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Abstract

Background: Streptococcus pneumoniae is a major human pathogen, and nasopharyngeal colonization is the first step
for transmission and pathogenesis of pneumococcal diseases. Ethiopia introduced the 10-valent pneumococcal conjugate
vaccine (PCV10) in October 2011. Here we studied nasopharyngeal carriage rates of pneumococci in children and analyzed
the serotype and genetic diversity of pneumococcal isolates before first dose and after completion of the vaccine.

Method: A longitudinal study was conducted from February 2013 to November 2016. Totally 789 infants were enrolled
at the age of 6 weeks before first dose of PCV10 vaccination, 206 were re-sampled at the age of 9 months, and 201 at
2 years of age after the final dose of PCV10 at the age of 14 weeks. One hundred sixteen children were followed during
all the three sampling periods. A total of 422 nasopharyngeal isolates were serotyped using gel diffusion and the
Quellung reaction, 325 were typed with pulsed field gel electrophoresis (PFGE), and 12 were selected for multi locus
sequence typing (MLST).

Results: Pneumococcal carriage rates at the age of 6 weeks, 9 months and 2 years of age were 26.6% (210/789), 56.8%
(117/206) and 483% (97/201), respectively. Out of 116 children none of them carried the same strain during the three
period and the carriage rate at the age of 6 weeks, 9 months and 2 years were 32.7% (38/116), 59% (69/116) and 49.1%
(57/116) respectively. Totally 59 pneumococcal serotypes were identified among 422 isolates. Serotype 6A (5.0%)
dominated followed by 34 (4.5%), 10A (4.0%), 11A (4.0%), 19F (3.8%), 15B (3.8%), 23F (3.6%), and 15A (3.6%). The proportion
of non-PCV10 serotypes among the isolates recovered at 6 weeks, 9 months and 2 years was 794, 889 and 89.7%
respectively. Molecular typing of 325 isolates collected at 6 weeks and 9 months of age showed a high genetic diversity.
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Conclusion: This study highlights the presence of very diverse serotypes in Ethiopia where non-vaccine serotypes were
predominant. Completion of the PCV10 schedule was associated with an approximately 50% reduction of vaccine-type
carriage and increase of non-vaccine types. PCV13 would potentially reduce vaccine-type carriage by further 10%.
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Background

Streptococcus pneumoniae (the pneumococcus) is among
the top human pathogen with high rates of morbidity
and mortality, with one of the largest public health con-
cern and economic impact of any bacterial infectious
agent in both developing and industrialized countries
[1-6]. It is reported that each year, approximately half of
the 2.6 million deaths due to acute respiratory infections
in under five year children are caused by pneumococcal
pneumonia, the majority occurring in the developing
countries [3, 7]. It has also been estimated that in 2015
pneumococcal disease caused about 294, 000 deaths in
children aged 1-59 months [8].

Pneumococci are the major cause of common infec-
tions such as community-acquired pneumonia, otitis
media, sinusitis, and also a major contributor to severe
invasive infections such as septicaemia and meningitis.
The nasopharynx of children is the ecological niche for
pneumococci and nasopharyngeal colonization is a pre-
requisite for pneumococcal diseases. The polysaccharide
capsule is a major pneumococcal virulence factor and
more than 97 pneumococcal capsular serotypes have
been identified with different potential to cause invasive
pneumococcal disease (IPD) [9-13]. The serotype distri-
bution in pneumococcal diseases and carriage varies
with time, geographical areas and age of the population.
While some serotypes are found frequently in either or
both disease and carriage, others are rarely isolated [14].
Currently available pneumococcal vaccines are based on
the pneumococcal capsule, either as a polysaccharide
based vaccine targeting 23 serotypes (PPV23) or as con-
jugated vaccines targeting a limited number of serotypes,
7 in PCV7 (serotype 4, 6B, 9V, 14, 18C, 19F and 23F),
10 in PCV10 PV7 plus serotypes 1, 5 and 7F) and 13 in
PCV13 (PCV10 plus serotypes 3, 6A and 19A). Analysis
of the serotype distribution in IPD and carriage as well
as the disease incidence in a particular area is important
to evaluate the effectiveness of the vaccines [6, 15-17] .

A number of studies have shown that incidences of
both invasive and non-invasive pneumococcal diseases
have declined after PCV introduction in vaccinated chil-
dren, and in some countries they also observed a herd
protection effect in non-vaccinated populations such as
the adults [18-20] . However, other countries have not
observed any herd protection effects on IPD in

non-vaccinated elderly due to an almost complete re-
placement of vaccine types with non-vaccine types, both
in IPD and in carriage in small children [21, 22]. A re-
duction in pneumococcal carriage of PCV7 serotypes
and an increase in colonization by non-PCV7 serotypes
was observed after introduction of PCV7 in year 2000 in
the United states [23]. From year 2010, PCV7 was chan-
ged to either PCV10 or PCV13 in European countries
and in the United States [24—27] .

Ethiopia introduced PCV10 in the routine vaccination
program in October 2011 to be given at the age of 6
weeks, 10 weeks and 14 weeks (3 +0) without catch-up
vaccination for older children. A few studies have reported
nasopharyngeal carriage rates and found rates ranging
from 41 to 78% [28-30], but there is still a need for ad-
equate baseline information on epidemiological factors
such as the rate of carriage and transmission, serotypes
and genetic relatedness of isolates, for subsequent impact
assessment in Ethiopia. The objective of this study was to
determine the carriage rates and analyze the phenotypic
and genetic diversity of pneumococcal isolates in children
before the first dose and after completion of PCV10 vac-
cination in the post-vaccination era.

Methods

Study population and study site

This study was conducted in Addis Ababa city that had
an estimated population of 3.35 million during the study
period (February 2013 to November 2016), of which
1.76 million were female [31]. There were more than
100 public and private health facilities providing the
PCV10 vaccine when the study was started and the aver-
age number of children vaccinated since the introduc-
tion of the vaccine in October 2011 was in the range of
22,000-23,000 children per month. According to the
Ethiopian federal ministry of health report of 2016, the
PCV10 vaccine coverage reached 100% in Addis Ababa
and 97.5% at overall national level in 2015 [32].

The study was conducted in seven health centres se-
lected randomly from a total of 36 heath centres from
seven different sub-cities. The required sample size was
computed using the general formula for a single popula-
tion proportion with the following assumptions: preva-
lence rate of 79% taken from Abdullahi et al, 2012,
Kenya [33], 95% confidence level and 3% marginal error.
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Considering 10% for anticipated non-response rate, the
total sample size calculated was 789. Infants were re-
cruited sequentially when they came for the first dose of
PCV10 at age 6 weeks. The sample size for follow up
was calculated based on the actual finding of 6 weeks car-
riage rates, with the power of 80% to observe 50% change
in vaccine type serotypes carriage after completion of the
vaccine. For follow-up, 206 participants at 9 months and
201 at the age of 2 years were re-sampled, and 116 chil-
dren were sampled during all the three periods. All the
children who participated in the study didn’t attend the
day care centre until their two-years of age.

