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Background: Invasive pneumococcal disease (IPD) is a significant cause of morbidity and mortality among
children worldwide. In April 2013, Mozambique introduced 10-valent PCV (PCV10) into the National
Expanded Program on immunization using a three-dose schedule at 2, 3, and 4 months of age. We aimed
to evaluate the invasive disease potential of pneumococcal serotypes among children in our region before
and after PCV10 introduction.
Methods: We used data from ongoing population-based surveillance for IPD and cross-sectional pneumo-
coccal carriage surveys among children aged <5 years in Manhiҫa, Mozambique. To determine the inva-
sive disease potential for each serotype pre- and post-PCV10 introduction, odds ratios (OR) and 95%
confidence intervals (95% CI) were calculated comparing serotype-specific prevalence in IPD and in car-
riage. For each serotype, OR and 95% CI > 1 indicated high invasive disease potential and OR and 95%
CI < 1 indicated low invasive disease potential.
Results: In the pre-PCV10 period, 524 pneumococcal isolates were obtained from 411 colonized children
and IPD cases were detected in 40 children. In the post-PCV10 period, 540 pneumococcal isolates were
obtained from 507 colonized children and IPD cases were detected in 30 children. The most prevalent ser-
otypes causing IPD pre-PCV10 were 6A (17.5%), 6B (15.0%), 14 (12.5%), 23F (10.0%) and 19F (7.5%), and
post-PCV10 were 6A (36.7%), 13 (10%), 1 (10.0%), 6B (6.7%) and 19A (6.7%). Serotypes associated with high
invasive disease potential pre-PCV10 included 1 (OR:22.3 [95% CI 2.0; 251.2]), 6B (OR:3.1 [95% CI 1.2;
8.1]), 14 (OR: 3.4 [95% CI 1.2; 9.8]) and post-PCV10 included serotype 6A (OR:6.1[95% CI 2.7; 13.5]).
Conclusion: The number of serotypes with high invasive disease potential decreased after PCV10 intro-
duction. Serotype 6A, which is not included in PCV10, was the most common cause of IPD throughout
the study and showed a high invasive potential in the post-PCV10 period.
� 2019 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Streptococcus pneumoniae (pneumococcus) is a major cause of
disease in children, and is associated with high morbidity and mor-
tality worldwide [1]. In 2015, invasive pneumococcal disease (IPD)
was responsible for an estimated 318,000 deaths in children under
5 years of age, with most of these deaths occurring in Africa and
Southeast Asia [2]. Pneumococcus causes a wide spectrum of
disease, ranging from non-invasive disease such as sinusitis, acute
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otitis media, and conjunctivitis to more severe disease such as
pneumonia, bacteremia and meningitis [3]. Data from rural
Mozambique prior to the introduction of 10-valent pneumococcal
conjugate vaccine (PCV10) show an invasive pneumococcal disease
(IPD) incidence of 245 cases per 100,000 child-years and a case
fatality proportion of approximately 14% in children aged <5 years
[4].

Pneumococcal carriage precedes disease and plays an important
role in transmission [5]. In rural Mozambique, the prevalence of
pneumococcal carriage was 80.5% in children <5 years of age
before PCV10 introduction [6]. The polysaccharide capsule of the
pneumococcus, which is the most important virulence factor and
the target of pneumococcal vaccines, is highly heterogeneous,
and based on its antigenic composition, more than 90 pneumococ-
cal serotypes have been described to date [7]. Pneumococcal sero-
types differ in their prevalence and invasive disease potential
(capacity to cause invasive disease) [8,9]. Several studies from
developed countries have calculated case to carrier ratio as a sur-
rogate of invasive disease potential [10–12]. However, the study
of invasive disease potential of pneumococcal serotype is highly
complex, and robust surveillance of IPD and carriage is required
for better understanding of the epidemiology of pneumococcal ser-
otypes before and after PCV introduction [13].

