.1)
Antimicrobial treatment within last 3 months prior to sampling
No 168 (84.8) 563 (81.7)
Yes but treatment stopped 1–2 months ago 8 (4.0) 35 (5.1) 0.59
Yes but treatment stopped 2–3 months ago 22 (11.1) 91 (13.2)
Source of cooking fuel (wood)
Yes 147 (74.2) 511 (74.2) 0.983
No 51 (25.8) 178 (25.8)

* p-Value estimates reflecting the difference in pneumococcal carriage status were computed using the Pearson Chi-square Test.
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at least 50% i.e. from 37.2% to 18.6% after vaccination. Using the
online tool http://statpages.org/proppowr.html, the minimum
sample size for this study was 101 subjects per group to achieve
80% power. However, to increase the study statistical power, more
subjects were sampled in 2015. We assessed pneumococci
serotype distribution after PCV13 implementation and used the
χ2-test to compare differences between the PCV13-vaccinated and
PCV13-unvaccinated groups (Tables 1 and 2). Statistical signifi-
cance level was set at 5%. The statistical software package SPSS
version 25.0 was used for analyses.

Results

Demographic and risk factors associated with pneumococcal carriage
in 2015 compared with 2013

Of the over 1250 potentially eligible subjects contacted in both
surveys, 887 were enrolled (71%). Altogether, 94 subjects were
excluded in the final analyses either because they were not within
the age range of 24–36 months or not residing in the study areas.
The remainder were excluded because of lack of signed parental
consent (n = 183) or due to severe illnesses (n = 54) or because they
were on antimicrobial treatment at the time of sampling (n = 32).
Nasopharyngeal swabs were collected from a total of 887 children

aged 24–36 months, 198 in 2013 (PCV13-unvaccinated) and 689 in
2015 (PCV13-vaccinated), from March through June of each year.
The demographic and risk factor variables are shown in Table 1. The
vaccine uptake in 2015 was high (88%) for the complete 3 PCV13
doses received (Table 3).

Pneumococcal carriage and serotype prevalence

A total of 540 primary pneumococcal isolates were initially
isolated from the 887 NP samples. The overall prevalence of S.
pneumoniae in the PCV13-unvaccinated group was 57.6 % (114/
198); VT, VRT and NVT pneumococci prevalence were 21.2%, 3.5%
and 27.8%, respectively. The overall nasopharyngeal S. pneumoniae
carriage prevalence for the PCV13-vaccinated children was 61.8%
(426/689). The prevalence was 18.0%, 5.4% and 31.2% for VT, VRT
and NVT pneumococci, respectively. Overall, 39 different serotypes
(Figure 1) were identified from the 540 pneumococcal isolates and
there were no major shifts in the serotype distribution between the
vaccinated and unvaccinated groups. Additionally, 6.8% (60/887)
were non-encapsulated (5.1% (10/198) in the PCV13-unvaccinated
and 7.3% (50/689) in the survey). In the unvaccinated, the most
frequent serotypes were 19F (7.1%, 14/198), 23F (5.1%, 10/198) and
15B/C (9.1%, 18/198). In the vaccinated, the most common
serotypes were 19F (4.5%, 31/689) and 15B/C (7.3%, 50/689); and
11 of 13 vaccine serotypes were detected (Table 2). Serotypes 4 and
5 were only detected post-PCV13 introduction (0.5% and 0.2%,
respectively) and this was probably due to differences in number of
samples obtained between the two periods and/or storage of
baseline samples under temperatures not suitable for pneumo-
cocci viability, whereas vaccine serotypes 1 and 7F or the cross-
reactive 6C were not detected in either groups. Further, other
microbes including H. influenzae, S. aureus, M. catarrhalis and beta-
hemolytic Streptococci were detected (Figure 2).

Detection of multiple-serotype colonization

Multiple serotypes were detected in 11.4% (8/70) of the swabs
tested and a single serotype in the rest of the 62/70 (88.6%) swabs.
In three cases, the first isolate was serotype 3 and the second
isolate non-encapsulated (NC) pneumococcus. The other double
serotype findings were 21/19B, 19F/9N, 14/6B, 19F/33F and 15C/
33B. However, due to limited resources only 13.5% (70/514) of the
second isolates could be randomly screened for co-colonization.

Discussion

PCV13 infant vaccination in Cameroon using a 3 + 0-dose EPI-
schedule at 6, 10 and 14 weeks of age resulted in an 18% prevalence
for vaccine-type pneumococci and the overall pneumococcal
carriage prevalence among the vaccinated children was 61.8%.
Further, eleven of the thirteen vaccine serotypes were detected
among vaccinated children in 2015, four years after vaccine
introduction.