Infants with any signs of respiratory infection or anti-
biotic exposure within 2 weeks at the time of sampling
were excluded from the study.

Sample collection and processing

Samples and data were collected by nurses working in
the vaccination unit at each health centre. Nasopharyn-
geal swab specimens were collected following standard
operating procedures at each period [34]. A flexible cal-
cium alginate-tipped swab (Fisher Scientific, UK) was
used. The swab tip was transported in a cryotube con-
taining 1 ml skim-milk-tryptone-glucose-glycerin
medium (STGG) [34, 35] to the bacteriology laboratory
of the Armauer Hansen Research Institute (AHRI). Each
swab was plated within 6 h of collection on trypticase
soy agar (TSA) plates supplemented with 5% sheep
blood containing 5 pg/ml gentamicin (Fisher Scientific,
UK). All plates were incubated at 37 °C for 18-24h in a
5% CO, atmosphere.

lidentification of S. pneumoniae

Colonies on TSA plates with macroscopic appearance
characteristic for pneumococci (small, greyish, and col-
onies demonstrating o-hemolysis) and Gram-positive
diplococci were sub-cultured on TSA to get single pure
colonies. Then suspect a-hemolytic pneumococcal col-
onies were characterized based on optochin (5 pg ethyl-
hydrocupreine) (Fisher Scientific, UK) sensitivity and
bile solubility [34, 36]. Confirmed pneumococcal isolates
were stored in duplicate in 1.5 ml STGG broth cryotubes
at -80°C until transported to Karolinska Institutet,
Sweden, for serotyping and molecular characterization.

Serotyping

Serotyping was done at the Public Health Agency of
Sweden using gel diffusion and/or the Quellung reac-
tions using 46 type or group sera, and isolates belonging
to a group that included more than one type such as ser-
ogroups 6, 7, 9, 10, 11, and others were examined by the
capsular reaction test with type-specific factor antisera
[37]. Of 424 S. pneumoniae isolates identified, 422 iso-
lates were available for serotyping. The antisera used
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were purchased from Statens Serum Institute in

Copenhagen, Denmark.

Pulsed field gel electrophoresis (PFGE)

PFGE analysis was carried out for 325 isolates collected
from children at the age of 6 weeks and 9 months. S.
pneumoniae DNA embedded in agarose blocks (Bio-Rad,
USA) was prepared from log phase bacterial culture as
previously described [38, 39]. The blocks containing
genomic DNA were digested with Apa 1 (Promega,
USA) restriction enzyme at 25°C overnight. PFGE was
performed by the contour-clamped homogeneous elec-
tric field method on a CHEF DR-III apparatus (Bio-Rad
Laboratories, Inc., USA) in 0.5x Tris-Borate-Ethylene di-
amine tetraacetic acid (TBE) buffer (pH8.0) in 1.2%
agarose gel for with ramped pulse times from 2 to 30s
for 22 h at 6 V/cm at 14 °C [40].

The DNA banding profiles were stained with GelRed™
(Biotium, USA) and by the Gel Doc 1000 documentation
system. Conversion, normalization and further analysis
of patterns were carried out with the Gel Compare soft-
ware version 4. The level of similarity between the PFGE
patterns was calculated using the Dice coefficient, and
correlation coefficient was calculated with the UPGMA
(unweighted pair group methods with arithmetic aver-
ages) as previously described [41]. An isolate was consid-
ered to be within a cluster if the band matching
tolerance was 1%, optimization 1% and the coefficient of
similarity was 80%.

Multi locus sequence typing (MLST)

Twelve pneumococcal isolates collected from children at
6 weeks and 9 months of age representing 11 PFGE ge-
notypes were analyzed by MLST, as described previously
[42], and according to the MLST website (http://spneu-
moniae mlst.net/). The resulting allelic profiles were
concatenated to confirm pneumococcal identity [43] and
analyzed to determine sequence type. Isolates that differ
at one of the seven loci of STs included in the MLST
database were defined as single locus variant (SLV) of
the defined ST. Correlation was assessed between the se-
quence types (ST) obtained and all existing STs in the
database, using the eBURST (electronic Based upon Re-
lated Sequence Type) software available at the MLST
website (http://pubmlst.org/spneumoniae).

Statistical analysis

All statistical analyses were performed using Statistical
Package for Social Sciences (SPSS) version 20.0 statis-
tical software (IBM corporation, Chicago, IL, USA) and
STATA version 11(Statacorp, College Station, TX). Car-
riage rates for the three sampling periods were calcu-
lated with 95% confidence intervals (95%CI). The
proportions of carriage and serotype variations were
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computed within the three sampling period using t-test,
and the Pearson’s Chi-square statistical analysis was ap-
plied to determine variation in difference in carriage rate
among health centres. All statistical tests were consid-
ered significant at p-values< 0.05.

Results

Nasopharyngeal pneumococcal carriage rates were
highest at 9 months

The carriage rates among the children recruited in the
health centers ranged from 20 to 33% before the children
were vaccinated at the age of 6 weeks. There was no statis-
tically significant variation in proportion of carriage rate
(p=0.113) among the health centers (Table 1). The sec-
ond round of nasopharyngeal samples were taken from
206 children at the age of 9 months from those children
who participated in the first sampling at the age of 6
weeks. The total carriage rate in 9 months old children, all
fully vaccinated with PCV10, was 56.8% and the carriage
rate at health centre level ranged from 48.1 to 65.2%. As
was observed in the first round of samples, there was no
statistically significant variation in the carriage rate among
the health centres (p =0.112). Also at the age of two years
there was no statistically significant difference in the car-
riage rate among health centres (p =0.897) and the car-
riage rate ranged from 36.4 to 62.5% (Table 1).

Among children sampled during all three periods (n =
116) the nasopharyngeal carriage rates of S. pneumoniae
was the highest at the age of 9 months (59.4%), and
non-vaccine types dominated (94.2%) (Table 2). Only 15
out of the 116 children (12.9%) were carriers throughout
the three periods. Importantly, we did not identify any
child carrying the same serotype persistently at the age
of 6 weeks, 9 months and 2 years .