Declines in both IPD and vaccine-type pneumococcal coloniza-
tion have been observed after PCV introduction [14,15]. Despite
these declines, pneumococcal colonization has remained stable
after PCV introduction with a change in serotype distribution
[16]. Data from the United Kingdom and Finland prior to PCV intro-
duction have demonstrated that vaccine-types 1, 5, 6B, 7F, 14, 18C
and 19A had higher invasive potential than non-vaccine types
[10,17]. However, with the widespread use of high valent PCVs
such as PCV10 and PCV13, it is possible that other non-vaccine ser-
otypes will emerge with a high degree of invasive disease poten-
tial. Therefore, understanding the distribution of serotypes
causing colonization and disease pre- and post-PCV introduction
is important for evaluating disease potential of emerging sero-
types. This information can be helpful for development of future
vaccines.

Mozambique introduced PCV10 into the national routine infant
immunization schedule in April 2013 using a 3-dose primary series
at ages 2, 3 and 4 months with no booster or catch-up campaign.
Coverage of three doses based on WHO-UNICEF estimates for
2014 and 2015 were 73% and 80%, respectively [18]. Using data
from our ongoing population-based surveillance for IPD and
cross-sectional pneumococcal carriage surveys in Manhiça, we
evaluated the invasive disease potential of pneumococcal sero-
types and changes in serotype distribution pre- and post-PCV10
introduction.
2. Methods

2.1. Study population and design

We used data from ongoing pediatric population-based surveil-
lance for IPD among children aged <5 years in Manhiça District, a
rural area in southern Mozambique with a high Human Immunod-
eficiency Virus (HIV) and malaria prevalence [19,20], to calculate
the incidence rate by dividing the number of IPD cases caused
by each serotype by the number of children aged <5 years in the
demographic surveillance area. We used IPD data from April
2012 through March 2013 (pre-PCV10) and from April 2014
through March 2015 (post-PCV10), and two cross-sectional car-
riage surveys (October 2012–March 2013 and October 2014–
March 2015) to calculate the invasive disease potential of individ-
ual serotypes. For the cross-sectional surveys, we randomly
recruited HIV-uninfected children from the community using the
Manhiça district Demographic Surveillance System (DSS) [21],
while HIV-infected children were recruited sequentially from out-
patient clinics at the Manhiça District Hospital until target enroll-
ment number was met. The methods of the pediatric population-
based surveillance for IPD and cross-sectional surveys have been
previously described [4,6,22]. Data on PCV10 receipt were
obtained from vaccination cards for children with IPD and those
enrolled in the pneumococcal carriage survey post-PCV10
introduction.
2.2. Laboratory procedures

For the pneumococcal carriage surveys, a nasopharyngeal
specimen (NP) using sterile calcium alginate swabs (Fisherbrand,
catalog number 14-959-77 and 14959-78) was obtained from all
eligible children whose parent or guardian provided written
informed consent. Children were not eligible to be enrolled if they
had signs of severe acute respiratory illness at the time of enroll-
ment; defined by increased respiratory rate and chest wall
indrawing [23]. After collection, NP swabs were immediately
placed in 1.0 ml skim milk-tryptone-glucose-glycerol (STGG)
medium and kept on ice packs in a cooler box for up to 4 h until
storage at �70 �C for subsequent processing. The NP specimens
inoculated in STGG were processed using methods previously
described [23].

Blood samples obtained from all children aged <2 years requir-
ing hospitalization and from children aged 2-<15 years with axil-
lary temperature �39 �C or any signs of severity except trauma
were sent to Centro de Investigação em saúde de Manhica (CISM)
laboratory for culture [24]. Cerebral spinal fluid (CSF) was collected
via lumbar puncture for all children with suspected meningitis and
admitted infants aged <29 days. CSF specimens were processed at
CISM laboratory for culture and at the US Centers for Disease Con-
trol and Prevention (CDC) Streptococcus laboratory by quantitative
PCR (qPCR) for the detection of pneumococcal lytA gene [25].

