
Kirolos et al. BMC Infectious Diseases           (2023) 23:56  
https://doi.org/10.1186/s12879-023-08022-4

RESEARCH

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

BMC Infectious Diseases

Invasiveness potential of pneumococcal 
serotypes in children after introduction 
of PCV13 in Blantyre, Malawi
Amir Kirolos1,2*, Todd D. Swarthout2,3, Andrew A. Mataya2, Farouck Bonomali2, Comfort Brown2, 
Jacquline Msefula2,4, Naor Bar‑Zeev5, Pui‑Ying Iroh Tam2,6, Maaike Alaerts7, Sithembile Bilima2, 
Robert S. Heyderman3 and Neil French8 

Abstract 

Introduction  The introduction of PCV13 to the Malawi infant immunization schedule in 2011 has been associated 
with reduced disease from Streptococcus pneumoniae. Improved understanding of serotypes with high invasive 
potential can guide future vaccination interventions. We aimed to estimate pneumococcal serotypes associated with 
acute respiratory infection (ARI) and invasive pneumococcal disease (IPD) in hospitalized children in Blantyre, Malawi.

Methods  We analysed data from healthy children under 5 years in the community in Blantyre and children admit‑
ted to Queen Elizabeth Central Hospital with ARI between 2015 and 2018. Nasopharyngeal swabs from children were 
tested for S. pneumoniae and serotyped by latex agglutination if positive. We analysed culture-positive blood and 
cerebrospinal fluid samples from admitted children between 2012 and 2018 to identify cases of IPD after the intro‑
duction of PCV13. We calculated the age-adjusted odds ratio (OR) of carriage for S. pneumoniae vaccine serotypes (VT) 
comparing those with ARI to healthy children. We also calculated age-adjusted ORs comparing serotypes causing IPD 
to carriage in the community with OR > 1 indicating high invasive potential.

Results  Serotypes 5 (OR 24.73 [95% CI 7.90–78.56] p < 0.001), 1 (OR 23.38 [95% CI 9.75–56.06] p < 0.001), and 6B (OR 
4.73 [95% CI 1.66–11.64] p = 0.001) had high invasive potential. Serotype 6B was no longer significant (OR 1.34 [95% 
CI 0.07–6.87] p = 0.777) in a sensitivity analysis accounting for year of recruitment. The prevalence of S. pneumoniae 
carriage in the community was 72.6% [95% CI 71.3–74.0] (3078/4238) and 23.4% (719/3078) of positive community 
samples were VT. The carriage prevalence in those hospitalised with ARI was 45.5% [95% CI 42.1–48.9] (389/855) and 
43.8% of hospital attendees reported antibiotic use prior to admission. We did not identify significant associations 
with carriage of any serotypes in those with ARI.

Conclusions  Pneumococcal serotypes 5 and 1 are associated with high invasive potential. Despite high community 
pneumococcal carriage, pre-hospital antibiotic usage likely reduces pneumococcal detection among children admit‑
ted in this setting and further research is needed to investigate serotypes associated with ARI. Data from this study 
can guide future preventative vaccination strategies in Malawi.
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Introduction
Pneumonia is the most common cause of death in 
children aged under 5  years globally and Streptococ-
cus pneumoniae (pneumococcus) is the most common 
cause of bacterial pneumonia in children in sub-Saha-
ran Africa [1–3]. One of the most important preven-
tative public health strategies for S. pneumoniae has 
been the development and introduction of pneumo-
coccal vaccines. In November 2011, Malawi was one of 
the first African countries to introduce the 13-valent 
pneumococcal conjugate vaccine (PCV13) to the infant 
immunisation schedule using a 3+0 regimen (with 
respective doses at 6, 10 and 14  weeks of age), and a 
catch-up campaign implemented for children aged up 
to 1 year. Increased provision of antiretroviral therapy 
(ART) to people living with HIV has also been associ-
ated with a reduced disease burden from S. pneumo-
niae in Malawi [4].

