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Abstract

Background Streptococcus pneumoniae is the most frequent causative pathogen of bacterial pneumonia in
children worldwide. Bangladesh introduced the 10-valent pneumococcal conjugate vaccine (PCV10) in their national
immunization program for infants in 2015. We assessed its potential coverage in under-fives with community-
acquired pneumonia (CAP) in the years before PCV10 was introduced.

Methods A total of 1502 childhood pneumonia cases (< 5 year olds living in the urban section Kamalapur, Dhaka)
were enrolled between 2011 and 2013. Acute phase and late (convalescent) serum samples were collected from 1380
cases. Serotype-specific pneumococcal antibody concentrations were measured using a 25-plex immunoassay panel.
Pneumococcal CAP was diagnosed based on a serotype-specific pneumococcal antibody response.

Results S. pneumoniae was serologically identified as causative pathogen in 406/1380 (29%) cases. The five most
prevalent serotypes were (in descending order) 11A, 22F, 3,2 and 19F. Based on the percentage of pneumonia cases
associated with PCV10 vaccine types, the potential PCV10 coverage was 29% (116/406).

Conclusions In almost a third of the studied cases S. pneumoniae was identified as a causative pathogen. Because
of the characteristics of the immunoassay, this might well be a gross underestimation. Nevertheless, the potential
PCV10-coverage was low. Given the high serotype diversity, the region might benefit greatly from a higher-coverage
PCV or recombinant protein vaccine.
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Background

Streptococcus pneumoniae is the most frequent bacte-
rial cause of community-acquired pneumonia (CAP) in
children worldwide [1]. The burden of pneumococcal dis-
ease is especially high in young children from developing
countries [2]. Bangladesh is situated in a region where the
vast majority of the world’s severe and fatal pneumonia
cases in young children occur, exemplified by an inci-
dence of 130.3 episodes/1000 children (95% uncertainty
interval (UI) 106.5-157.5) versus a global incidence of
107.7 episodes/1000 children (95% UI 87.5-130.9) and
44.6 (95% Ul 35.5-56.3) in high-income countries [3, 4].

With support of the GAVI Alliance, Bangladesh has
implemented the 10-valent conjugate vaccine (PCV10;
Synflorix®) in its childhood national immunization pro-
gram as of March 2015, with an expected vaccination
coverage of >90% [5]. PCV10 offers protection against 10
pneumococcal serotypes: 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F
and 23F. Pneumococcal conjugate vaccines (PCV) have
been developed for the prevention of severe pneumococ-
cal disease in children, especially invasive pneumococcal
disease (IPD). Given the limited resource setting of Ban-
gladesh, including human resources for health services
[6], the additional benefit of PCV on pneumococcal CAP
in children, in addition to its effects on IPD, might be
enormous [7].

The pneumococcal capsular polysaccharide is the sin-
gle most important trigger to the host immune response,
which is serotype specific with limited cross-reactivity [8,
9]. Based on differences in the composition of the pneu-
mococcal polysaccharide capsule, over 90 serotypes have
been identified. Antibodies against the polysaccharide
capsule are protective against IPD and form the basis of
the available pneumococcal vaccines [10].

The vast majority of adult pneumococcal CAP is due
to non-invasive (or non-bacteremic) infection [11, 12].
Although less is known for early childhood pneumonia in
high disease burden settings in low- and middle-income
countries, this appears to hold true for these cases as
well [13, 14]. Most studies conducted in Bangladesh have
focused on the serotype distribution in IPD [15-17]. Very
limited data is available on the contribution of S. pneu-
moniae and the pneumococcal serotype distribution in
children with CAP, especially non-bacteremic pneumo-
nia [18].