Longitudinal follow up of PCV 10 vaccinated children
From the totally 422 isolates, 59 different serotypes were
identified, and 10 isolates were non-typeable (NT).
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Fifty-four different serotypes were found among the 208
children before vaccination (6 weeks of age), 43 different
serotypes among the 117 isolates from children at 9
months of age, and 37 different serotypes among the 97
at the age of 2 years old post-vaccination isolates (Fig. 1).
Serotypes 6A (5.0%), 34 (4.5%), 10A (4.0%), 11A (4.0%),
19F (3.8%), 15B (3.8%), 23F (3.6%), and 15A (3.6%) dom-
inated in decreasing order, covering nearly 32% of all
isolates. Only three of the predominant serotypes (19F,
23F and 6A) are included in currently available PCVs.
Total vaccine coverage for the three conjugated vaccines
were 13.7% for PCV7, 15.4% for PCV10 and 26.3% for
PCV13 among all isolates, hence non-vaccine types
(NVT) dominated (84.6% for PCV10 and 73.7% for
PCV13). Among colonized children, vaccine serotypes 5,
14, 23F and 19F occurred more frequently before
(14.9%) than after immunization (6.8%) (p = 0.031). Sero-
types 6A, 34 and 10A were major serotypes after vaccin-
ation found in 16.4% compared with 10.1% before the
vaccine was given (p = 0.067).

Among serotypes included in PCV10, 13 isolates of se-
rotypes 1, 4, 6B, 19F, and 23F from the age of 9 months,
and 10 isolates of serotypes 1, 4, 19F and 23F from the
age of 2years were identified in the samples collected
after vaccination. Among non-vaccine types, one third
of the isolates were belonging to serotype 34 (4.5%), 11A
(4.0%%), 10A (4.0%), 15B (3.8%), 15A (3.6%), 19B (3.1%)
and 22F (3.1%) in decreasing frequency. Approximately
11% (46/422) were serotype 3, 6A and 19A, which are
not included in PCV10, but present in PCV13 (Fig. 1).

Among 117 carriers of pneumococci at the age of 9
months, 44 (37.6%) also carried S. pneumoniae at the
age of 6 weeks and only 4 (9.1%) children had the same
serotype at both time points. These serotypes were 6A
in two children and 23F and 33B in two other children,
while the remaining 40 (90.9%) were colonized by differ-
ent serotypes. Seventy-three (62.4%) of the children that
were colonized at the age of 9 months did not carry

Table 1 Nasopharyngeal carriage rate of S. pneumoniae at the age of 6 weeks before the first dose of the vaccine and 9 months and
2 years after completion of PCY10 vaccination: distribution by site of recruitment

Health At the age of 6 weeks At the age of 9 months At the age of 2 years
Centers Total sample  Positive  Percent Total sample  Positive  Percent Total sample  Positive  Percent

(95% Cl) (95% Cl) (95% CI)
Addis Ketema 117 39 333 (249-426) 47 34 652 (574-844) 39 22 564 (39.6-72.2)
Arada 59 16 27.1 (164-403) - - - - - -
Beletshachew 102 21 206 (13.2-29.7) 20 10 500 (27.2-728) 32 20 62.5 (43.2-789)
Bole-17 110 31 282 (200-376) 45 23 51.1 (34.7-654) 38 22 579 (40.1-73.7)
Dil Fire 141 38 27.0(198-35.1) 44 22 500 (346-654) 34 12 353 (19.7-53.5)
Kirkos 140 28 200 (13.7-276) 27 13 48.1 (28.7-680) 47 17 36.2 (22.8-51.5)
Kolfe 120 37 308 (22.7-399) 23 15 652 (42.7-836) 11 4 364 (10.9-69.2)
Total 789 210 266 (23.6-29.8) 206 117 56.8 (49.7-63.6) 201 97 483 (40.2-544)
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Table 2 Nasopharyngeal carriage rates and pneumococcal serotype distribution in the 116 children sampled during all three study

time points
Age of sampling Pneumococcal carriage n (%) PCV10 Serotypes (n)
vaccine types
n (%)
Age of 6 weeks 38 (32.7) 7 (184%) 6B(1), 19F(1), 23F(4), 9 V(1)
Age of 9 months 69 (59.4) 4 (5.8%) 6B(1), 19F(2), 23F(1)
Age of 2 years 57 (49.1) 4 (7.1%) 19F(3), 23F(1)

pneumococci at the age of 6 weeks (Additional file 1).
Out of the 97 children who carried S. pneumoniae at the
age of 2 years, 29 (29.9%) were also positive at the age of
6 weeks and all children were colonized with different
serotypes (Additional file 2). Among the 57 children that
were colonized with pneumococci at the age of 2 years,
37 (64.9%) carried pneumococci both at the age of 9
months and at 2years of age, and only three children
carried the same serotypes (Additional file 3) .

Among the 116 children that were sampled at all the
three sampling points, 47 different serotypes were iden-
tified and serotypes 19F and 23F, both included in
PCV10, were detected after full vaccination, both at 9
months and at 2 years of age. Similarly, serotype 6B was
present at the age of 9 months and serotype 4 at the age
of 2years. Serotypes 19F, 23F, 6A, 19A, 10A, 11A, 15B,
22F, 29, and 31 were detected at all the three period.

Non-vaccine types dominated during all the three sam-
pling periods (Fig. 2).

Decline in vaccine type serotypes carriage

Out of the 208 isolates collected from 6 weeks old chil-
dren before the first dose of the vaccine was given, 42
(20.2%) were of vaccine types and 166 (79.8%) were of
non-vaccine types. After completion of vaccination at
the age of 9 months, the percentage of vaccine serotypes
was significantly reduced from 20.2% (42/208) to 11.1%
(13/117) (p =0.035). Similarly, at the age of 2 years, vac-
cine types were significantly less frequent compared to
at the age of 6 weeks (p = 0.034) (Table 3). Out of all 97
children at the age of 2 years who carried S. pneumoniae
in their nasopharynx, 10 (10.3%) had vaccine types and
among the vaccine types 4 isolates were of serotype 19F.