Suspected pneumococcal colonies from both IPD surveillance
and carriage surveys were tested by optochin susceptibility (BBL
Taxo; Becton Dickinson) and bile solubility 2% (Sodium deoxy-
cholate, SIGMA-ALDRICH, Steinheim, Germany). Pneumococcal iso-
lates were serotyped by Quellung reaction at CDC’s Streptococcus
Laboratory. Nontypeable pneumococcal isolates from carriage sur-
veys underwent qPCR for pneumococcal lytA gene detection fol-
lowed by conventional multiplex PCR for pneumococcal
serotyping [23,25].
2.3. Definitions

An IPD case was defined as isolation of pneumococcus from a
normally sterile site (blood or CSF) in a child aged <5 years admit-
ted to Manhiça District Hospital who was a resident of the surveil-
lance catchment area. IPD cases with pneumococcus detected in a
CSF specimen (CSF only or in both CSF and blood) were classified as
pneumococcal meningitis; all other cases with pneumococcus iso-
lated from blood were classified as bacteremia. Among IPD cases
classified as bacteremia, those in children with cough and/or
breathing difficulties plus tachypnea were further determined to
be bacteremic pneumonia. Isolates of serotype 1, 4, 5, 6B, 7F, 9V,
14, 18C, 19F and 23F were defined as PCV10-serotypes; isolates
of serotype 3, 6A and 19A were defined as PCV13 unique serotypes,
and all other isolates were defined as non-vaccine serotypes.
Anthropometric measurements were taken for all children. Weight
for age Z-score (waz) was calculated using WHO Anthro Software
and Macro [26]. Malnutrition status was defined based WHO child
growth chart standards [27].



7472 S. Massora et al. / Vaccine 37 (2019) 7470–7477
2.4. Data analysis

We used STATA v.13 software program (SataCorp, College Sta-
tion, TX, USA) and MS Excel 2016 (Microsoft Corp. Seattle, WA)
to compare characteristics of children with IPD and pneumococcal
carriage in the pre- and post-PCV10 period. Proportions were com-
pared using chi-square or Fisher exact tests, when appropriate.
Incidence of IPD by serotype for each PCV10 period was calculated
using child-years as the denominator and 95% confidence intervals
(95%CI) were obtained using Poisson distribution. The invasive dis-
ease potential of serotypes was estimated using odds ratios (ORs)
and 95% CI. ORs and 95%CIs were calculated for each individual ser-
otype using Open Source Epidemiologic Statistics; individual sero-
types were treated as a binary outcome. The formula for the OR
calculation was ad/bc where a = number of serotype-specific inva-
sive isolates, b = number of serotype-specific carriage isolates,
c = other invasive isolates, and d = other carriage isolates. For each
serotype, OR > 1 indicated high probability to cause invasive dis-
ease and OR < 1 indicated low probability to cause invasive disease.
An OR was considered statistically significant when CIs limits did
not include 1 [17,28].

2.5. Ethical considerations

The Institutional Review Boards (IRB) of the Mozambican
bioethics committee and the US Centers for Disease control
and Prevention reviewed and approved the protocols for the pneu-
mococcal carriage surveys. The IPD surveillance was reviewed in
accordance with CDC human research protection procedures and
was determined to be non-research, public health surveillance,
while IRB approval for IPD surveillance was obtained from the
Mozambique bioethics committee. Written informed consent was
required for all carriage survey participants.
Table 1
Demographic characteristics of children with invasive pneumococcal disease (IPD) and pn

Characteristics Pre-PCV10

IPD
N = 40
n (%)

Pneumococcal colonization
N = 411
n (%)

Sex, male1 25 (62.5) 211 (51.3)
Age (months)
Median age (interquartile range) 12 (7–27.5) 25.1 (13.1–42.2)
Age group2

0–11 20 (50.0) 93 (23.1)
12–23 8 (20.0) 103 (25.6)
24–59 12 (30.0) 207 (51.4)
Malnutrition3