Serological multiplex analyses of anti-capsular antibod-
ies have been shown useful in identifying the pneumo-
coccal serotype distribution in adults hospitalized with
bacteremic and non-bacteremic CAP [19, 20]. The aim
of the present study was to evaluate the proportion of S.
pneumoniae and its serotype distribution in children<5
years from Bangladesh with CAP, before PCV10 was
introduced, based on serotype-specific pneumococcal
antibody dynamics.
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Methods

Study design and participants

Children between 1 and 59 months old from the urban
field site of Kamalapur, Dhaka that were diagnosed with
pneumonia were enrolled. This study was locally man-
aged by the International Centre for Diarrhoeal Disease
Research, Bangladesh (icddr, b), which has conducted
pneumonia disease burden surveillance and intervention
trials at this site since 1998 [18, 21-23]. Kamalapur is
divided into seven geographical strata and 450 geograph-
ical clusters, each consisting of ~100 households. All
children<5 years old residing in selected clusters were
kept under active morbidity surveillance, after parents
provided informed written consent. The Research Review
and Ethical Review Committees of the icddr, b approved
the study.

Data collection, clinical characteristics and definitions
During weekly home visits, vital signs and signs of respi-
ratory illness were evaluated based on a structured cal-
endar questionnaire used by the study site for respiratory
and febrile illness surveillance since 2004. All study par-
ticipants with signs of respiratory and/or febrile illness
were initially referred to the onsite study clinic within
24-48 h of start of illness signs. Definitive CAP diagno-
sis was made by the study physician based on standard
clinical case definitions, as previously described [18, 21].
Definitions of CAP and severity of illness can be found
in Supplementary Material 1. Multiple enrolments of one
child were allowed, but only after it had recovered from
a prior episode of CAP with at least 7 disease free days
between two illness episodes. Each unique CAP episode
is hereafter referred to as a ‘case’ Available outcome mea-
sures were: duration of illness (in days) and outcome of
illness (full recovery, recovery with disabilities, continues
to be ill, lost to follow-up, deceased). Full definitions of
outcomes are included in Supplementary Material 1.

For the current study, two serum samples were col-
lected and stored at the field clinic at 4 °C, and trans-
ported twice daily in a cool box at 4° —8 °C to the clinical
microbiology laboratory of Dhaka and stored at -20 °C.
The first sample was collected on day 1 at the time of
CAP diagnosis (acute phase). The second sample was
obtained during a post-recovery follow-up visit (con-
valescent phase; no sooner after seven disease free days
after the last signs of illness, but typically between 2 and
6 weeks post illness resolution depending on child avail-
ability). Later all samples were aliquoted and stored at
-80 °C. Aliquots were sent to the St. Antonius Hospital in
Nieuwegein, The Netherlands, for batch analyses.
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Serotype-specific pneumococcal antibody measurement
by multiplex immune assay
Serotype-specific pneumococcal antibodies were mea-
sured in paired serum samples. The multiplex immuno-
assay was performed on a Luminex platform (Luminex
Corporation, Austin, TX). This method has been
described in detail elsewhere [20] and is added in Supple-
mentary Material 1. A 25-plex immunoassay panel was
used including the 10 serotypes covered by PCV10 (1,
4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F), and 15 additional
serotypes selected based on literature on IPD serotype
distribution in children living in South-East Asia (2, 3,
6A, 8,9N, 10A, 11A, 12A, 12F, 15B, 194, 20, 22F, 33F and
45) [15-18]. Serotypes 12A and 45 are not covered by the
007sp reference serum, hence concentrations are given in
arbitrary units (AU/ml).

Extensive information on selection of sera, details
about the assay and our approach of antibody analyses
are included in Supplementary Material 1.

Pneumococcal pneumonia definition
Cases with a serotype-specific antibody response were
defined as with pneumococcal CAP. A positive immune
response was defined as at least a 2-fold increase in sero-
type-specific antibody concentration between the first
and second serum sample and a concentration at con-
valescence of >0.2 pg/ml (=0.2 AU/ml for serotype 12A
and 45). This convalescence concentration was chosen as
it was well within the range of the lower end of the stan-
dard curves for all serotypes. The fold increase in anti-
body concentration against a given single pneumococcal
serotype had to be at least two times greater than the
fold increase against any other serotype, with exception
of a 2-fold increase for serotypes within the same sero-
group (e.g. 6A/6B), a scenario in which the serotype with
the highest fold increase was regarded as infecting sero-
type. To prevent false positive and negative results, cases
whose convalescent serum was drawn <14 days or >100
days after diagnosing CAP were excluded.