25

Numberof Isolates

At the age of two- years isolates
At the age of nine-months isolates
At the age of six-weeks isolates

years of age

Fig. 1 Serotype Distribution of S. pneumoniae Isolates from Infants at the initiation (6 weeks) and after completion of PCV10, at 9 months and at 2




Sime et al. BMC Infectious Diseases (2019) 19:409 Page 6 of 11
p

7

5

5

w

o

3

04

8

-

o

o

2,

=

z

2

1_—|_| 1 _ _}

|
|
0 |
R R R AL A R R R R R R R R R R R -
— ™ — E e L R R R M oA o o ™~ m m m
Serotypes

At the age of two- years isolates
At the age of nine-months isolates
At the age of six-weeks isolates

Fig. 2 Serotype distribution of S. pneumoniae isolates from the same children at the age of 6 weeks, 9 months and 2 years

The genetic diversity was high among the pneumococcal
carriage isolates
A total of 325 isolates (208 from infants at 6 weeks and
117 from infants at 9 months of age) were analyzed using
Pulsed field gel electrophoresis (PFGE). Among these, 23
isolates were indigestible by the restriction enzyme Apal.
Only eleven PFGE genotypes were identified that com-
prised three or more isolates per PFGE genotype (1 = 50).
The remaining 252 PFGE genotypes contained only one
isolate each suggesting a high genetic diversity. Out of 11
PFGE genotypes, six PFGE genotypes consisted of one
serotype and the PFGE genotype was named A to F. The
other five PFGE genotypes contained a combination of se-
rotypes and were named G to K (Table 4).

Totally 12 isolates, two isolates from PFGE genotype I
and one isolate each from the rest of the 10 PFGE

genotypes, were subjected to Multi locus sequence typ-
ing (MLST). As depicted in Table 5 most of the se-
quence types (STs) identified were present in the
available MLST database. However SLV489 (serotype
31), SLV8930 (serotype 23F) and SLV3460 (serotype 6A)
were different from the already reported STs in one al-
lele, allele (gki), allele (spi) and allele (xpil), respectively.
The two strains of serotypes 1 and 23F, belonging to
PFGE genotype I, showed the same SLV 8930, even
though they belonged to different serotypes, indicating
capsular switch. The two 6A isolates that were of two
different PFGE genotypes showed the same ST.

Discussion
Nasopharyngeal carriage is a prerequisite for pneumo-
coccal transmission and invasive disease. Pneumococcal

Table 3 Comparison of serotypes among nasopharyngeal pneumococcal isolates collected before vaccination with PCV10 at the
age of 6 weeks and after completion of vaccination at the age of 9 months and two years

Period of sampling Vaccine type

Non-vaccine type

Total % 95% Cl Total isolates % 95% Cl
Isolates
At the age of 6 weeks 42 202 15.0-26.3 166 79.8 73.7-85.0
At the age of 9 months 13 11.1 6.0-18.2 104 88.9 81.7-93.9
At the age of 2 years 10 103 50-18.1 87 89.7 81.9-94.9
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Table 4 PFGE genotypes among pneumococcal isolates collected from infants at 6 weeks and 9 months of age

PFGE Total number  Serotype and Time of isolation Number of sites where  Number of other isolates with
Genotype  of isolates number (n) of isolates 3Before vaccine(n)  PAfter vaccine(n) strains of the same the same serotype, not
PFGE was isolated belonging to the genotype
A 4 314 2 2 3 3
B 3 46 (3) 2 1 3 -
C 5 8 (5) 3 2 4 2
D 7 3(7) 7 - 3 3
E 4 6A (4) 4 - 2 12
F 3 14 (3) 3 - 3 4
G 6 10A (4) 2 2 4 10
5(), 1 - 1 6
6A (1) 1 - 1 -
H 5 16F (3) 1 2 3 3
7B (1), 1 - 1 1
33B (1) 1 - 1 2
7 13(2) 1 1 2 6
12A (1) 1 - 1 -
() - 1 1 1
20 (1) 1 - 1 7
42 (1) 1 - 1 3
23F (1) 1 - 1 12
J 3 6A (2) - 2 1
10A (1) - 1 1 -
K 3 23F (1) 1 - 1 -
18F (1) 1 - 1 2
13 (1) 1 - 1 -
?Before taking the first dose of the vaccine
PAfter taken the last dose of the vaccine at the age of 14 weeks
Table 5 MLST analysis of selected S. pneumoniae isolates
PFGE genotype Time of isolation Serotype of the MLST typed isolates Sequence type
A Before vaccine 31 SLV6489
H Before vaccine 16F ST6882
B After vaccine 46 ST6450
@ After vaccine 8 ST3500
| After vaccine 1 SLV8930
Before vaccine 23F SLV8930
D Before vaccine 3 ST458
E Before vaccine 6A ST3460
F Before vaccine 14 ST63
K Before vaccine 23F ST988
J After vaccine 6A SLV3460

Before vaccine: It means before the children are given the first dose of the vaccine; After vaccine: It means after completion of the full dose of the
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colonization starts during early infancy and the median
age at first acquisition of carriage was reported to be 33
days of age in The Gambia [44], 38.5 days in Kenya [45],
8weeks in Bangladesh [46] and 45.5days in
Thailand-Myanmar [47]. In our study, we found a car-
riage rate of 26.6% at the age of 6 weeks when the in-
fants came for the first dose of the PCV10 vaccine. This
early exposure in infancy is likely to play an important
role in the development of infection at an early age.

Nasopharyngeal carriage rates of pneumococci have
been shown to vary depending on geographic region and
population [48]. In African and Asian countries,
pneumococcal carriage rates were often reported to be
high. In Africa, these included carriage rates of nearly
90% in The Gambia in children [44], and other reports
from the continent range from 18.6% to as high as
93.4% [49-52]. Our finding of carriage rates, in fully vac-
cinated children at 9 months 56.8% and at 2 years 47.3%,
is rather consistent with the high rate of carriage re-
ported from most African countries and few studies
done in Ethiopia [28—-30]. This suggests that vaccine has
no impact on the overall carriage rate.

Carriage studies can be used to predict the potential
impact and effectiveness of different formulations of
PCVs [53]. To our knowledge, this is the first study de-
termining carriage rates of pneumococci and analyzing
the impact of PCV10 immunization on pneumococcal
carriage rates in Ethiopia using a longitudinal approach.
Pneumococcal carriage rates increased significantly from
26.6% at the age of 6 weeks to 56.8% at the age of 9
months. Then carriage rates declined slightly to 48.3%
when the children reached the age of 2 years. Similar sit-
uations have been reported from other studies in Malawi
[54], Kenya [55] and The Gambia [44]. A number of
studies have shown that introduction of PCVs into rou-
tine vaccination programs did not affect overall
pneumococcal carriage rates, but rather commonly led
to non-vaccine type replacement [25, 27, 55-57]. Hence,
the overall carriage rate might not be affected by vaccin-
ation, while the serotype distribution might change, and
this seems to have been the case in our study as well.

We identified 54 different serotypes among the at the
age of 6 weeks isolates before the first dose of the vac-
cine, and about 80% of the isolates were of non-vaccine
types, showing a highly diverse serotype distribution,
which is in agreement with a report before vaccine intro-
duction [28]. This highlights the presence of a sizable
pool of strains in Ethiopia with the potential for replace-
ment of vaccine type strains with non-vaccine types in
invasive and non-invasive diseases. This will probably
have an important impact on the effectiveness of
vaccination.

