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a b s t r a c t

Streptococcus pneumoniae is a major cause of morbidity and mortality worldwide. Pneumococcal strains
are classified according to their capsular polysaccharide and more than 90 different serotypes are cur-
rently known.

In this project, three distinct groups of pneumococcal carriage isolates from Ghana were investigated;
isolates from healthy children in Tamale and isolates from both healthy and children attending the out-
patient department at a hospital in Accra. The isolates were previously identified and characterized by
Gram staining, serotyping and susceptibility to penicillin. In this study, isolates of the common serotype
19F were further investigated by Multi-Locus Sequence Typing (MLST).

Overall, 14 different Sequence Types (STs) were identified by MLST, of which nine were novel based on
the international MLST database. Two clones within serotype 19F seem to circulate in Ghana, a known ST
(ST 4194) and a novel ST (ST 9090). ST 9090 was only found in healthy children in Accra, whereas ST 4194
was found equally in all children studied. In the MLST database, other isolates of ST 4194 were also asso-
ciated with serotype 19F, and these isolates came from other West African countries. The majority of iso-
lates were penicillin intermediate resistant.

In conclusion, two clones within serotype 19F were found to be dominating in pneumococcal carriage
in Accra and Tamale in Ghana. Furthermore, it seems as though the clonal distribution of serotype 19F
may be different from what is currently known in Ghana in that many new clones were identified. This
supports the importance of continued monitoring of pneumococcal carriage in Ghana and elsewhere
when vaccines, e.g., PCV-13, have been introduced to monitor the possible future spread of antimicrobial
resistant clones.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

With the help of the GAVI Alliance (formerly the Global Alliance
for Vaccines and Immunization) and the World Health Organiza-
tion (WHO), vaccination programs have been introduced in Africa.
These include pneumococcal conjugate vaccines such as the 10-
valent pneumococcal Haemophilus influenzae conjugate vaccine
(PCV-10, GlaxoSmithKline) and a 13-valent pneumococcal conju-
gate vaccine (PCV-13, PrevnarTM, Pfizer Vaccines) (Mulholland
and Satzke, 2012; O’Brien, 2013; www.gavialliance.org). However,
despite increased research interest in Streptococcus pneumoniae in

Africa (Mulholland and Satzke, 2012; O’Brien, 2013) the epidemiol-
ogy of S. pneumoniae carriage and the associated disease is both
complex and dynamic. Many factors affect pneumococcal carriage
including serotype distribution which varies with geographical
location, ethnicity, immunosuppression, vaccination, antimicrobial
consumption and age (Harboe et al., 2010; Holliman et al., 2007).

Ghana, a West African country, has recently introduced the
PCV-13 in their childhood vaccination program (Dayie et al.,
2013). Knowledge on the pneumococcal carriage and serotype dis-
tribution are important when vaccines are introduced, e.g., in
Ghana (Dayie et al., 2013; Donkor et al. 2010). A recent study on
the pneumococcal carriage in Ghana revealed that the most com-
mon serotypes in children were 19F, 6B, 23F, and 6A, of which
serotype 19F was the predominant serotype observed both in the
capital city of Accra and in Tamale, a large city in the northern part
of the country (Dayie et al., 2013). Serotype 19F is a common
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serotype observed in many countries, and it is also included in the
commercially available pneumococcal vaccines (Harboe et al.,
2009; Li et al., 2013; Nathan et al., 2014).

The aim of this study was to use Multi Locus Sequence Typing
(MLST) of serotype 19F pneumococcal carriage isolates collected
by Dayie et al. (2013) and carriage isolates from children attending
the outpatient department at the Princess Marie Louise Children’s
Hospital in Accra to identify predominant clonal complexes, asso-
ciation between certain MLST types and the level of penicillin
resistance and to determine differences in isolates from Accra
and Tamale.

2. Materials and methods

2.1. S. pneumoniae isolates

A total of 48 carriage S. pneumoniae serotype 19F isolates were
selected including 22 isolates from Accra and 13 isolates from
Tamale (Dayie et al., 2013). The isolates (35) originated from the

nasopharynges of healthy children less than six years of age
attending random selected kindergartens and nursery schools in
Accra (11 sites) and Tamale (7 sites) (Dayie et al., 2013). Further-
more, 13 S. pneumoniae serotype 19F isolates were selected among
a collection of 207 carriage S. pneumoniae isolates collected from
children attending the outpatient department at the Princess Marie
Louise Children’s Hospital in Accra (kindly provided by Richael
Mills). All isolates studied were collected in 2011 before the intro-
duction of PCV-13 vaccine in the spring of 2012 (www.gavialliance.
org).

Characteristics of the 35 S. pneumoniae serotype 19F isolates
from Accra and Tamale including serotype and penicillin suscepti-
bility have previously been determined by Dayie et al. (2013) and
confirmed in this study as shown below. The 13 S. pneumoniae
serotype 19F isolates from children seen at the Princess Marie Lou-
ise Children’s Hospital were only serotyped previously (Richael
Mills, personal communication).

In the current study, the identification of all 48 isolates were
reconfirmed by Gram staining, optochin susceptibility, bile solubil-
ity and their serotype 19F status. Penicillin resistance was recon-

Table 1
MLST of 48 Streptococcus pneumoniae serotype 19F isolates including ST number, allele No. and MIC values to penicillin (lg/mL). Bold numbers indicate new STs and alleles.
Isolates that are sensitive and intermediate resistant to penicillin are illustrated with grey and white rows, respectively.
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