None 23 (59.0) 343 (85.0)
Moderate 6 (15.4) 44 (10.9)
Severe 10 (25.6) 18 (4.4)
HIV status4

Positive 5 (38.5) 165 (40.2)
Negative 8 (61.5) 246 (59.9)
PCV10 Doses5

0 Doses NA NA
1–2 Doses NA NA
3 Doses NA NA
Clinical manifestation
Bacteremic pneumonia 19 (47.5) NA
Bacteremia without pneumonia 18 (45.0) NA
Meningitis 3 (7.5) NA
Mortality 6 (15.0) NA

NA: Not applicable
1 Post-PCV10: One child with IPD missing sex information.
2 Pre-PCV10: Eight children with pneumococcal colonization missing age/Post-PCV10
3 Pre-PCV10: One children with IPD and 6 with pneumococcal colonization missing we

colonization missing weight for age Z-score (waz) calculation.
4 Pre-PCV10: Twenty-seven children with IPD missing HIV status/PostPCV10: Sixteen
5 Post-PCV10: Sixteen children with IPD and 274 children with pneumococcal coloniz
3. Results

3.1. Patient characteristics

A total of 1098 children were enrolled in the pneumococcal car-
riage surveys, including 506 during the pre- and 592 during the
post-PCV period. The prevalence of pneumococcal carriage was
81.2% (411/506) and 85.6% (507/592) in the pre- and post-PCV
periods, respectively; for a total of 424 and 540 pneumococcal iso-
lates. Some colonized children had more than one pneumococcal
isolate. A total of 70 pneumococcal isolates were obtained from
children with IPD. Of those, 40 (57.1%) were obtained in the pre-
PCV period and 30 (42.9%) in the post-PCV period. Bacteremic
pneumonia represented 19 (47.5%) and 14 (46.7%) of the IPD cases
pre- and post-PCV, respectively. Among 27 cases of IPD in children
for whom HIV status was known, 38.5% (5/13) and 35.7% (5/14)
were in HIV-infected children in the pre-PCV and post-PCV periods,
respectively. Among children with pneumococcal colonization
detected in the carriage surveys, 165 (40.2%) and 336 (66.3%) were
HIV-infected in the pre- and post-PCV periods, respectively. The
case fatality ratio among children with IPD was 15.0% (6/40) in
the pre- and 3.0% (1/30) in the post-PCV period (Table 1).

3.2. Incidence and serotype distribution

Changes in IPD incidence caused by PCV10 serotypes were
observed from the pre- to post-PCV period. After PCV10 introduc-
tion, no IPD cases caused by serotypes 4, 9V, 14 and 18C, which are
included in PCV10, were observed. Incidence of IPD caused by ser-
otype 1 increased. However, this increase was not statistically sig-
nificant. Incidence of IPD caused by serotypes 6A and 19A, which
are not included in PCV10, increased in the post-PCV period
(Fig. 1).
eumococcal colonization pre- and post-PCV10 introduction in Mozambique.

Post-PCV10

P value IPD
N = 30
n (%)

Pneumococcal colonization
N = 507
n (%)

P value

0.177 18 (62.1) 247 (48.7) 0.230

<0.001 19.5 (13–30) 24.5 (13–41.2) 0.245
0.001 0.275

7 (20.7) 110 (22.0)
12 (41.4) 139 (27.7)
11 (37.9) 252 (50.3)

<0.001 <0.001
15 (48.4) 453 (89.9)
8 (22.6) 42 (8.3)
7 (29.0) 9 (3.0)

0.903 0.018
5 (35.7) 336 (66.3)
9 (64.3) 171– (33.7)

0.354
2 (14.3) 19 (8.2)
3 (21.4) 32 (13.7)
9 (64.3) 182 (78.1)