Out of 117 isolates from 9 months old children who
completed the vaccination, we identified 43 different
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serotypes of which 89% were non-vaccine types. Vaccine
types decreased from 20.2% before vaccination to 11.1%
after use of the vaccine at the age of 9 months. Similarly,
out of 97 isolates from children at 2 years, 90% were of
non-vaccine types, and we did not find a reduction of
vaccine types in this age group, when we compared to
the age of 9 months. Our finding is in agreement with
the Kenyan study where the carriage rate of PCV10 vac-
cine serotypes were significantly reduced from 34% be-
fore the immunization to 13% after completion of
vaccination at two years [58].

Several strains that belonged to PCV10 serotypes were
detected in vaccinated children. These included 13
strains of serotypes 1, 4, 6B, 19F, 23F isolated from chil-
dren at the age of nine months, and ten strains that
belonged to serotypes 1, 4, 19F and 23F detected at the
age of 2 years. The proportion of PCV10 serotypes such
as 23F, 14 and 5 was higher before vaccination, and we
did not detect any serotype 5, 14 and 9V at the age of 9
months and 2 years. We did not identify any PCV10 se-
rotypes 7F or 18C strains in our collection, but we de-
tected related non-vaccine types 7C and 18F, serotypes
that have been identified in clinical invasive speci-
mens (CSF, blood, ear discharge, throat, pleural fluid,
and sputum) from Gondar and Addis Ababa [59, 60].
Why children continue to be colonized with vaccine
types after completion of the vaccination schedule is
unknown and could be due to several reasons. One
possibility is that the concentration of antibodies pro-
duced as a result of carriage may not be sufficient to
prevent colonization. Higher concentrations of IgG
might be required to avoid colonisation than those
necessary to prevent IPD [61, 62].

Among the non-vaccine types found in our study, 13%
were of serotypes 9N, 20, 11A, 8, 16F, and these sero-
types were previously reported to cause meningitis in
children in Tikur Anbassa Hospital, Ethiopia [60]. In an-
other study in Ethiopia, serotypes 8, 10A, 13, 20, 22A,
27 and 15C were isolated from clinical samples [59]. We
detected all these serotypes in the nasopharynx of chil-
dren except for serotype 22A. Serotype 10A was de-
tected at a higher frequency than the other serotypes.

Among the infants that carried pneumococci at the
age of 6 weeks (n=210), 37.6% were still carriers at the
age of 9 months. However, at 9 months (n = 117), only 4
children were still colonized with the same serotype as
that at the age of 6 weeks. The serotypes were 6A in two
children and 23F and 33B in the other children. PFGE
analysis confirmed that these at the age of 9 months iso-
lates were different from those obtained at 6 weeks of
age. This finding indicates that there is a natural fluctu-
ation in carriage rates of different serotypes rather than
a persistence of the first colonizer. Presence of the same
serotype at two different time points does not
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necessarily mean that the same strain will continue col-
onizing. Colonization by different members of the same
serotype replacing each other over time is therefore
possible.

The proportion and distribution of circulating sero-
types not included in currently available PCVs, as well as
their level of invasiveness, will be key determinants of
the overall impact of the vaccine on disease. From coun-
tries that currently use PCV10 or PCV13, there are re-
ports showing that non-vaccine serotypes such as 10A,
12F 15A, 15B, 15C, 22F, 24F, 33F, 35B and 38 cause IPD
[22, 26, 63, 64]. Serotypes 12F, 22F, 24F and 33F have
been identified also to have high invasive disease poten-
tials [26, 63—66]. All these non-vaccine types were iden-
tified in our study, and serotype 6A which is not
included in PCV10, but part of PCV13, was a predomin-
ant serotype.

There are certain limitations with our study. The in-
vestigation was started one year and three months after
the introduction of the vaccine and therefore, the first
baseline data in our study might not be free of the effect
of serotype replacement and herd protection. Also, only
116 children were sampled three times due to logistic
problems. Moreover, due to high costs for MLST, we
could only analyse 12 representative isolates from at the
age of 6 weeks and 9 months isolates, selected based on
the PFGE results. Furthermore, only a single colony was
taken from each positive sample for serotyping, and
hence we might have missed multiple serotypes in our
analyses.

Conclusions

We found a high diversity of pneumococcal serotypes in
carriage. At the last sampling at 2 years of age a majority
(86.3%) were of non-vaccine types, suggesting that the
effectiveness of PCV10 vaccination might be hampered.
However, already at 6 weeks at the first sampling almost
80% of the isolates were of non-vaccine types, indicating
that the PCV10 vaccine will not target the majority of
the serotypes carried in this age group. Molecular typing
using PFGE and MLST revealed a high diversity and the
existence of capsular switching events. Furthermore,
even though several children were colonized repeatedly
during the study period, no child was colonized with the
same strain during the two-year period. This suggests
that re-colonization is due to acquisition of new strains.
The data presented will be of importance for deciding
on future vaccination strategies in Ethiopia.

Additional files

Additional file 1: Table S6. Nasopharyngeal carriage of S. pneumoniae
serotypes in children at the age of 9 months (vaccinated) compared to
type and frequency at the age of 6 weeks (pre-vaccination). (DOCX 15 kb)

Page 9 of 11

Additional file 2: Table S7. Nasopharyngeal carriage of S. pneumoniae
serotypes in children at the age of 2 years (vaccinated) (n = 201)
compared to type and frequency at the age of 6 weeks (pre-vaccination).
(DOCX 15 kb)

Additional file 3: Table S8. Nasopharyngeal carriage of S. pneumoniae
serotypes in children at the age of 2 years (n=116) compared to type
and frequency at the age of 9 months. (DOCX 15 kb)

Abbreviations

IPD: Invasive pneumococcal disease; MLST: Multi locus sequence typing;

PCV: Pneumococcal conjugate vaccine; PFGE: Pulsed field gel electrophoresis;
SLV: Single locus variant; ST: Sequence types

Acknowledgments

We acknowledge Elisabeth Winterberg, Ingrid Andersson and Christina
Johansson for excellent technical support and expertise in serotyping of
isolates at the Public Health Agency of Sweden, and Mr. Melaku
Yidenekachew and bacteriology team members from Armauer Hansen
Research Institute for their technical assistance in bacterial isolation and
identification. We thank Neil French for his help in editing early versions of
the manuscript. We are also grateful to all the parents who allowed their
children to be part of this study and the nurses at the health centres for
taking the nasopharyngeal samples.

