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Background: Pneumococcal vaccination has become obligatory due to the enormous burden of 

pneumococcal diseases. Quite recently, pneumococcal conjugate vaccines have been developed, 

and have been shown to be superior to the previous polyvalent polysaccharide vaccine of the 

organism. Pneumococcal conjugate vaccines (PCVs) are being introduced in many West African 

countries and it is important to understand the expected performance, relevance, and limitations 

of these vaccines in the subregion.

Aim: The objective of the study presented here was to provide epidemiological insights into 

PCVs in West Africa based on the prevailing pneumococcal serotypes in the subregion.

Methods: A systematic review was carried out on pneumococcal serotypes causing invasive 

and noninvasive diseases in West Africa. Studies included in the review were those that reported 

at least 20 serotyped pneumococcal isolates and which were conducted prior to the introduc-

tion of PCVs in the region in 2009. The proportion of pneumococcal disease associated with 

each serotype as well as the serotype coverage of various PCVs (PCV7, PCV10, and PCV13) 

were calculated.

Results: The data covered 718  serotyped pneumococcal isolates from six West African 

countries: Burkina Faso, Ghana, Nigeria, Mali, Senegal, and The Gambia. The 718 isolates 

covered more than 20 serotypes. Serotype 1 was the most prevalent serotype (32%), followed 

by serotype 5 (15%), serotype 6 (7%), serotype 2 (6%), serotype 3 (6%), and serotype 12 (5%). 

The estimated serotype coverage of PCVs among the West African countries was 2%–36% for 

PCV7, 39%–80% for PCV10, and 65%–87% for PCV13.

Conclusion: A pneumococcal capsular vaccine for use in West Africa must contain sero-

types 1 and 5, the most important serotypes responsible for pneumococcal disease in the region. 

Consequently, while PCV10 and PCV13 are generally suitable for use in West Africa, PCV7 

is unsuitable.

Keywords: pneumococcus, conjugate vaccines, serotype, PVC10, PVC13, pneumococcal 

disease, Streptococcus pneumoniae

Introduction
Pneumococcus is a major cause of several invasive and noninvasive diseases including 

pneumonia, meningitis, septicemia, sinusitis, and acute otitis media. Though a global 

problem, pneumococcal disease is more of a burden in the developing world, where 

children less than 5 years old are most affected, and the organism is responsible for 

10%–20% of all deaths in this age group.1,2 The burden of pneumococcal diseases is 

further compounded by the trend of increasing antibiotic resistance exhibited by the 

organism, especially multiple drug resistance.3
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Thus, pneumococcal vaccines have become obligatory 

owing to the enormous problem posed by pneumococcal 

disease. At present, two types of pneumococcal vaccines are 

available, the polysaccharide (unconjugated) vaccine and the 

recently developed conjugate vaccines (Table 1). The polysac-

charide vaccine has 23 serotypes, and has an average good 

efficacy in protecting against these serotypes of ∼60%–70%.1 

However, its usefulness is limited in the elderly and immu-

nocompromised individuals, as the duration of protection is 

short.1 Additionally, infants respond poorly to the vaccine 

and it induces no herd effect.1 Most of these limitations have 

been overcome by the newly introduced conjugate vaccines, 

in which purified capsular polysaccharides are conjugated to 

a nontoxic variant of diphtheria toxin. Pneumococcal conju-

gate vaccines (PCVs) consist of 7–13 capsular serotypes of 

Streptococcus pneumoniae and have been shown to have a 

high efficacy against infections in children.1,4–6 In addition, 

the conjugate vaccines have a relatively higher potential to 

control the serotypes most commonly associated with mul-

tiple drug resistance.1

In West Africa, pneumococcal diseases and outbreaks 

are relatively common,7–10 which may partly be due to the 

high pneumococcal carriage rates in West Africa and the 

prevalence of risk factors such as overcrowding that favor 

transmission of the organism.10–14 Given the impact of 

pneumococcal diseases in West Africa, the importance of 

introducing routine pneumococcal vaccination in the region 

cannot be overemphasized. Massive vaccination with PCVs, 

particularly among children, is expected in West Africa, as 

many countries in the subregion have officially expressed 

interest in introducing the vaccines into their national child-

hood immunization programs.15 In view of this, it is impor-

tant to understand the expected performance, relevance, 

and limitations of the vaccines in a West African context, 

based on the prevailing pneumococcal serotypes in the West 

African region. In this paper, we provide epidemiological 

insights into PCVs in West Africa, thus providing policy-

relevant information and directions for future research on 

the subject.