NA
14 (46.7) NA
15 (50) NA
1 (3.3) NA
1 (3.3) NA

: Six children with pneumococcal colonization missing age.
ight for age Z-score (waz) calculation /Post-PCV: Three children with pneumococcal

children with IPD missing HIV status.
ation not age eligible for PCV10.
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Fig. 1. Incidence of invasive pneumococcal disease by serotype pre-PCV10 (2012–2013) and post-PCV10 (2014–2015) introduction in Mozambique.
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Of the 424 pneumococcal carriage isolates from the pre-PCV
period, 42 different serotypes were obtained. The most frequent
serotypes were 19F (13.9%), 23F (12.3%), 6A (10.14%), 13 (5.9%)
and 6B (5.4%). Of the 540 pneumococcal carriage isolates obtained
during the post-PCV period, 41 different serotypes were identified.
The most frequent serotypes identified post-PCV were 6A (8.7%),
23F (8.0%), non-typeable (NT) (8.0%), 19A (7.0%) and 19F (6.9%).
Carriage prevalence of serotypes 19F (p = 0.001) and serotype 23F
(p = 0.03) declined significantly from the pre- to post-PCV period.
Carriage prevalence of 19A significantly increased from 4.0% in
the pre- to 7.0% in the post-PCV period (p = 0.04). Other serotypes
with significant increases in prevalence post-PCV10 were 7C (5.4%
versus 1.9%; p = 0.005), 10A (3.3% versus 0.7%; p = 0.01) and 11A
(3.5% versus 1.2%; p = 0.02).

Among IPD cases, 16 different serotypes were identified in the
pre-PCV period and 12 in the post-PCV period. In the pre-PCV per-
iod, the most frequent serotypes were 6A (17.5%), 6B (15.0%), 14
(12.5%), 23F (10.0%) and 19F (7.5%), while in the post-PCV period,
serotypes 6A (36.7%), 13 (10.0%), 1 (10.0%), 6B (6.7%) and 19A
(6.7%) were the most prevalent (Fig. 2).

3.3. Invasive disease potential

Among the serotypes identified in the pre-PCV period, high
invasive potential was found for serotype 1 (OR: 22.3 [95% CI
2.0; 251.2]), 6B (OR: 3.1 [95% CI 1.2; 8.1]), and 14 (OR: 3.4 [95%
CI 1.2; 9.8]). Among the serotypes identified in the post-PCV per-
iod, high invasive potential was found only for serotype 6A (OR:
6.1[95% CI 2.7; 13.5]) (Table 2).

4. Discussion

Two years after PCV10 introduction in Mozambique, the num-
ber of serotypes with high invasive disease potential decreased
from three to one. All three serotypes with high invasive disease
potential pre-PCV (1, 6B, 14) are included in the PCV10 formula-
tion. The introduction of the vaccine was associated with a decline
in these serotypes, and in the post-PCV10 period, serotype 6A
(included in PCV13 but not PCV10) became the sole serotype with
high invasive disease potential. Although increases in carriage and
IPD caused by serotype 6A were observed after PCV10 introduc-
tion, these increases were not statistically significant. Immuno-
genicity studies have shown that PCV10 induces functional
antibody against serotype 6A following the primary series, how-
ever; IgG geometric mean concentrations (GMCs) to serotype 6A
was lower among children who received PCV10 compared to those
who received PCV13 pre- and post-PCV booster dose [29]. In a
recent study in Austria, no declines in IPD caused by serotype 6A
were observed among children using a PCV10 schedule of two pri-
mary doses with a booster dose at 12 months of age [29,30]. Sero-
type 19A, which is also not included in PCV10, increased
significantly in both carriage and IPD post-PCV10 introduction.
An increase in 19A pneumococcal colonization in Mozambique
after PCV10 introduction has been previously reported among chil-
dren who received three primary doses of PCV10 [31]. No 19A IPD
was observed in the pre-PCV10 period, however, from 2014 to
2015, the incidence of 19A IPD increased from zero to 10.1 per
100,000 child-years at risk. Despite these increases, serotype 19A
was not associated with high invasive disease potential in the
post-PCV10 period. Prior studies have reported 19A as a highly
invasive strain and linked to antimicrobial resistance, which is a
global patient safety concern [32,33].