Based on the methods described above, patients were
categorized as having pneumococcal CAP or non-pneu-
mococcal CAP.

Conventional microbiological diagnostics

Blood cultures were performed using pediatric fastidi-
ous antimicrobial neutralization (FAN°®, bioMérieux,
France) bottles at the time of study enrollment. Bottles
were sent twice daily (within 4 h of collection) to the
clinical microbiology laboratory at the icddr, b for culture
by BactAlert 3D (bioMérieux, France). Unfortunately,
pneumococcal isolates were not available for serotyping.
In addition, nasopharyngeal washes (NPWs) were done.
The NPW was then placed in viral transport medium
(containing Dulbecco’s Modified Eagle Medium), stored
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and transported at 4 °C to the icddr, b virology laboratory
within 8 h. The obtained nasopharyngeal wash samples
were tested for the presence of influenza virus A or B
components using multiplex RT-PCR.

Data analyses

Analyses were stratified by disease severity (non-severe
vs. severe and very severe CAP) or age group (1-17
months vs. 18—-60 months of age). The 18 months cut-off
was based on the evidence that newborns and infants up
to the age of 18—24 months are less capable of producing
antibodies to bacterial capsular polysaccharides which
may increase susceptibility for infections with pneumo-
cocci in cases below 18 months old [24-26].

Statistics

Descriptives were stated as number (%) and continuous
data were presented as mean (standard deviation (SD))
or median (interquartile range [IQR]). Differences in
proportions between serotype groups were tested with
X2 tests. Pearson correlation coefficients (PCC) were
calculated to determine correlation between anti-poly-
saccharide antibodies specific for different serotypes. A
p-value<0.05 was considered to represent a statistically
significant difference. Microsoft® Office Excel for Win-
dows (version 2010) and SPSS software (version 22.0)
were used for statistical analyses.

Results

All-cause pneumonia

Between October 2011 and December 2013, two unique
serum samples were obtained from 1502 cases. The
median time between collection of the acute phase and
convalescent serum was 25 [IQR 19-41] days. This group
consisted of 815/381/142/164 children that participated
either once (54%), twice (25%), three times (10%) or >3
times (11%), respectively, with a maximum of 7 enrol-
ments (one child). The 122 cases with a delta<14 days
(n=41, 2.7%) or >100 days (=81, 5%) between the early
and late sample were excluded from further analyses
(unless stated otherwise).

The mean age of the remaining 1380 cases was 20.2
months (median 17.2 months, [IQR 10.6-27.0]). The
majority of cases (1274/1380, 92%) were diagnosed with
non-severe pneumonia. 105/1380 (8%) cases met the
criteria of severe CAP. One child had very severe CAP.
Baseline characteristics, conventional microbiological
test results and outcomes of illness, are shown in Table 1.

Proportion of streptococcus pneumoniae

The definition of pneumococcal CAP was met by
406/1380 (29%) cases. These 406 cases had a positive
immune response for a specific pneumococcal serotype
thereby representing the proportion of pneumococcal
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Table 1 Baseline characteristics, results from conventional
diagnostic tests and outcomes
Baseline characteristics (n=1380)
Age (months (SD))
Pneumonia by severity

202 (13.1)
Non-severe 1274 (92%)
105 (7.6%)
1(<0.1%)

Severe
Very severe
Blood culture isolates (n=1358)

*

~

Coagulase-negative Staphylococcus species
Salmonella typhi
Streptococcus pneumoniae
Streptococcus species
Micrococcus species
Moraxella species
Pseudomonas species
Acinetobacter species
Enterococcus species
Campylobacter species
Neisseria meningitidis
Nasopharyngeal wash influenza virus PCR
Type A-HIN1 18 (
Type A - H3N2 22 (
Type B 10 (
No sample collected