Methods
The study reported here employed a systematic review 

approach using the Preferred Reporting Items for System-

atic Reviews and Meta-Analyses (PRISMA) guidelines.16 

A search was conducted in relevant databases to identify, 

locate, and retrieve the required data for the study. The 

keywords “Streptococcus pneumoniae” or “pneumococcus” 

were used to review all references on S. pneumoniae that 

were geographically linked to West African countries, and 

databases searched included PubMed, ISI Web of Knowl-

edge, and African Journals Online. In the study reported 

here, the definition of “West Africa” was based on the United 

Nations’ subregional grouping. The inclusion criteria of the 

systematic review were articles that reported pneumococcal 

serotype data from invasive or noninvasive disease cases in 

West Africa and which were conducted prior to the introduc-

tion of PCVs in the region in 2009. The systematic review 

was not limited to any age group or specific demographic 

features, but articles that investigated selected serotypes or 

reported fewer than 20  serotyped pneumococcal isolates 

were excluded.

Data extracted from the articles that fulfilled the inclu-

sion criteria of the study were pneumococcal serotype, 

patient age, patient sex, clinical diagnosis, and country. 

Analysis of the data involved descriptive statistics, while 

significant associations of relevant variables were assessed 

at a level of P , 0.05. The proportion of pneumococcal 

disease associated with each serotype as well as the serotype 

coverage of various PCVs (PCV7, PCV10, and PCV13) were 

calculated. The contribution of each pneumococcal serotype 

to disease was calculated independent of the other serotypes. 

The relationship between pneumococcal serotypes and 

different age groups was investigated, but this was limited 

to each country’s data due to the extensive heterogeneity 

of age groups reported by the various articles used in the 

study. In calculating the vaccine coverage of pneumococcal 

Table 1 Features of Streptococcus pneumoniae polysaccharide and 
conjugate vaccines

Vaccine feature Polysaccharide 
vaccines 
(unconjugated)

Conjugate 
vaccines (protein 
+ saccharide)

Efficacy for prevention of  
invasive disease in infants  
,2 years old1

No Yes

Vaccine licensed for usage  
in infants ,2 years old1,4

No Yes

Ability to prevent invasive  
disease in adults and  
children .2 years old1,5

Yes Yes

Recommended for usage  
in high-risk populations1,6

Yes Yes

Ability to generate T-cell  
memory4,6

No Yes

Ability to prevent  
colonization with vaccine  
serotypes1

No Yes

Number of serotypes  
in vaccine4,5

23 7–13
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serotypes, data that reported serogroups rather than specific 

serotypes were excluded. The serotype coverage of a PCV 

formulation was defined as the sum of the proportion of 

serotypes of the vaccine type.Vaccine serotype coverage 

was multiplied by the incidence and mortality estimates for 

pneumococcal disease to estimate vaccine impacts for the 

various PCV formulations.

Results
Figure  1 is a flowchart summarizing article retrieval, as 

well as stepwise inclusion and exclusion of articles in the 

systematic review. A total of 15 original research articles 

have reported on serotypes of pneumococcal diseases in 

West Africa: three from Ghana, three from Burkina Faso, 

two from Nigeria, two from Senegal, one from Mali, and 

four from The Gambia. Nine of the articles met the inclu-

sion criteria of the systematic review, but three of these were 

excluded as they investigated or reported selected serotypes 

(Table 2). The six studies included in the systematic review 

cover seven West African countries (Burkina Faso, Togo, 

Senegal, Ghana, The Gambia, Nigeria, and Mali), span a 

period of 27 years (1978–2005), and involved 1,970 pneu-

mococcal disease cases and 932 pneumococcal mortality 

cases (inferred from Table 2).