Funding

Armauer Hansen Research Institute (AHRI) supported financially the purchase
of items, payment for data collectors, and expenses for travel and
accommodation to undertake serotyping and molecular typing of isolates at
Karolinska Institutet, Sweden. The Stockholm county council (ALF), and the
Swedish Research Council covered costs for serotyping and molecular
characterization of isolates. Funders have not contributions the design of the
study and collection, analysis, and interpretation of data and in writing the
manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions

Conceived and designed the experiments: WT, AA, YW, BHN. Performed the
experiments: WT, SB. Analyzed the data: WT, AA, YW, SB, BHN. Contributed
reagents/materials/analysis tools: AA, EM, BHN. Wrote the paper: WT, AA, YW,
BHN. All authors contributed to writing. All authors have read and approved
the manuscript.

Ethics approval and consent to participate

Ethical approval was obtained from the Institutional Review Board (IRB) of
the College of Health Sciences, Addis Ababa University (protocol number
029/12/DMIP), from the Armauer Hansen Research institute (AHRI)/All-Africa
Leprosy Rehabilitation and Training Centre (AHRI/ALERT) Ethics Review
Committee (Reference number P021/21,), and from the National Health
Research Ethics Review Committee (NERC) (reference number 3.10.1820/05).
A written informed consent was obtained from the study participants
infants' parents/guardians.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Armauer Hansen Research Institute, Jimma Road, 1005 Addis Ababa,
Ethiopia. “Department of Microbiology, Parasitology and Immunology, Saint
Paul’s Hospital Millennium Medical College, 1271, Addis Ababa, Ethiopia.
*Department of Microbiology, Immunology and Parasitology, Addis Ababa
University, College of Medicine and Health Science, 9086, Addis Ababa,
Ethiopia. “The Public Health Agency of Sweden, Stockholm, Sweden.


https://doi.org/10.1186/s12879-019-4024-1
https://doi.org/10.1186/s12879-019-4024-1
https://doi.org/10.1186/s12879-019-4024-1

Sime et al. BMC Infectious Diseases

(2019) 19:409

°Department of Microbiology, Tumor and Cell Biology, MTC, Karolinska
Institutet, 171 77 Stockholm, Sweden. ®Clinical Microbiology, Karolinska
University Hospital, 171 76 Stockholm, Sweden.

Received: 8 January 2019 Accepted: 25 April 2019
Published online: 10 May 2019

References

1.

20.

21.

22.

Darboe MK, Fulford AJ, Secka O, Prentice AM. The dynamics of
nasopharyngeal Streptococcus pneumoniae carriage among rural Gambian
mother-infant pairs. BMC Infect Dis. 2010;10:195.

Yoshioka CR, Martinez MB, Brandileone MC, Ragazzi SB, Guerra ML, Santos
SR, et al. Analysis of invasive pneumonia-causing strains of Streptococcus
pneumoniae: serotypes and antimicrobial susceptibility. J Pediatr. 2011,87:
70-5.

O'Brien KL, Wolfson LJ, Watt JP, Henkle E, Deloria-Knoll M, McCall N, et al.
Burden of disease caused by Streptococcus pneumoniae in children younger
than 5 years: global estimates. Lancet. 2009;374:893-902.

Liu L, Johnson HL, Cousens S, Perin J, Scott S, Lawn JE, et al. Global,
regional, and national causes of child mortality: an updated systematic
analysis for 2010 with time trends since 2000. Lancet. 2012,379:2151-61.
WHO. Estimated Hib and pneumococcal deaths for children under 5 years
of age, 2008 [cited 2018 February 26]. http://www.who.int/immunization/
monitoring_surveillance/burden/estimates/Pneumo_hib/en.

WHO. Pneumococcal conjugated vaccine for childhood immunization-WHO
position paper. Wkly Epidemiol Rec. 2007;82:93-104.

Obaro S, Adegbola R. The pneumococcus: carriage, disease and conjugate
vaccines. J Med Microbiol. 2002;51:98-104.

Whitney CG. Pneumococcal and Haemophilus influenzae type b disease:
moving numbers in the right direction. Lancet Glob Health. 2018,6:e706-€7.
Browall S, Norman M, Tangrot J, Galanis |, Sjostrom K, Dagerhamn J, et al.
Intraclonal variations among Streptococcus pneumoniae isolates influence
the likelihood of invasive disease in children. J Infect Dis. 2014;209:377-88.
Sjostrom K, Spindler C, Ortquist A, Kalin M, Sandgren A, Kuhlmann-Berenzon
S, et al. Clonal and capsular types decide whether pneumococci will act as
a primary or opportunistic pathogen. Clin Infect Dis. 2006;42:451-9.
Bogaert D, Hermans PW, Adrian PV, Rumke HC, de Groot R. Pneumococcal
vaccines: an update on current strategies. Vaccine. 2004;22:2209-20.

Oliver MB, van der Linden MP, Kuntzel SA, Saad JS, Nahm MH. Discovery of
Streptococcus pneumoniae serotype 6 variants with glycosyltransferases
synthesizing two differing repeating units. J Biol Chem. 2013;288:25976-85.
Lin FL, Vinogradov E, Deng C, Zeller S, Phelan L, Green BA, et al. Structure
elucidation of capsular polysaccharides from Streptococcus pneumoniae
serotype 33C, 33D, and revised structure of serotype 33B. Carbohydr Res.
2014;383:97-104.

Hausdorff W, Feikin D, Klugman K. Epidemiological differences among
pneumococcal serotypes. Lancet Infect Dis. 2005;5:83-93.

Obaro SK. The new pneumococcal vaccine. Clin Microbiol Infect. 2002;8:
623-33.

Bogaert D, van Belkum A, Sluijter M, Luijendijk A, de Groot R, Rumke HC,

et al. Colonisation by Streptococcus pneumoniae and Staphylococcus aureus
in healthy children. Lancet. 2004,363:1871-2.

Bogaert D, De Groot R, Hermans PW. Streptococcus pneumoniae
colonisation: the key to pneumococcal disease. Lancet Infect Dis. 2004;4:
144-54.

Jansen AG, Hak E, Veenhoven RH, Damoiseaux RA, Schilder AG, Sanders EA.
Pneumococcal conjugate vaccines for preventing otitis media. Cochrane
Database Syst Rev. 2009:CD001480.

Pilishvili T, Lexau C, Farley MM, Hadler J, Harrison LH, Bennett NM, et al.
Sustained reductions in invasive pneumococcal disease in the era of
conjugate vaccine. J Infect Dis. 2010;201:32-41.

Pletz MW, Maus U, Hohlfeld JM, Lode H, Welte T. Pneumococcal
vaccination: conjugated vaccine induces herd immunity and reduces
antibiotic resistance. Dtsch Med Wochenschr. 2008;133:358-62.