— = NN W W W w N

1.3%)
1.6%)
0.7%)
22 (1.6%)
Negative 1308 (95%)
Outcomes

Non-severe pneumonia (n=1274)

Duration of illness (days)

Outcome of lliness

6 [IQR 4-9]

966 (76%)
291 (23%)
1(0.1%)
Deceased 0

16 (1.3%)

Recovered
Recovered with disability
Continues to be ill

Lost to follow-up
Severe pneumonia (n=106)
Duration of illness (days)

Outcome of lliness

8[5-13]
Recovered 83 (78%)
Recovered with disability 22 (21%)

Continues to be ill

Deceased

Lost to follow-up 0
Very severe pneumonia (n=1)

Duration of illness (days) 6

Outcome of lliness Recovered

with disability

CAP. It was not possible to draw conclusions regarding
the immune responses in 103 cases (7%), e.g. due to a
response against multiple serotypes or indistinct varia-
tions in antibody dynamics. No immune response was
detected in 871 (62%) cases. Supplementary Fig. 1 shows
examples of antibody dynamics of each of the three
aforementioned scenarios.
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Twenty-two of 406 cases (5%) had severe pneumococ-
cal CAP and 384 (95%) non-severe pneumococcal CAP.
The prevalence of pneumococcal CAP was slightly higher
in cases 18—-60 months old (213/662, 32%) compared to
those 1-17 months old (27%, 193/718; p=0.03). Com-
paring cases with pneumococcal CAP and non-pneu-
mococcal CAP, there were no significant differences in
duration of illness (7.3 days (SD 5.4) vs. 7.6 days (SD 5.8)
or the rate of recovery with disabilities (95/406 (23%) vs.
219/974 (22%)).

Ten out of 406 (3%) cases with pneumococcal CAP had
a positive blood culture, in only two of which S. pneu-
moniae was isolated. These coincided with a humoral
immune response against serotypes 1 and 8 (no conven-
tional typing performed). It is noteworthy that two out
of the four cases yielding a positive blood culture from
which S. pneumoniae was isolated did not fulfill the sero-
logical case definition criteria. The remaining conven-
tional microbiological test results are shown in Table 1.

Pneumococcal serotype distribution

Figure 1 shows the serotype distribution in cases with
pneumococcal CAP. All 25 serotypes included in the
assay were identified at least once. The three most fre-
quently identified serotypes were 11A (n=45, 11%),
22F (n=35, 9%) and 3 (n=34, 8%). The most prevalent
serotype potentially covered by PCV10 was serotype
19F (n=26, 6%). Based on the identified serotypes, the
potential PCV10-coverage was 29% of the 25 serotypes
included in panel.

No large differences in serotype distribution was found
between the two age group (see Fig. 2). The potential
PCV10-coverage in 1-17 months was 29% vs. 28% in
18-60 months (p=0.85). Notable differences were the
higher proportion of serotype 2 and 3 in cases 1-17
months old (20/193 (10%) vs. 11/213 (5%); p=0.05 and
21/193 (11%) vs. 13/213 (6%), p=0.08, respectively),
whereas the proportions of serotype 9N and 33F were
higher in cases 18—60 months of age (13/213 (6%) vs.
5/193 (2.6)%, p=0.09, and 14/213 (7%) vs. 5/193 (3%),
p=0.06, respectively). The number of cases with (very)
severe CAP was too low (n=1) to identify differences in
serotype distribution vs. non-severe CAP (n=384) (data
not shown).

Pneumococcal antibody concentration dynamics

The distribution of serotype-specific antibody concentra-
tions in early and late serum from cases with pneumo-
coccal CAP and other cases is shown in Table 2. In-depth
analyses regarding intra-assay correlations of early and
late serotype-specific antibody concentrations, and
cross-reactivity and specificity can be found in Supple-
mentary Material 1, Supplementary Tables 1 and 2, and
Supplementary Figs. 2 and 3. Especially serotype 12A and
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12F (PCC=0.70) and 6A and 6B (PCC=0.66) correlated
well. In contrast, the correlation between 19A and 19F
was low (PCC=0.54). Noteworthy was the correlation of
the biologically unrelated serotype 8 vs. serotype 12A and
12F (PCC=0.63).