The systematic review involved 718 S. pneumoniae 

serotyped isolates representing the six countries of data 

collection (Tables  2 and 3). As shown in Table  3, over 

30 pneumococcal serotypes are involved in disease in West 

Africa and between eight and 28 serotypes may be represented 

in a country. Serotype 1 was the most prevalent serotype in 

pneumococcal disease, accounting for 32% of the serotypes 

that caused various diseases, followed by serotype 5 (15%).  

Serotypes 1 and 5, along with serotypes/serogroups 6 (7%), 

2 (6%), 3 (6%), and 12 (5%), represented a prevalence of 

71%. In children (usually ,5 years), the most important 

serotypes of invasive disease were 5, 6A, 1, and 14, while, 

in older people, serotype 1 was the main serotype associated 

with invasive disease. Serotypes 23, 19, and 12 tend to have 

limited geographical distribution in West Africa, but could be 

quite prevalent in the countries where they occurred. A large 

number of serotypes/serogroups (20, 21, 22A, 24A, 29, 33F, 

35, 38, 40, 45, 46, and 48) had very low prevalence (,1%) in 

disease and very limited geographical distribution, occurring 

usually in one country. Comparison of the top three serotypes 

country by country revealed that the top three serotypes in 

Burkina Faso were the same as the top three serotypes in Sen-

egal: serotypes 1, 5, and 6. The top three serotypes in Ghana 

(1, 3, and 8) were similar to those in Nigeria (1, 3, and 5). The 

top three serotypes in The Gambia (14, 12F, and 19A) and in 

Mali (5, 2, and 7F) were more diverse from the serotypes in 

other West African countries.

The serotype coverage of three PCVs (PCV7, PCV10, 

and PCV13), based on the serotype distribution data of 

the articles included in the systematic review, is shown in 

Figure 2. The overall serotype coverage for the vaccines in 

West Africa was 12% for PCV7, 68% for PCV10, and 79% 

for PCV13. Across the different West African countries, 

serotype coverage for PCV7 was 2%–36%, serotype cover-

age for PCV10 was 39%–80%, and serotype coverage for 

PCV13 was 65%–87%. The highest serotype coverage of 

PCV10 and PCV13 occurred in Ghana. The Gambia had 

the highest serotype coverage of PCV7 and also the least 

serotype coverage of PCV13. The least serotype coverage 

of PCV7 and PCV10 occurred in Nigeria and Burkina Faso, 

respectively. Generally, for each conjugate vaccine type, 

there were no significant differences in serotype coverage 

among the different West African countries at P , 0.05.

As can be inferred from Table 2, there were 1,970 pneu-

mococcal disease cases and 932 pneumococcal mortality 

cases; the estimated public health impact of PCVs based 

on these data is illustrated in Figure 3. A total of 236 of the 

1,970 cases were caused by PCV7 serotypes; the additional 

serotypes in PCV10 and PCV13 were responsible for 1,104 

(1,340 minus 236) cases and 1,320 (1,556 minus 236) cases, 

respectively. A total of 112 pneumococcal mortality cases 

Records identified through database
searching
(n = 197)

Records screened
(n = 197)

Records excluded after reading
abstracts and removing

duplications
(n = 182)

Full-text articles assessed
for eligibility

(n = 15)

Full-text articles excluded,
with reasons

(n = 9)

Studies included in
systematic review

(n = 6)

Figure  1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) flow diagram of the systematic review.
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is estimated to be able to address 54%–75% of invasive 

pneumococcal disease among children less than 5 years old, 

with the lowest estimated coverage in Asia and Africa.22 In 

West Africa, the low serotype coverage of PCV7 (2%–36%), 

as observed in this study, is because the vaccine does not 

contain two of the most prevalent serotypes, 1 and 5, which 

contribute to severe pneumococcal disease in the subregion. 

As such, it is clear that this vaccine may not be the most suit-

able choice for West African countries. PCV7 has actually 

now been discontinued and is no longer in use. However, the 

data on PCV7 in this study are important as they illustrate 

the key point that a pneumococcal capsular vaccine without 

serotypes 1 and 5 is likely to be of little benefit in the West 

African region.