Nasopharyngeal carriage of S. pneumoniae is thought 
to be a pre-requisite for disease and person-to-per-
son spread can occur via carriers in close contact [5]. 
Despite the high disease burden, S. pneumoniae is fre-
quently carried asymptomatically in the nasopharynx 
of children [6]. A recent study in Karonga, Malawi 
found evidence of reduced vaccine-type (VT) carriage 
of S. pneumoniae in vaccinated children 3  years after 
PCV13 introduction but no change in unvaccinated 
children [7]. It also found evidence of replacement of 
VT serotypes with non-vaccine serotypes (NVT) in 
carriers after PCV13 introduction. This is thought to be 
due to the high background prevalence of pneumococ-
cal carriage contributing to a high force of infection in 
Malawi [2].

Streptococcus pneumoniae can also cause invasive 
pneumococcal disease (IPD), defined as isolation of S. 
pneumoniae from a sterile site such as blood or cer-
ebrospinal fluid (CSF), associated with severe disease 
causing bacteraemia and meningitis [8]. Certain S. 
pneumoniae serotypes (1, 3, 5, 7F, 19A) have been pre-
viously associated with a higher risk of IPD [9]. Before 
the introduction of PCV13 in Malawi, serotypes 1, 
6A/6B, 14 and 23F were found to be the most common 
causes of IPD in children between 2004 and 2006 [10]. 
The introduction of PCV13 in Malawi has been asso-
ciated with a significant reduction in the incidence of 
IPD in PCV-vaccinated children but limited evidence 
of indirect protection benefitting PCV-unvaccinated 
infants and adults [11]. There has meanwhile been an 
increase in NVT-IPD since 2015.

Further assessment of both the carriage and invasive-
ness potential of common serotypes after the intro-
duction of PCV13 can improve understanding of the 
dominant disease-causing serotypes in Malawi. This is 

increasingly important with the development of higher-
valent vaccines, including the recently approved PCV15 
(VAXNEUVANCE™) and PCV20 (Prevnar 20™). We 
note that while S. pneumoniae carriage in acute respira-
tory infection (ARI) does not assume causation, rates of 
specific serotype carriage in cases can identify potential 
associations. We therefore aimed to compare S. pneu-
moniae carriage in healthy children aged under 5 years 
to those admitted to hospital with ARI. We also aimed 
to compare serotypes causing IPD with community car-
riage to identify serotypes associated with higher inva-
sive disease potential.

Methods
Study site
Blantyre is the second largest city in Malawi, located 
in the Southern region, with an urban population of 
over 900,000 [12]. Queen Elizabeth Central Hospital 
(QECH) is the government referral hospital providing 
free medical care to the 1.3 million urban, peri-urban 
and rural residents and receives children requiring spe-
cialist care from throughout Blantyre District. PCV13 
coverage is high at over 90% among those age-eligible 
and is delivered in a 3+0 schedule, with single doses 
given respectively at 6, 10, and 14 weeks of age. There 
is a high rate of HIV infection in the population, with 
an estimated one in five HIV-affected households in 
Malawi [13]. In 2011, Malawi adopted the WHO rec-
ommendation allowing all HIV-infected pregnant or 
breastfeeding women to commence lifelong antiretro-
viral therapy regardless of clinical or immunological 
stage. This has significantly reduced mother-to-child 
transmission of HIV in recent years.

Study design
Recruitment of cases of ARI
We retrospectively analyzed hospital records and study 
data collected for children 1–4 completed years of age, 
admitted to QECH with ARI between 19 June 2015 and 
6 December 2018. These participants were enrolled in a 
previously established long-term prospective surveillance 
study [11, 14]. We were limited by the original age selec-
tion criteria and data on children less than 1  year with 
ARI were therefore unavailable. Trained nurses based 
in QECH reviewed paediatric admissions throughout 
the week to identify eligible participants and seek writ-
ten informed consent. ARI was defined as a respiratory 
infection with body temperature measured > 38  °C and 
a cough of onset within the previous 10  days [15]. Par-
ticipants had a digital chest x-ray taken and made avail-
able to clinicians for routine care. These were later read 
for study purposes by two independent trained assessors 
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based on WHO criteria for primary endpoint pneumo-
nia. In the case of discordance, the decision of a third 
assessor was final. For each enrolled child—in addition 
to routine clinical assessment based on symptoms and 
imaging, and along with the collection of a nasopharyn-
geal swab—a brief study-specific case report form with 
basic demographic information (age, gender, and pre-
hospital antibiotic usage)  was completed by a parent or 
guardian.