Reductions in vaccine-type pneumococci carriage have previ-
ously been demonstrated elsewhere among the vaccinated and the
unvaccinated populations following PCV vaccination (Grant et al.,
2016; Hammitt et al., 2014; Nzenze et al., 2013; Palmu et al., 2017;
de Cunto Brandileone et al., 2016; Collins et al., 2017; Roca et al.,
2011; Flasche et al., 2011). In comparison to other studies
conducted in Africa (Table 3), four years after PCV7 implementa-
tion in The Gambia, a 13.3% reduction in VT-pneumococci
proportion was observed among children in the 2–5 year age
group, with an over 90% vaccine uptake (Roca et al., 2013). In Kenya
where the impact of PCV10 was assessed two years after its
introduction, a 19.1% reduction in VT-pneumococci proportion in
children younger than five years was reported (Hammitt et al.,

Table 2
Prevalence of pneumococcal serotypes in the unvaccinated (2013) and vaccinated
(2015) children 2–3 years old in Yaoundé, Cameroon.

Serotype Unvaccinated group Vaccinated group

N = 198 (%a) N = 689 (%)

N % n %

Vaccine-serotypes
1 – – – –

3 1 0.5 9 1.3
4 – – 2 0.3
5 – – 1 0.2
6A 7 3.5 16 2.3
6B 5 2.5 19 2.7
7F – – – –

9V 1 0.5 3 0.4
14 2 1.0 22 2.8
18C 1 0.5 1 0.2
19A 1 0.5 6 0.9
19F 14 7.1 31 4.5
23F 10 5.1 15 2.2
Sub-total 42 21.2 124 18.0

Vaccine-related serotypes
7C 1 0.5 3 0.4
9L 1 0.5 1 0.2
18A – – 2 0.3
19B 4 2.0 13 1.9
23A – – 3 0.4
23B 1 0.5 15 2.2
Sub-total 7 3.5 37 5.4

Non-vaccine serotypes
15A 3 1.5 22 3.0
15B/C 18 9.1 50 7.3
21 6 3.0 9 1.3
34 6 3.0 18 2.6
38 4 2.0 23 3.3
OTHERSb 18 11.6 93 14.2
Sub-total 55 27.8 215 31.2
NC 10 5.1 50 7.3
Total 114 57.6 426 61.9

a Prevalence of serotype-specific carriage (Number of serotype detected divided
by total number of samples); NC = non-encapsulated pneumococci; % = percent; n =
number.
b In the NVT category, only the most prevalent serotypes have been presented

individually. The rest for analytical purposes were grouped as “OTHERS”. However,
all individual serotypes are outlined in Figure 1.
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2014), with about 80% vaccine uptake. Additionally, results on the
impact of PCV have been similar in studies which have either
involved catch-up programmes for older populations or not. In
both the Kenyan and Gambian studies, PCV implementation was
rolled-on along with a catch-up plan. Whereas, in South Africa,
without a catch-up campaign a 32% reduction in VT-pneumococci
proportion was noted in all study age groups, including unvacci-
nated children aged 2–5 years. This was achieved within two years
following PCV7 introduction and when only about 51% of the
targeted infant population were fully immunized with a primary 2
dose series at 6 and 14 weeks after birth, followed by a booster dose
at age 9 months (Nzenze et al., 2013).

The significant reductions in PCV7/PCV10/PCV13-serotypes
observed in studies from the Gambia (Roca et al., 2011; Roca
et al., 2015), South Africa (Nzenze et al., 2013) and Kenya (Hammitt
et al., 2014) in both vaccinated and unvaccinated children are
reported to have resulted from the direct and indirect effects of the
PCV following a reduced transmission and acquisition of vaccine

serotypes, which made children less vulnerable to subsequent
carriage of vaccine-type pneumococci (Hammitt et al., 2014;
Madhi, 2013). This finding was not clearly observed in our
vaccinated cohort four years after PCV13 implementation. It
suggests that the direct and indirect effects of the PCV13 have not
resulted in expected low levels of vaccine-type transmission in our
setting. This suggests that the Cameroon EPI schedule has not been
able to block the transmission of vaccine type circulation. Absence
of a booster PCV13 dose and waning effects may have contributed
to the lower impact on carriage in this age group, as the vaccine is
given on a 3 + 0 schedule early in infancy (6, 10 and 14 weeks of
age). Recent data from Burkina Faso and Kenya, in addition to
earlier reports from South Africa, suggest a switch to a 2 + 1
schedule in which the middle dose is given at 9–12 months along
with the measles vaccine could lead to a longer duration of
protection (Hammitt et al., 2019; Kambire et al., 2016; Madhi and
Nunes, 2016).