PCV10 was licensed in 2008 and introduced in 2010.22 

As observed in this study, in West Africa, the serotype cover-

age of PCV10 (39%–80%) is considerably higher than that 

of PCV7 (2%–36%), which is mainly due to it including 

serotypes 1 and 5.

PCV13 was licensed in 2009 and made available in devel-

oping countries in 2012.3,22 PCV13 has an appreciably high 

coverage in West Africa (65%–87%) because, unlike PCV10, 

as well as serotypes 1 and 5, this vaccine also contains 

serotypes 3 and 6A, which are prominent in pneumococcal  

disease in some West African countries.

Cross-protection against serotype 6A is provided by 

serotype 6B, which is contained in both PCV10 and PCV13. 

Thus, the practical difference in serotype coverage between 

PCV10 and PCV13 in West Africa would be more associated 

with serotype 3. In this study, serotype 3 occurred in Ghana, 

Senegal, and Nigeria but not in Burkina Faso, Mali, or The 

Gambia. Thus, in West African countries where serotype 3 is 

absent or not prominent in invasive disease, PCV10 may be a 

Table 2 Epidemiological features of studies that satisfied inclusion criteria of the systematic review

Study Country ST Period Age of  
subjects, y

Setting Specimen(s) Pneumo  
cases

Pneumo  
deaths

Traore et al27,* B Faso/Togo PT 2002–2006 C/A Rural and urban CSF 463 171
Cadoz et al28 Senegal RT 1970–1979 ,2 Urban CSF 983 583
Leimkugel et al29 Ghana PT 1998–2003 C/A Rural CSF 117 51
Enwere et al30 Gambia PT 2000–2004 ,2.5 Rural CSF, blood, aspirates 116 19
Onyemelukwe and  
Greenwood31

Nigeria PT 1978–1980 ,5 Urban CSF, aspirates, sputum 300 83

Campbell et al32 Mali PT 2002–2003 ,5 Urban CSF, blood, aspirates 106 25
Adegbola et al33,** Gambia PT 1996–2003 C/A Rural and urban CSF, blood, aspirates 531 55
Antonio et al34,** Gambia RT 1996–2005 C/A Rural and urban CSF, blood, aspirates 127 None stated
Yaro et al35,** B Faso PT 2002–2005 C/A Rural CSF 249 115

Notes: *Serotyping was limited to isolates from Burkina Faso; no isolates from Togo were serotyped; **excluded from systematic review due to the study investigating or 
reporting selected serotypes.
Abbreviations: B Faso, Burkina Faso; C/A, children/adults; CSF, cerebrospinal fluid; pneumo, pneumococcus disease; PT, prospective; RT, retrospective; ST, surveillance 
type; y, years.

were caused by PCV7 serotypes, while the extra serotypes 

in PCV10 and PCV13 caused 522 (634 minus 112) deaths 

and 624 (736 minus 112) deaths, respectively.

Discussion
Based on data analyzed in this study from various West Afri-

can countries, pneumococcal serotypes causing disease vary 

from country to country, however two major serotypes (1, 5) 

and four minor serotypes (2, 6, 3, and 12) tend to occur in 

the subregion. Across all Africa, serotypes 1, 5, 6A, 6B, 14, 

19A, 19F, and 23F have been identified as the major causes 

of pneumococcal disease.17 The burden of pneumococcal 

disease is relatively greater in children less than 5 years old, 

and, as shown in this West African study, many more pneu-

mococcal serotypes are involved in pediatric disease than in 

older people, making the control of pneumococcal disease 

in the former more difficult. The major serotypes causing 

pediatric pneumococcal disease in West Africa (6A, 5, 14, 

1, and 3) are generally similar to those that do so in other 

regions in Africa,18,19 but may contrast considerably with the 

pediatric serotypes (6B, 19F, 18C, 23F, 4, and 9V) in non-

African regions, such as Europe and the USA.20,21

Currently, PCVs are being introduced in several West 

African countries, and it is encouraging that up to 79% of 

the pneumococcal serotypes responsible for various diseases 

in the subregion may be covered by these vaccines. It is 

worthwhile to discuss the vaccines individually, as they have 

been made available at different times and because only one 

vaccine type may be used in a country.