Recruitment of healthy children from the community
Between 19 June 2015 and 6 December 2018, community 
sampling was conducted during twice annual cross-sec-
tional surveys. These surveys recruited healthy children 
up to 4 completed years of age (including children under 
1  year), based on a cluster randomised sampling frame, 
to assess pneumococcal carriage as described elsewhere 
[16]. Households, schools, and vaccination centres were 
selected from within three non-administrative zones rep-
resentative of urban Blantyre’s socioeconomic spectrum 
in medium- to high-density townships. As with the hos-
pital component, written informed consent was sought 
from the parent/guardian of recruited children.

Analysis of IPD
There has been ongoing sentinel surveillance for labora-
tory confirmed IPD, including bacteraemia and men-
ingitis among all ages, at QECH since 1998 [11, 14]. In 
accordance with long-standing clinical guidelines, all 
adults and children presenting to QECH with fever, or 
clinical evidence of bacteraemia or meningitis undergo 
blood cultures and, where appropriate, lumbar punc-
ture. Testing is conducted on admitted children as part 
of routine clinical care. We analysed post-PCV13 data 
from archived invasive isolates of children aged up to 4 
completed years of age admitted to QECH between 2012 
and 2018 (including children under one). All children 
with culture-confirmed S. pneumoniae in a blood (bac-
teraemia) or CSF (meningitis) sample between 1 January 
2012 and 31 December 2018 were included in our analy-
sis. We included all post-PCV13 cases from 2012 in this 
analysis given that laboratory confirmed IPD is a rare 
outcome, but also conducted a sensitivity analysis look-
ing at cases between 2015 and 2018 to compare directly 
with the years that healthy children in the community 
were recruited.

Sample testing
All hospital ARI and community participants had naso-
pharyngeal swabs taken. Samples were collected using a 
Dacron flocked swab, and then immediately placed into 
1.5  mL skim milk-tryptone-glucose-glycerol (STGG) 
medium and processed at Malawi-Liverpool-Wellcome 

laboratory, co-located to QECH. Samples were tested for 
S. pneumoniae by culture and serotyped by latex aggluti-
nation as described elsewhere [16]. This testing method-
ology allowed the differential identification of PCV13 VT 
positive samples, but not for differential identification of 
NVT serotypes; therefore, NVT and non-typeable iso-
lates were classified as NVT serotypes.

Pneumococcal isolates from culture-confirmed blood 
and CSF samples in children aged under 5  years which 
grew S. pneumoniae on culture between 2012 and 2018 
were assessed by the same serotyping methods, as 
described elsewhere [11, 14].

Data analysis
Statistical analysis software R (version 4.0.3) was used for 
data compilation and statistical analyses. We calculated 
the prevalence of S. pneumoniae carriage in the com-
munity and in children presenting to hospital with ARI 
based on the number of nasopharyngeal samples posi-
tive for pneumococcus from each setting respectively 
and calculated exact 95% confidence intervals (CIs). We 
calculated the proportion (number of a specific serotype/
number of total positive pneumococcal samples) and 
exact 95% CIs of individual serotypes for three groups 
(healthy children in the community, children admitted 
with ARI and children with IPD).

We used a logistic regression model to calculate an 
odds ratio (OR) of carriage, 95% CIs and P value for each 
serotype by comparing serotype proportions in children 
with ARI to healthy children in the community. We also 
used a logistic regression model to calculate an OR, 95% 
CIs and p value comparing serotypes causing IPD to pro-
portional carriage in the community. We used this OR 
to determine invasive potential considering OR > 1 as 
high invasive potential. We included age in our logistic 
regression models to produce an age-adjusted OR. Given 
that age was adjusted for in our analysis we included all 
healthy children in the community (including those aged 
less than 1  year old) when comparing them with those 
admitted with ARI.