Pneumococcal carriage is most prevalent in children, and its
progression to disease has been reportedly influenced by predis-
posing risk factors such as overcrowding and upper respiratory
tract symptoms (Auranen et al., 2016). Further, the risk of carriage
acquisition has been demonstrated to be almost three times higher
in association with the onset respiratory infection compared to
health (Auranen et al., 2016). There were significant differences in
the number of household children and in the different classes of
respiratory symptoms among the children vaccinated and those
not vaccinated (Table 1). These suggest that the unchanged overall
pneumococcal carriage prevalence obtained in our study may have
been influenced by children living in homes with one or more
children under 18 years, and/or with respiratory symptoms, who
were more likely to carry and transmit pneumococci than those
without.

In summary, a considerable effect on VT-pneumococci coloni-
zation with vaccine uptake in the range of 50 to >90%, 1.5–4 years
post-PCV introduction has generally been observed in these
African studies, with or without catch-up campaigns. The Kenyan
and Gambian randomized control trials and follow-up ecological
studies reported VT-pneumococci proportions of 19.1%, 17.3% and
13.3% after the vaccine introduction, respectively (Hammitt et al.,
2014; Roca et al., 2013; Roca et al., 2011); compared to the 29.1%
obtained in our study. However, in a South African study (Nzenze

Figure 1. Serotype-specific prevalence among pneumococci carriage isolates in 2013 (PCV13-unvaccinated, n = 198) and in 2015 (PCV13-vaccinated, n = 689) cohorts of 2–3
years old children in Yaounde, Cameroon.

Figure 2. Prevalence of bacterial species isolated from NP swabs in 2013 (PCV13-
unvaccinated) and 2015 (PCV13-vaccinated) cohorts of 2–3 years old children in
Yaounde, Cameroon.
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et al., 2013), VT-pneumococci proportion was higher (32%), but this
may be as a result of only 51% of eligible subjects having completed
the schedule of 3 PCV doses. Our findings are surprising and
possible explanations for the differences in VT-pneumococci
proportion may include lower vaccine impact, age at sampling,
variations in the nasopharyngeal microbiome and/or secular
trends. For instance, changes in HIV treatment regimens in South
Africa and a community-wide azithromycin campaign in the
Gambia are thought to have influenced the high vaccine effects in
these countries (Hammitt et al., 2014; Roca et al., 2013; Roca et al.,
2011).

The main strength of our study was the application of the WHO
cluster sampling design which involved a systematic recruitment
of all subjects from the same communities following the same
procedures including sampling period/time and age range.

A major caveat in this study stems from the storage of NPS
specimens (2013 collection) in a European port of entry not within
the recommended laboratory conditions of �70 �C for over two
months (Satzke et al., 2013; Kaijalainen and Palmu, 2015; Hill et al.,
2016). This may have affected the viability of pneumococci in these
samples (Satzke et al., 2013; Kaijalainen and Palmu, 2015; Hill et al.,
2016). However, the overall pneumococcal carriage prevalences
were nearly identical during both periods, yet variations in the
prevalence for other bacteria, especially non-typeable H. influenzae
(Figure 2) were observed. This suggests that our baseline carriage
prevalence was probably under-estimated and therefore, no
comparison between the vaccinated and non-vaccinated was
performed. Moreover, our study used a different methodology in
which PCV impact was assessed from a baseline of PCV13-
unvaccinated 24–36 months old children, when routine vaccina-
tion had already been rolling for nearly two years. Therefore, the
unvaccinated group was exposed to early indirect effects following
routine infant vaccination (Roca et al., 2011). However, the indirect
effects develop gradually, and the PCV13 uptake was low during
the first 2 years of implementation (mean coverage for 2011 and
2012 was <55%) (World Health Organization, 2018).

In conclusion, the reported reductions in VT-pneumococci
proportion are lower in our study compared to expected levels
based on previous reports in similar settings. These suggest that
either the vaccination programme with the 3 + 0-dose schedule is
not eliciting sufficient protection against transmission of vaccine
serotypes or there are programmatic challenges with the
programme (Roca et al., 2015; Madhi and Nunes, 2016; Nzenze
et al., 2015). More so, pneumococcal carriage is a precursor to
invasive pneumococcal disease (IPD) (Sleeman et al., 2005) and as
postulated by Boula et al., the prevalence of non-PCV13 serotypes
among paediatric bacterial meningitis cases in Cameroon may play
an increasing role in disease aetiology in the PCV13 era (Boula et al.,
2019). Such findings as obtained in our study are important to
identify which serotypes show increased propensity for IPD as well
as in clinical practice and regulations on antibiotic prescription.
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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

https://doi.org/10.1016/j.ijporl.2018.10.007
Received 7 June 2018; Accepted 3 October 2018

∗ Corresponding author. Faculty of Social Sciences, University of Tampere, FI-33014, Finland.
E-mail addresses: Libwea_j@yahoo.com, john.njuma.libwea@staff.uta.fi (J.N. Libwea).



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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Figure 1. Study profile of subjects on the assessment of PCV13 effect on otitis media   
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