Discussion

By assessing serotype-specific pneumococcal antibody
dynamics in serum, we were able to establish the contri-
bution of S. pneumoniae in 29% of almost 1400 childhood

cases with CAP in Dhaka, Bangladesh. Our study was
conducted in an urban low-income section of Dhaka,
Bangladesh the years before introduced PCV10 in 2015.
The most striking finding, based on these unique data
from under-fives with CAP, was that only 29% of pneu-
mococcal CAP was caused by a serotype potentially cov-
ered by PCV10. By our best knowledge, this is the first
study to report on the serotype-specific pneumococcal
contribution in, predominantly non-bacteremic, child-
hood pneumonia cases.
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Table 2 Distribution of serotype-specific antibody concentrations in pneumococcal CAP cases and cases with non-pneumococcal

CAP
Acute phase concentrations (ug/ml) Convalescent concentrations (ug/ml)

Serotype Non-pneumococcal CAP cases Pneumococcal CAP cases Non-pneumococcal CAP cases Pneumococcal CAP cases
Median [IQR], number of cases Median [IQR], number of cases  Median [IQR], number of cases Median [IQR], number of cases

1 (PCV10) 0.04 [0.02-0.07], n=1496 0.08 [0.05-0.12], n=6 0.03 [0.02-0.06], n=1496 1.12[0.62-1.66],n=6

2 0.08 [0.02-0.33], n=1471 0.1[0.04-0.27], n=31 0.07 [0.02-0.3], n=1471 0.67[0.34-1.68], n=31

3 0.26 [0.13-0.69], n=1468 0.21[0.13-0.39], n=34 0.23[0.12-0.59], n=1468 2.03 [0.86-9.09], n=34

4 (PCV10) 0.01[0.01-0.02], n=1491 0.02 [0.01-0.06], n= 0.01 [0-0.02], n=1491 092[06-3],n=

5 (PCV10) 0.05 [0.02-0.12], n=1490 0.09 [0.02-0.14],n=12 0.05 [0.02-0.13], n=1490 0.55[045-0.76], n=12

6A 0.01 [0.01-0.03], n=1500 [006 0.16],n 0.01 [0.01-0.03], n=1500 241[145-337],n=2

6B (PCV10)  0.01[0-0.02], n=1496 0.03[0.01-0.1],n=6 0.01[0-0.02], n=1496 2.21[0.79-4.11],n=6

7F (PCV10) 0.05 [0.03-0.13], n=1491 [007 0.31],n=11 0.05 [0.02-0.12], n=1491 2.56[1.3-4.62],n=11

8 110.05-0.28], n=1485 5[0.11-0.2], n=17 0,11 [0.04-0.29], n=1485 0.95[0.54-7.36],n=17

9N 006[002 0.17], n=1484 009[005 0.19],n=18 0.05[0.02-0.18], n=1484 0.61[0.28-135],n=18

9V (PCV10) 0.02 [0.01-0.07], n=1489 0.01[0.01-0.01],n=13 0.02 [0.01-0.06], n=1489 41[0.54-1.94],n=13

10A 0.03 [0.01-0.08], n=1493 0.07[0.03-0.09], n=9 0.03 [0.01-0.08], n=1493 0.75[0.51-142],n

11A 0.1[0.03-0.49], n=1457 0.06 [0.04-0.15], n= 0.09 [0.03-0.45], n=1457 0.97 [0.39-3.99], n

12A 0.01 AU/mI[0.01-0.03],n=1499  0.05 AU/mI[0.0 009] n=3 0.01 AU/mI10.01-0.03], n=1499  0.31 AU/mI [0.17-0 34},/7:3