Using a Bonferroni correction, we considered a p 
value < 0.002 to be statistically significant based on 26 
separate analyses assessing odds ratios for both ARI and 
IPD cases across 13 VT serotypes.

Results
Demographic characteristics
Between June 2015 and December 2018, 4238 healthy 
children in the community were included in the study. 
Ages ranged from 28  days to 4 completed years (mean: 
2.8 years, median: 3.2 years). Of children recruited in the 
community, 50.3% were male. Eight hundred and fifty-
five children admitted to hospital with ARI were included 
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in the study. Ages ranged from 1 to 4 completed years 
(mean: 2.1 years, median: 1.8 years) and 57.2% of children 
with ARI recruited in hospital were male.

Of hospitalised ARI cases, 601 provided information 
regarding antibiotic use prior to admission and 43.8% 
(263/601) reported having taken antibiotics prior to 
attending hospital.

Between January 2012 and December 2018, 149 chil-
dren aged up to 4 completed years were identified with 
confirmed IPD (bacteraemia or meningitis). Ages ranged 
from 2  days to 4 completed years (mean: 1.6  years, 
median: 1.0 years).

Pneumococcal carriage prevalence
Of 4238 healthy children in the community, the total 
(VT + NVT) pneumococcal carriage prevalence was 
72.6% [95% CI 71.3–74.0] (3078/4238). Of the 3078 
samples with pneumococcus 23.4% [95% CI 21.9–24.9] 
(719/3078) were VT serotypes (Table  1). Serotypes 19F, 
3, 23F, 6A and 14 (in descending order of frequency) were 
the most common VT serotypes carried in healthy chil-
dren in the community (Fig. 1).

Of 855 children admitted to hospital with ARI, the 
total (VT + NVT) pneumococcal carriage prevalence 
was 45.5% [95% CI 42.1–48.9] (389/855). Of 389 positive 
tests, 23.1% [95% CI 19.0–27.7] (90/389) were VT sero-
types (Table  1). Serotypes 19F and 23F were the most 
common VT serotypes carried in children admitted with 
ARI (Fig. 1).

Among the 855 children admitted with ARI, 111 had 
confirmed primary endpoint pneumonia on chest x-ray. 
Of these 111 participants, the total (VT + NVT) pneu-
mococcal carriage prevalence was 39.6% [95% CI 30.5–
49.4] (44/111).

Serotypes associated with ARI and IPD
Table 1 shows the age-adjusted OR of serotype carriage 
for children admitted with ARI compared to healthy 
children in the community and serotypes causing IPD 
compared to community carriage. VT serotypes were a 
cause of 40.3% [95% CI 32.3–48.6] (60/149) of confirmed 
IPD cases. Serotypes 5 (OR 24.73 [95% CI 7.90–78.56] 
p < 0.001), 1 (OR 23.38 [95% CI 9.75–56.06] p < 0.001) 
and 6B (OR 4.73 [95% CI 1.66–11.64] p = 0.001) were 
found to have high invasive potential. A sensitivity analy-
sis (Additional file 1: Table S1) looking only at IPD cases 
between 2015 and 18 found similar results to the main 
analysis, apart from serotype 6B (OR 1.34 [95% CI 0.07–
6.87] p = 0.777) which no longer had a higher invasive 
potential based on cases restricted to these years.

We did not identify carriage of any VT serotypes sig-
nificantly associated with ARI compared to their pro-
portional carriage in the community. Children with ARI 

carrying S. pneumoniae had similar proportional NVT 
(76.9% [95% CI 72.3–81.0]) and VT carriage (23.1% [95% 
CI 19.0–27.7]) compared to healthy children in the com-
munity (76.6% [95% CI 75.1–78.1] and 23.4% [95% CI 
21.9–24.9] for NVT and VT respectively). Of the 44/111 
positive tests in those with confirmed primary endpoint 
pneumonia, 31.8% [95% CI 18.6–47.6] (14/44) were VT 
serotypes. Due to the small number of positive pneumo-
coccal samples in those with primary endpoint pneu-
monia we were unable to assess carriage of different VT 
serotypes in this sub-group.

