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Background Streptococcus pneumoniae (the pneumococcus) is one of the main causes of childhood mortality. Un- ::;:IS 23’;’252;'"
derstanding pneumococcal serotype and lineage distribution in children is important for vaccine decision-making. 101805 o
We undertook a secondary analysis of nasopharyngeal swabs collected from unvaccinated children as part of bublished Oni
pneumococcal vaccine studies to provide a comprehensive picture of pneumococcal carriage epidemiology in LRlshied Bine oo

. . . . https://doi.org/10.
Vietnamese children during the first 60 months of life. 1016/} Janwpc 2026,

101805
Methods We analysed 4375 nasopharyngeal swabs from unvaccinated children to assess overall and vaccine-type

pneumococcal carriage at 6, 12, 18, 24, and 60 months of age. For the latter three age groups, serotype
distribution and genetic lineages (Global Pneumococcal Sequence Cluster, GPSCs) were described overall and by
age. We also evaluated the prevalence of antimicrobial resistance (AMR) genes and multi-drug resistance (MDR),
comparing vaccine-type and non-vaccine-type pneumococci.

Findings Overall pneumococcal carriage was 21-7% (952/4375) with a total of 27 serotypes detected. Serotype
coverage was similar across products Pneumosil (68-6% [95% CI 65-5-71-7%)], 595/867), Prevenar13 (70-0% [95% CI
67-0-73-1%)], 607/867), and Vaxneuvance (70-0% [95% CI 67-0-73-1%)], 607/867), and lower for Synflorix (41-5%
[95% CI 38-2-44-8%)], 360/867) p < 0-05 vs Pneumosil, Prevenar13 or Vaxneuvance. In total, 2444 swabs were tested
at 18, 24, and 60 months. Thirty distinct GPSCs were identified, with their distribution remaining stable across these
ages. AMR genes were highly prevalent, detected in 98-9% (360/364) of samples.

Interpretation Synflorix provided lower serotype coverage than other PCVs, largely driven by the prevalence of
serotype 6A, which is not included in Synflorix formulation. Serotype, lineage distribution, and prevalence of AMR
genes across the sampled age groups remained consistent, indicating that these distributions are broadly repre-
sentative of young unvaccinated children, helping to guide optimal approaches for pneumococcal surveillance in
low- and middle-income countries.
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Research in context

Evidence before this study

The introduction of pneumococcal conjugate vaccines (PCVs)
has substantially reduced the burden of pneumococcal
disease in many countries. However, the pneumococcus
remains a leading cause of morbidity and mortality in young
children globally. As a result of widespread vaccine
introduction, most research has focused on vaccinated
populations, so there are limited data on pneumococcal
carriage in children from unvaccinated settings. We assessed
the existing evidence on pneumococcal carriage from low-
and middle-income countries (LMICs) in the Western Pacific
region through a PubMed search (without language
restrictions) for studies published between 2000 and 2025
including search terms: “Streptococcus pneumoniae”,
“pneumo*”, “colon*”, “carriage”, and “serotype”. Our search
revealed 14 studies including children older than 24 months
in LMICs. Antimicrobial resistance (AMR) is a critical global
health issue but remains poorly characterised in the region.
We identified only 13 studies from the Western Pacific region
that have examined AMR in carriage. These investigations
primarily focus on a limited number of antibiotics and rarely
explored the prevalence of specific AMR genes. In addition,
16 studies in the region used molecular epidemiological
methods. Specifically, only two studies from Vietnam used
multilocus sequence typing (MLST) to characterise
pneumococcal genotypes, and none reported data on Global
Pneumococcal Sequence Clusters (GPSCs).

Added value of this study
This study provides important new data on pneumococcal
carriage in unvaccinated children in a LMIC setting in the

Introduction
Streptococcus pneumoniae (the pneumococcus) is a
leading cause of morbidity and mortality in young
children.! Pneumococci commonly colonise the naso-
pharynx, which is referred to as carriage. Carriage is
considered a pre-requisite for the development of
pneumococcal diseases such as pneumonia, meningitis
or bacteraemia.' The polysaccharide capsule is a key
virulence factor.' Serotypes are distinguished based on
antigenic differences in the capsule structure; more
than 100 serotypes have been recognised.’
Pneumococcal Conjugate Vaccines (PCVs) provide
protection against pneumococcal disease caused by
vaccine serotypes. Serotype replacement, where the
prevalence of non-vaccine serotypes increase in carriage
and disease, is a common phenomenon following vac-
cine introduction.* As of 2025, PCVs are part of the
infant immunisation schedule in 171 countries world-
wide.” However, some low- and middle-income