The reduction in the number of serotypes associated with high
invasive disease potential is concordant with findings from studies
conducted in France and in the United States, which described a
similar decrease in the number of serotypes with high invasiveness
post-PCV introduction [13,34]. Several studies conducted in high-
and low-resource countries showed that PCV introduction results
in a sustained reduction of vaccine-type colonization and disease
[15,35–37]. However, increases in non-vaccine type IPD after PCV
introduction have been reported in Europe and have raised con-
cerns [38-40]. Although we observed an increase in incidence of
non-vaccine serotypes causing IPD post-PCV, especially serotypes
13, 12F and 9N, these serotypes were not associated with high
invasive disease potential. Of these serotypes, 12F is of particular
concern because other studies have shown that this serotype is
highly invasive and is usually associated with invasive disease
and meningitis outbreaks [32,41].

The serotypes with high invasive disease potential found in our
study pre-PCV10 are similar to those reported by previous pre-PCV
studies of Streptococcus pneumoniae conducted in Finland from
1995 to 1999 and in Portugal from 2001 to 2003, which also con-
cluded that serotype 1, 6B and 14 were associated with high inva-
sive disease potential [11,17]. We found serotype 6A to be the only
serotype associated with high invasive disease potential in the
post-PCV period. In contrast, studies from high-resource settings
pre-PCV have shown that 6A has low invasive disease potential
and is highly associated with carriage [17,42,43]. In a recent



Fig. 2. Serotype distribution of nasopharyngeal pneumococcal colonization and invasive pneumococcal disease isolates pre-PCV10 (2012–2013 and post-PCV10 (2014–2015)
introduction in Mozambique. (PCV10 serotypes: 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F/PCV13 serotypes: 3, 6A, 19A, and PCV10 serotypes).

7474 S. Massora et al. / Vaccine 37 (2019) 7470–7477
meta-analysis using studies conducted after PCV introduction, 6A
was also found to have a low invasive disease potential [44]. How-
ever, this meta-analysis included countries using other PCV formu-
lations and different vaccine schedules. In our study, serotype 6A
was the predominant serotype causing IPD post-PCV10 period,
which likely explain the association with high invasive disease
potential we observed for this serotype. In 2017, Mozambique
Ministry of Health recommended a switch from PCV10 to PCV13
for routine infant vaccination, which will provide coverage for both
serotypes 6A and 19A [45]. It will be important to monitor the
changes in serotype-specific disease incidence after PCV13 is
nationally implemented into the infant immunization program.

We observed that several serotypes, especially non-vaccine
types, were not associated with invasive disease. Several studies



Table 2
Invasive disease potential of pneumococcal serotypes among children aged <5 years pre- and post-PCV10 introduction in Mozambique.