12F 0.06 [003 0.15], n=1496 0.11[0.1-0.14], n=6 0.06 [0.03-0.15], n=1496 0.5[0.42-0.58],n=6

14 (PCV10) 0.02 [0.0 11],n=1491 0.08 [0.04-0.33], n=11 0.01 [0.01-0.08], n=1491 1.7 [0.55-2.64], n=11

15B 0.04[0.02-0.14], n=1483 0.08 [0.02-0.12],n=19 0.04[0.02-0.12],n=1483 0.56[0.38-1.01],n=19

18C (PCV10) 0.03[0.01-0.09], n=1491 0.12[0.04-0.19], n=11 0.02 [0.01-0.08], n=1491 0.93[0.58-3.65],n=11

19A 0.07 [O 02-0.3],n=1487 0.1[0.04-0.15], n=15 0.06 [0.02-0.24], n=1487 1.16[0.73-1.92],n=15

19F (PCV10) 4[0.04- 083J n=1476 0.07 [0.06-0.16], n=26 0,12 [0.04-0.63],n=1476 469[1.61-1037],n=26

20 0.02 [0.01-0.07], n=1489 0.1[0.03-0.2],n=13 0.02 [0.01-0.06], n=1489 0441037-0.73],n=13

22F 0.021[0.01-0.1], n=1467 0.03 [0.02-0.11], n=35 0.02 [0.01-0.09], n=1467 1.7410.53-7.88],n=35

23F (PCV10) 0.02[0.0 OO6J =1493 0.04 [0.02-0.08],n=9 0.02 [0.01-0.05], n=1493 448(1.73-7.03],n=9

33F 0.03 [0.02-0.09], n=1483 0.06 [0.04-0.11],n=19 0.03 [0.01-0.09], n=1483 0441[0.28-1.18],n=19

45 0.03 AU/mI[0.02-0.1], n=1478 0.06 AU/mI[0.03-0.09], n=24  0.03 AU/mI[0.01-0.1],n=1478 036 AU/mI[0.27-0.71],n=24

PCVs have been developed based on epidemiological
serotype distribution data from Western countries and
have had a positive impact on occurrence of IPD, cover-
ing the most prevalent serotypes before the vaccine was
implemented in these countries [27]. Given the high
burden of CAP among children in the South-East Asia
region, Bangladesh could highly benefit from a vaccine
that covers serotypes causing non-bacteremic CAP. The
high pneumonia burden was reflected in our study by
the fact that many children participated>2 times in little
over two years.

Active IPD surveillance started in Bangladesh with
support from GAVI’s PneumoADIP to assess the bur-
den of IPD (not limited to pneumonia) among chil-
dren<5 years old [28]. Studies were conducted in rural
and urban areas and enrolled hospitalized and/or non-
hospitalized children [15-18]. The top 3 most prevalent
serotypes from these three studies combined consisted
of serotype 1, 2, 5, 6B, 14 and 19A. All were included in
our panel, however, only serotype 2 was found in the top
ten of most prevalent serotypes in our study limited to
childhood cases with CAP. Noteworthy, among the top
10 causative serotypes most frequently observed in our
study, which are not encompassed by PCV10, the more

recently introduced 20-valent conjugate vaccine covers
an extra set of six serotypes (namely serotype 11A, 22F, 3,
15B, 33F and 8), while investigational vaccines could even
further increase coverage (e.g. PCV24 which includes
serotypes 2 and 9N) [29]. However, given the high sero-
type diversity observed in Bangladesh and neighboring
countries [30, 31], next to ongoing replacement disease in
countries with years of experience with PCVs, a recombi-
nant protein vaccine aimed at offering serotype-indepen-
dent protection seems optimal [32], and may render the
risk for serotype replacement redundant [33].