PCV7 was the first of the three vaccines to be introduced 

in developing countries in 2008.4,22 Prior to this, it had been 

in use in some industrialized countries, such as the UK, 

the USA, and several European countries. Globally, PCV7 
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Table 3 Streptococcus pneumoniae serotypes isolated from various diseases cases in West Africa

Burkina Faso Senegal Ghana Gambia Nigeria Mali Total

Age, y ,5 $5 ,2 $2 ,5 $5 ,2.5 ,5 ,5

Serotype
1 3 (17%) 18 (60%) 10 (9%) 90 (63%) 2 (33%) 51 (80%) 8 (6%) 45 (35%) 2 (2%) 229 (32%)
2 3 (17%) 15 (14%) 3 (2%) 1 (,1%) 7 (5%) 13 (14%) 42 (6%)
3 6 (5%) 8 (6%) 2 (33%) 2 (3%) 25 (19%) 40 (6%)
4 3 (2%) 2 (2%) 5 (,1%)
5 3 (17%) 23 (21%) 8 (6%) 11 (9%) 12 (9%) 52 (54%) 109 (15%)
6 14 (13%) 13 (9%) 3 (3%) 48 (7%)*
6A 5 (28%) 1 (2%) 6 (5%)
6B 1 (6%) 5 (4%)
7 1 (3%) 12 (2%)
7F 1 (2%) 10 (10%)
8 4 (6%) 2 (2%) 6 (,1%)
9 6 (5%) 2 (1%) 1 (,1%) 21 (3%)*
9L 5 (4%)
9V 4 (3%) 3 (3%)
10 1 (6%) 1 (,1%) 3 (,1%)*
10F 1 (2%)
11 1 (,1%) 1 (,1%)
12 3 (2%) 35 (5%)*
12A 1 (3%) 9 (8%) 6 (4%)
12B 1 (3%) 1 (,1%)
12F 2 (3%) 12 (10%)
14 2 (7%) 5 (5%) 2 (1%) 2 (33%) 1 (2%) 20 (16%) 1 (1%) 33 (5%)
15 1 (,1%) 1 (,1%)
16F 4 (3%) 4 (,1%)
17 3 (2%) 3 (,2%)
18 4 (4%) 2 (1%) 7 (5%) 15 (2%)*
18C 1 (,1%)
18F 1 (, 1%)
19 4 (3%) 36 (5%)*
19A 1 (3%) 4 (4%) 4 (3%) 12 (10%)
19F 1 (3%) 2 (2%) 8 (8%)
20 1 (,1%) 1 (,1%)
21 1 (6%) 2 (2%) 1 (,1%) 4 (,1%)
22A 2 (2%) 2 (,1%)
23 14 (13%) 5 (3%) 2 (2%) 32 (5%)*
23F 11 (9%)
24A 1 (6%) 1 (,1%)
25 3 (2%) 7 (1%)*
25A 2 (7%)
25F 2 (7%)
29 1 (,1%) 1 (,1%)
33F 2 (2%) 2 (,1%)
35A 2 (2%) 3 (,1%)*
35B 1 (,1%)
38 1 (2%) 2 (2%) 3 (,1%)
40 1 (,1%) 1 (,1%)
41 5 (4%) 5 (1%)
45 1 (,1%) 3 (2%) 4 (,1%)
46 3 (2%) 2 (2%) 5 (,1%)
48 1 (,1%) 1 (,1%)
NT 1 (3%) 1 (,1%)
Total 18 (100%) 30 (100%) 110 (100%) 143 (100%) 6 (100%) 64 (100%) 127 (100%) 129 (100%) 92 (100%) 718 (100%)
Study Traore et al27 Cadoz et al28 Leimkugel et al29 Enwere et al,30  

Antonio et al36

Onyemelukwe and  
Greenwood31

Campbell et al32

Notes: Percentages were determined column-wise. *Total for serogroup.
Abbreviations: NT, non-tyepable; y, years.
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suitable pneumococcal vaccine and in countries in which sero-

type 3 is important, PCV13 might be the preferred option.