Serotype Pre-PCV10 Post-PCV10

Invasive Carriage OR 95% CI P value Invasive Carriage OR 95% CI P value

1 2 1 22.3 2.0–251.2 0.041 3 0 NA NA NA
4 2 6 3.7 0.7–18.8 0.291 0 4 NA NA NA
5 2 0 NA NA NA 1 1 18.6 1.1–304.6 0.205
6B 6 23 3.1 1.2–8.1 0.017 2 25 1.5 0.3–6.5 0.845
9V 2 9 2.4 0.5–11.6 0.487 0 11 NA NA NA
14 5 17 3.4 1.2–9.8 0.016 0 14 NA NA NA
18C 1 5 2.1 0.2–18.9 0.839 0 1 NA NA NA
19F 3 59 0.5 0.1–1.7 0.375 1 37 0.5 0.1–3.5 0.779
23F 4 52 0.8 0.3–2.3 0.911 1 43 0.4 0.1–3.0 0.615
3 1 7 1.5 0.2–12.7 >0.910 0 13 NA NA NA
6A 7 43 1.9 0.8–4.5 0.152 11 47 6.1 2.7–13.5 0.001
19A 0 17 NA NA NA 2 38 0.9 0.2–4.1 >0.910
7C 1 8 1.3 0.2–10.9 >0.910 2 29 1.3 0.3–5.5 0.992
8 1 1 10.9 0.7–176.8 0.330 0 3 NA NA NA
9N 0 6 NA NA NA 1 6 3.1 0.4–26.3 0.633
12F 0 3 NA NA NA 1 0 NA NA NA
13 0 25 NA NA NA 3 33 1.7 0.5–5.9 0.585
15B 1 18 0.6 0.1–4.4 0.910 0 21 NA NA NA
18A 1 2 5.4 0.5–61 0.475 0 1 NA NA NA
35B 1 14 0.8 0.1–5.9 >0.910 0 14 NA NA NA
NT 0 23 NA NA NA 2 43 0.8 0.2–3.6 >0.910
Other1 0 85 NA NA NA 0 156 NA NA NA
Total 40 424 30 540

95% CI: 95% confidence interval.
OR: Odds ratio.
NA: Not applicable.

1 Pre-PCV10 Include serotypes: 7B, 9A, 9L, 10A, 10B, 11A, 15A, 15C, 16F, 17F, 19B, 20, 21, 22A, 23A, 23B, 24F, 28F, 31, 33D, 34, and 35A. Post-PCV10 include serotypes: 6C,
9L, 10A, 11A, 15A, 15C, 16F, 17F, 19B, 20, 21, 23A, 23B, 24F, 28F, 29, 31, 33C, 34, 35F, 38, and 46.
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have shown that non-vaccine serotypes 11A, 15A, 15B/C, 16F, 23A,
23B, 34, 35F, 35B and 37 have a low invasive disease potential [11–
13,34]. However, the emergence of non-vaccine serotypes with
high invasive disease potential is possible, as was demonstrated
in a recent Swedish study where serotype 8 and 22F were found
to have high invasive disease potential 8 years after PCV introduc-
tion in the country [16].

Changes in the incidence of PCV10 IPD were observed, with no
cases of IPD caused by serotypes 4, 9V, 14 and 18C in the post-
PCV introduction and increases in incidence of IPD caused by ser-
otypes 6A and 19A, which are not included in the PCV10. Another
notable observation in our study was the significant reduction in
the carriage prevalence of vaccine-types 19F and 23F in the post-
PCV period. These findings are in concordance with previous
studies conducted in England, which found a significant reduc-
tion of carriage of serotypes 19F and 23F after PCV7 implementa-
tion [38]. The reduction in carriage of vaccine-types likely
contributed to the reduction in IPD incidence caused by these
serotypes.

Our study has some limitations. First, we compared a rela-
tively short period pre- and post-PCV10 introduction to align
with our cross-sectional carriage surveys, which led to a small
number of IPD isolates being included in the analysis. Second,
we only have data on IPD from a rural site in Mozambique,
and, therefore, our findings may not be generalizable to the
entire country. Third, the use of OR only allows for comparison
within the population and it is not an absolute value that allows
comparison between population. Therefore, the high OR for 6A
found in the post-PCV10 period may be related to the increase
in prevalence of non-vaccine types with lower invasive disease
potential. Finally, we did not assess invasive disease potential
among HIV-infected compared with HIV-uninfected children
because we did not have enough power. However, there was
no difference in HIV status among those with IPD and pneumo-
coccal colonization.
In conclusion, we have shown that after PCV10 introduction the
number of serotypes associated with high invasive disease poten-
tial declined. Serotype 6A, which is not included in PCV10, became
the main cause of pneumococcal colonization and disease post-
PCV10 and had high invasive disease potential. Surveillance of both
carriage and IPD can provide good insight into the invasive disease
potential of pneumococcal serotypes pre- and post-PCV introduc-
tion, and can help inform future formulations of pneumococcal
vaccines.
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