Discussion
We found serotypes 5 (OR 24.73 [95% CI 7.90–78.56] 
p < 0.001) and 1 (OR 23.38 [95% CI 9.75–56.06] p < 0.001) 
had high invasive potential. Our results agree with evi-
dence from previous research [9] and build on evidence 
from other studies of differing invasiveness potential 
by pneumococcal serotype [17]. Our results indicate an 
ongoing risk of invasive disease post-PCV13 from VT 
serotypes. We didn’t find any serotypes significantly asso-
ciated with cases of ARI and due to small numbers of 
children with confirmed primary endpoint pneumonia 
we were unable to assess serotype carriage in this sub-
group. Children with ARI had similar proportional car-
riage of VT to healthy children in the community. Our 
analysis is limited given carriage in cases of ARI and 
pneumonia does not equate to causation. Associations 
may therefore be harder to detect and further research 
on whether carriage of specific pneumococcal serotypes 
are associated with ARI and pneumonia may be of use.

The community carriage prevalence in Blantyre (72.6% 
[95% CI 71.3–74.0]) is high compared to that of high-
income settings [18, 19], but carriage prevalence in those 
presenting to hospital with ARI was significantly lower 
(45.5% [95% CI 42.1–48.9]). While antibiotic usage was 
not asked of healthy children in the community, it is 
likely to be lower compared to the high reported usage 
in children presenting to hospital with ARI. Sample col-
lection, handling and processing was the same for both 
groups and while not definitive, antibiotic usage is the 
likely cause for this difference. The high background 
prevalence and rate of pre-hospital antibiotic use sug-
gests that nasopharyngeal swabs have a low predictive 
value in this setting. While our study did not compare 
carriage prevalence before and after PCV13 introduction, 
the prevalence data generated post-PCV13 can be used 
in future vaccine studies. There is potential to change the 
current 3+0 schedule of PCV13 in Malawi after studies 
found lower herd protection effects than expected [2]. 
One proposal to improve this, based on potential wan-
ing effects of the 3+0 vaccine schedule with age, is a 2+1 
schedule with two doses in the first three months of life 
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and a booster after 9 months of age [7]. The serotype car-
riage prevalence data reported in this study can there-
fore be used to measure the impact of potential schedule 
changes, as well as following the introduction of new vac-
cines, on S. pneumoniae carriage in Malawi.

A limitation of our study is the absence of PCV13 
vaccination status of participants which we were una-
ble to account for in our analysis. We were also limited 
by the different age distributions in the three groups 
of children included. We adjusted for age in our mod-
els given the younger age profile of those admitted to 
hospital compared to those sampled in the community. 
However, the exclusion of children less than 1  year of 
age with ARI is a limitation given different selection 
criteria for this hospital recruitment. Given the high 
rates of pre-hospital antibiotic usage, serotypes with 
high antibiotic sensitivity may have been underrepre-
sented in positive hospital ARI and IPD samples. How-
ever, the similar proportional carriage of NVT and 
VT serotypes in those with ARI compared to healthy 
children in the community indicates this may not have 
affected reported proportional carriage significantly. To 
improve power, we included all IPD cases post-PCV13 
between 2012 and 18 as opposed to the 2015–18 
period of community surveillance. While serotype 6B 

was found to have high invasive potential in our main 
analysis, our sensitivity analysis of cases from 2015 to 
18 found 6B was no longer significantly associated with 
IPD. The result indicating high invasive potential of 6B 
should therefore be interpreted with caution given that 
time and vaccine effects may have altered the main dis-
ease-causing serotypes post-PCV13.

Our study found serotypes 5 and 1 had high invasive 
potential. Data from this study can be used as a base-
line for future studies monitoring the ongoing impact 
of PCV13 and following changes to the vaccine sched-
ule in Malawi.
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