Western Pacific region. We found that majority of serotypes
carried are vaccine-type (Pneumosil-type, Prevenar13-type or
Vaxneuvance-type) for all children under five years of age,
highlighting the potential benefits of introducing any of
these vaccines in Vietnam. We found that the prevalence of
AMR genes and multi-drug resistance (MDR) was higher in
vaccine-types compared with non-vaccine-types, a pattern
that was consistent across all ages sampled. In addition, this
study is the first to characterise pneumococcal lineages
(GPSGs) in Vietnam, providing valuable baseline data for
future vaccine impact assessments and contributing to a
more comprehensive representation of genomic data from
the Western Pacific region. Given the evolving landscape of
pneumococcal vaccination, with shifts toward reduced-dose
schedules and higher-valency vaccines that are associated
with lower immunogenicity, monitoring the effectiveness of
pneumococcal vaccination programs will remain critical. We
found that carriage data from children sampled at any age
between 6 and 60 months can reliably represent the
pneumococcal population in early childhood, informing
practical solutions for surveillance in resource-limited
settings.

Implications of all the available evidence

Overall, the evidence indicates that the serotypes and
lineages circulating in Vietnam are similar to those present
more widely across the Western Pacific, demonstrating that
data from Vietnam are relevant more broadly. Moreover, our
data from an unvaccinated population informs vaccine
strategies and provides a baseline for future vaccine impact
studies across the region.

countries (LMICs) face challenges and are yet to intro-
duce pneumococcal vaccination into their National
Immunisation Programs, with the major barrier being
the high cost of the vaccines.® In Vietnam, pneumonia
is the primary reason for hospitalisation among chil-
dren, accounting for a significant burden on the
healthcare system.” PCVs are currently only available in
the private market, with plans to incorporate PCV into
the routine vaccination schedule from 2025.*

Given that Asia—Pacific has a high burden of pneu-
mococcal disease, a deeper understanding of pneumo-
coccal microbiology in this region is crucial. Most
studies in the region have been conducted in post-PCV
introduction settings, meaning there are few data from
unvaccinated populations. Additionally, information on
pneumococcal carriage beyond 24 months is
scarce despite its importance, with toddlers and pre-
schoolers significantly contributing to community
transmission.’
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Previously, we led a series of randomised control
trials in Ho Chi Minh City, Vietnam—the Vietnam
Pneumococcal Program—including two main trials,
the Vietnam Pneumococcal Trial I (VPTI),”” and the
Vietnam Pneumococcal Trial IT (VPTII),""" as well as a
follow-up study (VPTII-b*). Here, we utilised naso-
pharyngeal swabs from unvaccinated children from
these studies to provide a comprehensive picture of
pneumococcal microbiology and epidemiology in Viet-
namese children during the first 60 months of life.
These data shed light on serotypes, antimicrobial
resistance, and genetic diversity of pneumococci in
Vietnam, and the potential impact of future vaccine
implementation.

Methods

A total of 4375 swabs were included: 918 from the VPTI
trial, 3091 from the VPTII trial, and 366 from the
VPTII-b study.

Study site, design, participants and swab
collection

VPTI, VPTII, and VPTII-b were carried out in Districts
4,7, and 8 of Ho Chi Minh City. The design, inclusion
and exclusion criteria for VPTI and VPTII have been
published previously.'*'! In brief, these studies enrolled
healthy children from the community with no signifi-
cant medical or perinatal history. A summary of the
study protocols, nasopharyngeal swab collection, labo-
ratory procedures and ethical approval is provided in
Supplementary Methods S1.1 to S1.4. For the current
study, we included all children aged 6-60 months that
were participants in any of three previous studies
(VPTI, VPTII, and VPTII-b) who had not received any
doses of PCV at the time of swab collection. This study
includes nasopharyngeal swabs collected at the same
ages across VPTI and VPTIIL: 6 months (n = 982), 12
months (n =949), 18 months (n = 1150), and 24 months
(n = 928), with additional swabs collected at 60 months
(n = 366) from the VPTII-b.