Galanis |, Lindstrand A, Darenberg J, Browall S, Nannapaneni P, Sjostrom K,
et al. Effects of PCV7 and PCV13 on invasive pneumococcal disease and
carriage in Stockholm, Sweden. Eur Respir J. 2016;47:1208-18.

Naucler P, Galanis |, Morfeldt E, Darenberg J, Ortqvist A, Henriques-Normark
B. Comparison of the impact of pneumococcal conjugate vaccine 10 or
pneumococcal conjugate vaccine 13 on invasive pneumococcal disease in
equivalent populations. Clin Infect Dis. 2017;65:1780-9.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34,

35.

36.
37.

38.

39.

40.

41.

Page 10 of 11

Tocheva AS, Jefferies JM, Rubery H, Bennett J, Afimeke G, Garland J, et al.
Declining serotype coverage of new pneumococcal conjugate vaccines
relating to the carriage of Streptococcus pneumoniae in young children.
Vaccine. 2011;29:4400-4.

Prymula R, Chlibek R, Ivaskeviciene |, Mangarov A, Meszner Z, Perenovska P,
et al. Paediatric pneumococcal disease in Central Europe. Eur J Clin
Microbiol Infect Dis. 2011;30:1311-20.

Ansaldi F, de Florentiis D, Canepa P, Zancolli M, Martini M, Orsi A, et al.
Carriage of Streptoccoccus pneumoniae 7 years after implementation of
vaccination program in a population with very high and long-lasting
coverage, Italy. Vaccine. 2012;30:2288-94.

Lee GM, Kleinman K; Pelton SI, Hanage W, Huang SS, Lakoma M, et al.
Impact of 13-valent pneumococcal conjugate vaccination on Streptococcus
pneumoniae carriage in young children in Massachusetts. J Pediatric Infect
Dis Soc. 2014;3:23-32.

van der Linden M, Falkenhorst G, Perniciaro S, Imohl M. Effects of infant
pneumococcal conjugate vaccination on serotype distribution in invasive
pneumococcal disease among children and adults in Germany. PLoS One.
2015;10:e0131494.

Keenan JD, Sahlu |, McGee L, Cevallos V, Vidal JE, Chochua S, et al.
Nasopharyngeal pneumococcal serotypes before and after mass
azithromycin distributions for trachoma. J Pediatric Infect Dis Soc. 2016;5:
222-6.

Assefa A, Gelaw B, Shiferaw Y, Tigabu Z. Nasopharyngeal carriage and
antimicrobial susceptibility pattern of Streptococcus pneumoniae among
pediatric outpatients at Gondar University hospital, north West Ethiopia.
Pediatr Neonatol. 2013;54:315-21.

Gebre T, Tadesse M, Aragaw D, Feye D, Beyene HB, Seyoum D, et al.
Nasopharyngeal carriage and antimicrobial susceptibility patterns of
Streptococcus pneumoniae among children under five in Southwest Ethiopia.
Children (Basel). 2017:4:1-11.

CSA: Population Projection of Ethiopia for All Regions at Wereda Level from
2014-2017. In. Addis Ababa: Federal Democratic Republic of Ethiopia
Central Statistical Agency; 2013.

Federal ministry of health ( FMOH): health and health related indicators of
Ethiopia, 2016.

Abdullahi O, Karani A, Tigoi CC, Mugo D, Kungu S, Wanijiru E, et al. The
prevalence and risk factors for pneumococcal colonization of the
nasopharynx among children in Kilifi District, Kenya. PLoS One. 2012;7:
e30787.

Perilla MJ, Ajello G, Bopp G, Elliott J, Facklam R, Knapp JS, et al. Manual for
the laboratory identification and antimicrobial susceptibility testing of
bacterial pathogens of public health importance in the developing world.
Geneva, Switzerland: WHO; 2003.

Satzke C, Turner P, Virolainen-Julkunen A, Adrian PV, Antonio M, Hare KM,
et al. Standard method for detecting upper respiratory carriage of
Streptococcus pneumoniae: updated recommendations from the World
Health Organization pneumococcal carriage working group. Vaccine. 2013;
32:165-79.

Murray P. Manual of clinical microbiology. Washington, DC: ASM Press; 2007.
Henriqus Normark B, Christensson B, Sandgren A, Noreen B, Sylvan S,
Burman LG, et al. Clonal analysis of Streptococcus pneumoniae
nonsusceptible to penicillin at day-care centers with index cases, in a region
with low incidence of resistance: emergence of an invasive type 35B clone
among carriers. Microb Drug Resist. 2003;9:337-44.

Hermans PW, Sluijter M, Hoogenboezem T, Heersma H, van Belkum A, de
Groot R. Comparative study of five different DNA fingerprint techniques for
molecular typing of Streptococcus pneumoniae strains. J Clin Microbiol. 1995;
33:1606-12.

Descheemaeker PR, Chapelle S, Devriese LA, Butaye P, Vandamme P,
Goossens H. Comparison of glycopeptide-resistant Enterococcus faecium
isolates and glycopeptide resistance genes of human and animal origins.
Antimicrob Agents Chemother. 199943:2032-7.

Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, Persing DH,
et al. Interpreting chromosomal DNA restriction patterns produced by
pulsed-field gel electrophoresis: criteria for bacterial strain typing. J Clin
Microbiol. 1995;33:2233-9.

Descheemaeker P, Chapelle S, Lammens C, Hauchecorne M, Wijdooghe M,
Vandamme P, et al. Macrolide resistance and erythromycin resistance
determinants among Belgian Streptococcus pyogenes and Streptococcus
pneumoniae isolates. J Antimicrob Chemother. 2000;45:167-73.


http://www.who.int/immunization/monitoring_surveillance/burden/estimates/Pneumo_hib/en
http://www.who.int/immunization/monitoring_surveillance/burden/estimates/Pneumo_hib/en

Sime et al. BMC Infectious Diseases

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

(2019) 19:409

Enright MC, Spratt BG. A multilocus sequence typing scheme for
Streptococcus pneumoniae: identification of clones associated with serious
invasive disease. Microbiology. 1998;144 ( Pt 11:3049-60.

Hanage WP, Kaijalainen TH, Syrjanen RK, Auranen K, Leinonen M, Makela PH,
et al. Invasiveness of serotypes and clones of Streptococcus pneumoniae
among children in Finland. Infect Immun. 2005;73:431-5.

Hill PC, Cheung YB, Akisanya A, Sankareh K, Lahai G, Greenwood BM, et al.
Nasopharyngeal carriage of Streptococcus pneumoniae in Gambian infants: a
longitudinal study. Clin Infect Dis. 2008:46:807-14.