It is important to note that serotype distribution may not 

be the only factor affecting pneumococcal vaccine choice 

and that other factors may also be important depending on 

the context.23,24

It is also worth noting from this study that, in most 

West African countries, ∼30% of serotypes causing inva-

sive disease are not covered by PCV13 (the conjugate 

vaccine with the highest number of serotypes in current 

use). Serotypes in this group are more heterogeneous and, 

epidemiologically, may be difficult to control without vac-

cination strategies.

Another type of pneumococcal vaccine, the unconjugated 

polysaccharide vaccine, was the main S.pneumoniae vac-

cine in use until the development of PCVs. In that vaccine, 

there are eleven serotypes (2, 8, 9N, 10A, 11A, 12F, 15F, 

17F, 20, 22F, and 33F) not included in PCVs. In the West 

African context, these serotypes make little contribution to 

pneumococcal disease, so the unconjugated polysaccharide 

vaccine would probably be of little use in West Africa in the 

era of PCVs.

In addition to vaccine serotype coverage estimates, this 

study also provides estimates of pneumococcal disease 
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incidence and mortality associated with the serotypes of 

various PCVs, thus allowing us to project the potential 

public health impact of the various vaccine formulations 

in West Africa. However, these data need to be interpreted 

with caution due to the small number of countries with 

the requisite data for inclusion in the study. Generally, our 

data shows that because pneumococcal disease incidence 

and mortality are so high in West Africa, PCVs (PCV10/

PCV13) could have a tremendous impact in the subregion. 

Pneumococcal disease is the leading vaccine-preventable 

disease among children less than 5 years old, and once the 

appropriate vaccines are made available in the high disease 

burden region of West Africa, this will contribute to achiev-

ing Millennium Development Goal 4, which is to reduce 

child mortality by two-thirds.1,2,17

Although PCVs seem to offer hope in reducing the pneu-

mococcal disease burden, especially in the developing world, 

where the brunt of the disease burden is borne, potential 

problems with the vaccines are anticipated. Capsular switch-

ing, which has been reported among pneumococci, may lead 

to evasion of vaccine-conferred immunity. Another potential 

problem is serotype replacement, where serotypes not con-

tained in the vaccine become relatively more prevalent in 

disease or carriage as a result vaccination. Serotype replace-

ment has been reported for PCV7 in several industrialized 

countries such as the USA25,26 and is also expected to occur 

in the developing world when the vaccines are introduced. 

Serotype replacement underscores the need for post-vaccine 

introduction surveillance to monitor the impact of the vac-

cine and any shifts in the serotype distribution in the area 

of its use. Additionally, given the limitations of current 

pneumococcal vaccines, further efforts toward developing 

improved pneumococcal vaccines should be pursued. In the 

West African context, perhaps efforts related to the develop-

ment of conjugate vaccines should target only the serotypes 

not covered by current pneumococcal vaccines, which are 

more heterogeneous. Such vaccines would complement the 

current conjugate vaccines (PCV10 and PCV13) and con-

tribute immensely to the control of invasive pneumococcal 

disease in the region.

This study has a few limitations. First, pneumococcal 

serotype distribution may have changed in some of the West 

African countries over the years, and we recommend a pro-

spective study in the region for comparison with our data. 

This could also provide useful information on the stability of 

pneumococcal serotypes in the region. A second limitation 

of the study is the differences in research design, reagents, 

and laboratory procedures, including serotyping techniques, 

used in the different studies included in the systematic 

review. However, this is less likely to affect the findings of 

the systematic review, as standard and acceptable protocols 

were used in the various studies. Thirdly, the nomenclature 

of a few pneumococcal serotypes (such as serotype 6) has 

also changed over the years.

Conclusion
A pneumococcal capsular vaccine for use in West Africa 

must contain serotypes 1 and 5, which are the most impor-

tant serotypes causing pneumococcal disease in the region. 

Consequently, while PCV10 and PCV13 are generally suitable 

for use in West Africa, PCV7 is unsuitable. Although PCV10 

has appreciably high serotype coverage in West Africa gener-

ally, it may perform poorly in some West African countries. 

This is because the three pneumococcal serotypes (3, 6A, 

19A) that are absent in PCV10 but present in PCV13 are 

important causes of disease in such West African countries.
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