The wide variation in serotypes likely reflects the geo-
graphical diversity between studies and difference in type
of disease [17]. Bacteremic pneumonia and meningitis
may be mediated by different pneumococcal serotypes
than non-bacteremic disease due to a higher propen-
sity of specific serotypes to invade the bloodstream [15].
Also, serotype diversity of nasopharyngeal carriage in
the region is diverse, and can vary per geographic loca-
tion [34, 35]. This is supported by the study of Safari et
al.. in Southeast Asia, which investigated the nasopha-
ryngeal carriage of S. pneumoniae among children<5
years of age in two regions of Indonesia prior to PCV
introduction. Carriage of serotype 11A proved to be the
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most common non-vaccine serotype in only one of these
regions (whereas 22F was found only sporadically in
either region) [34]. Next to regional differences in sero-
type distribution, virulence of serotypes such as 11A may
be lower. Our study methodology involved active surveil-
lance including weekly home visits, which allows early
detection of milder cases. Consequently, the majority of
pneumonia cases in our study classified as non-severe.
This could explain why antibodies against serotype 11A
were most prevalent versus the low prevalence of sero-
type 1 (e.g.) in our study, compared to the Bangladeshi
PneumoADIP centers focusing on children with IPD
[36-39].

In an earlier study in Dutch adults hospitalized with
CAP the same immunoassay as used in the current study
had a sensitivity of 42-45% to detect pneumococcal
pneumonia in comparison to extensive microbiological
testing [19, 20]. If this sensitivity holds true for child-
hood pneumonia, the true pneumococcal proportion
of 29% found in our study might be more than twice as
high. On the other hand, with the lack of a gold stan-
dard, it is not possible to be sure that each CAP episode
with a serotype-specific antibody response in the current
study is indeed caused by S. pneumoniae. Many children
are colonized with pneumococci, which may cause an
immune response in parallel to infection with another
respiratory pathogen. Moreover, many children did have
high antibody concentrations against multiple serotypes,
which likely is a reflection of living in close contact with
relatives leading to higher pneumococcal carriage rate
and density. Though two-point serology testing may be
diagnostically impractical, our findings do indicate its
usefulness in providing a good level of evidence of the
pneumococcal serotype distribution, also in the absence
of a true gold standard for identification of pneumococ-
cal pneumonia. A follow-up study of similar design in
this setting post vaccine exposure, including conven-
tional microbiological testing, could shed light on the
question of carriage rate, density and infection [40].

The main strength of this study is that we obtained data
from an experienced pneumonia surveillance system,
which has yielded a unique cohort of 1502 pneumonia
cases<5 years of age. Using a multiplex immunoassay, we
were able to map the serotype distribution in childhood
cases of non-bacteremic pneumococcal CAP in Bangla-
desh before the introduction of PCV10. However, there
were also several limitations. First, the assayed panel
included only 25 serotypes and was therefore unable
to identify other serotypes, which might have led to an
underestimation of the pneumococcal proportion and
PCV10-coverage. Second, the sensitivity of the applied
immunoassay is limited compared to conventional diag-
nostics. However, besides blood cultures, in this setting
no other microbiological tests were available, yielding it
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impossible to confirm S. pneumoniae by conventional
methods (which is the third limitation). Moreover, due
to challenging technical conditions (i.e. temperature,
logistics), the <3% bacteremic cases with pneumococcal
CAP might well be an underestimation. Lastly, the lack of
a healthy control group is a limitation but this has been
overcome by using the antibody measurements in cases
with non-pneumococcal CAP (and using measurements
of the non-infecting serotypes within cases with pneu-
mococcal CAP) as internal controls.

Conclusions

The proportion of S. pneumoniae in childhood cases<5
years with CAP in Bangladesh was high before introduc-
tion of PCV10. Based on serotype-specific pneumococcal
antibodies measurement, the potential PCV10-coverage
was only 29% of the 25 serotypes assayed. The novel
20-valent and 25-valent PCVs could substantially increase
coverage. The serotype distribution differed largely com-
pared to IPD studies from the region and from Western
countries. Future research should focus on mapping the
serotype-specific burden of disease in the region, aiming
towards the development of vaccines directed at protect-
ing children living in this low-income region.
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