Tigoi CC, Gatakaa H, Karani A, Mugo D, Kungu S, Wanjiru E, et al. Rates of
acquisition of pneumococcal colonization and transmission probabilities, by
serotype, among newborn infants in Kilifi District, Kenya. Clin Infect Dis.
2012;55:180-8.

Granat SM, Mia Z, Ollgren J, Herva E, Das M, Piirainen L, et al. Longitudinal
study on pneumococcal carriage during the first year of life in Bangladesh.
Pediatr Infect Dis J. 2007;26:319-24.

Turner P, Turner C, Jankhot A, Helen N, Lee SJ, Day NP, et al. A longitudinal
study of Streptococcus pneumoniae carriage in a cohort of infants and their
mothers on the Thailand-Myanmar border. PLoS One. 2012,7:€38271.
Bayraktar MR, Durmaz B, Kalcioglu MT, Durmaz R, Cizmeci Z, Aktas E.
Nasopharyngeal carriage, antimicrobial susceptibility, serotype distribution
and clonal relatedness of Streptococcus pneumoniae isolates in healthy
children in Malatya, Turkey. Int J Antimicrob Agents. 2005,26:241-6.
Abdullahi O, Nyiro J, Lewa P, Slack M, Scott JA. The descriptive
epidemiology of Streptococcus pneumoniae and Haemophilus influenzae
nasopharyngeal carriage in children and adults in Kilifi district, Kenya.
Pediatr Infect Dis J. 2008;27:59-64.

Anthony L, Meehan A, Amos B, Mtove G, Mjema J, Malahiyo R, et al.
Nasopharyngeal carriage of Streptococcus pneumoniae: prevalence and risk
factors in HIV-positive children in Tanzania. Int J Infect Dis. 2012;16:¢753-7.
Heinsbroek E, Tafatatha T, Phiri A, Ngwira B, Crampin AC, Read JM, et al.
Persisting high prevalence of pneumococcal carriage among HIV-infected
adults receiving antiretroviral therapy in Malawi: a cohort study. AIDS. 2015;
29:1837-44.

Usuf E, Bottomley C, Adegbola RA, Hall A. Pneumococcal carriage in sub-
Saharan Africa—a systematic review. PLoS One. 2014;9:e85001.

Roca A, Bojang A, Bottomley C, Gladstone RA, Adetifa JU, Egere U, et al.
Effect on nasopharyngeal pneumococcal carriage of replacing PCV7 with
PCV13 in the expanded Programme of immunization in the Gambia.
Vaccine. 2015;33:7144-51.

Heinsbroek E, Tafatatha T, Chisambo C, Phiri A, Mwiba O, Ngwira B, et al.
Pneumococcal acquisition among infants exposed to HIV in rural Malawi: a
longitudinal household study. Am J Epidemiol. 2016;183:70-8.

Bosch A, van Houten MA, Bruin JP, Wijmenga-Monsuur AJ, Trzcinski K,
Bogaert D, et al. Nasopharyngeal carriage of Streptococcus pneumoniae and
other bacteria in the 7th year after implementation of the pneumococcal
conjugate vaccine in the Netherlands. Vaccine. 2016;34:531-9.

Scott JR, Millar EV, Lipsitch M, Moulton LH, Weatherholtz R, Perilla MJ, et al.
Impact of more than a decade of pneumococcal conjugate vaccine use on
carriage and invasive potential in native American communities. J Infect Dis.
2012;205:280-8.

Vestrheim DF, Hoiby EA, Bergsaker MR, Ronning K, Aaberge IS, Caugant DA.
Indirect effect of conjugate pneumococcal vaccination in a 2+1 dose
schedule. Vaccine. 2010,28:2214-21.

Hammitt LL, Akech DO, Morpeth SC, Karani A, Kihuha N, Nyongesa S, et al.
Population effect of 10-valent pneumococcal conjugate vaccine on
nasopharyngeal carriage of Streptococcus pneumoniae and non-typeable
Haemophilus influenzae in Kilifi, Kenya: findings from cross-sectional carriage
studies. Lancet Glob Health. 2014;2:397-405.

Dinku S. Characterization of pneumococcal isolates from patients in
Ethiopia: University of Oslo; 2013.

Muhe L, Klugman KP. Pneumococcal and Haemophilus influenzae meningitis
in a children's hospital in Ethiopia: serotypes and susceptibility patterns.
Tropical Med Int Health. 1999;4:421-7.

Prymula R, Hanovcova |, Splino M, Kriz P, Motlova J, Lebedova V, et al.
Impact of the 10-valent pneumococcal non-typeable Haemophilus
influenzae protein D conjugate vaccine (PHID-CV) on bacterial
nasopharyngeal carriage. Vaccine. 2011,29:1959-67.

Principi N, Esposito S. Serological criteria and carriage measurement for
evaluation of new pneumococcal vaccines. Hum Vaccin Immunother. 2015;
11:1494-500.

63.

64.

65.

66.

Page 11 of 11

Balsells E, Guillot L, Nair H, Kyaw MH. Serotype distribution of Streptococcus
pneumoniae causing invasive disease in children in the post-PCV era: a
systematic review and meta-analysis. PLoS One. 2017;12:e0177113.

Varon E, Cohen R, Bechet S, Doit C, Levy C. Invasive disease potential of
pneumococci before and after the 13-valent pneumococcal conjugate
vaccine implementation in children. Vaccine. 2015;33:6178-85.

Nakano S, Fujisawa T, Ito Y, Chang B, Suga S, Noguchi T, et al. Serotypes,
antimicrobial susceptibility, and molecular epidemiology of invasive and
non-invasive Streptococcus pneumoniae isolates in paediatric patients after
the introduction of 13-valent conjugate vaccine in a nationwide surveillance
study conducted in Japan in 2012-2014. Vaccine. 2016;34:67-76.

Yildirim 1, Hanage WP, Lipsitch M, Shea KM, Stevenson A, Finkelstein J, et al.
Serotype specific invasive capacity and persistent reduction in invasive
pneumococcal disease. Vaccine. 2010;29:283-8.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Methods
	Study population and study site
	Sample collection and processing
	Iidentification of S. pneumoniae
	Serotyping
	Pulsed field gel electrophoresis (PFGE)
	Multi locus sequence typing (MLST)
	Statistical analysis

	Results
	Nasopharyngeal pneumococcal carriage rates were highest at 9 months
	Longitudinal follow up of PCV 10 vaccinated children
	Decline in vaccine type serotypes carriage
	The genetic diversity was high among the pneumococcal carriage isolates

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	Author details
	References