Serotyping

Details for serotyping procedures are described in
Supplementary Method S1.3. In brief, swabs collected
at 6 and 12 months were screened for pneumococcus
using traditional culture by plating on horse blood agar
plates containing 5 pg/ml gentamicin followed by
identification including colony morphology and opto-
chin susceptibility, followed by serotyping by latex
agglutination/Quellung.”'* Swabs collected at 18, 24,
and 60 months were screened for pneumococcus using
quantitative polymerase chain reaction (PCR) targeting
the IytA gene."” Samples that were positive or equivocal
were cultured on horse blood agar plates supplemented
with 5 pg/ml gentamicin and serotyped by DNA
microarray (Senti-SP version 1.5, BUGS Bioscience) as
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described previously.”® Serotypes from swabs with
multiple serotype carriage were classified as either
major serotype (the serotype with the highest percent
abundance in each sample) or minor serotypes (the
other serotypes present in lower abundance within the
same samples).

AMR analysis

We compared the detection of AMR genes by DNA
microarray between vaccine-type and non-vaccine-type
for the products Synflorix (PCV10-GSK), Pneumosil
(PCV10-SIIL), Prevenarl3 (PCV13), and Vaxneuvance
(PCV15) at 18-, 24-, and 60-months using Fisher’s Exact
test. Multi-drug resistance (MDR) was defined as
pneumococci with three or more AMR genes detected.
The analysis was restricted to samples containing a
single pneumococcal type with no other species present
as previously described.'®

Lineage analysis

Analyses of genetic lineages (defined by Global Pneu-
mococcal Sequence Cluster (GPSC)), was conducted as
previously described.” In brief, GPSCs were inferred
for the major serotypes from DNA microarray data.
Samples that had predominantly non-pneumococci
detected were excluded from further analysis. The
proportion of samples belonging to each GPSC was
plotted using R package ‘ggplot2’ (version 3.3.5).

Statistical analysis

Statistical analyses were conducted using Stata (version
17.0) or GraphPad Prism (version 8.0.2). Nasopharyn-
geal samples that were lytA qPCR positive (Ct < 35) but
could not be serotyped (either culture negative or low
DNA yield from DNA extraction) were classified as
pneumococcal positive with an unknown serotype and
included in the overall carriage prevalence analysis.
Multiple serotype carriage was assessed both including
and excluding non-typeable strains. Prevalence at each
age was determined by dividing the number of carriers
by the total number of participants with available
microbiology results, presented as a percentage with
95% confidence interval (CI). Vaccine coverage was
calculated as the proportion of isolates of a vaccine
serotype out of the total number of capsular pneumo-
cocci detected. The serotypes included in each vaccine
were as follows: Synflorix (serotypes 1, 4, 5, 6B, 7F, 9V,
14, 18C, 19F, 23F), Pneumosil (serotypes 1, 5, 6A, 6B,
7F, 9V, 14, 19A, 19F and 23F), Prevenarl3 (includes
Synflorix serotypes plus 3, 6A, 19A), and Vaxneuvance
(includes Prevenar13 serotypes plus serotypes 22F, and
33F). Bacterial density data were log; transformed and
reported as median log;, genome equivalents/ml
(log1o GE/ml) with interquartile range (IQR). Contin-
uous variables were reported as median and IQRs, and
Mann-Whitney Test was used to compare groups.
Categorical data were presented as counts and
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percentages and differences were assessed using
Fisher’s Exact test. All p-values were two-tailed, and a p-
value of <0-05 was considered statistically significant.

Ethics approval

VPTI received ethical approval from the Human
Research Ethics Committee of the Northern Territory
Department of Health and Menzies School of Health
Research (EC00153) and the Vietnam Ministry of
Health Ethics Committee. VPTII received ethical
approval from the Human Research Ethics Committee
of the Royal Children’s Hospital Melbourne
(HREC36027) and the Vietnam Ministry of Health
Ethics Committee. VPTII-b received ethical approval
from the Human Research Ethics Committee of the
Royal Children’s Hospital Melbourne (HREC85642)
and the Pasteur Institute of Ho Chi Minh City Insti-
tutional Review Board. VPTI and VPTII are both
registered at ClinicalTrials.gov (NCT01953510 and
NCTO03098628, respectively).

Role of funding source

The VPTI trial was supported by the National Health
and Medical Research Council of Australia (grant
number 566792) and the Gates Foundation (grant
number OPP1116833); VPTII and VPTII-b work was
supported by the Gates Foundation (grant number:
INV-004916). The Murdoch Children’s Research Insti-
tute is supported by the Victorian Government’s
Operational Infrastructure Support Program. The fun-
ders of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. The corresponding author had full access
to all the data in the study and had final responsibility
for the decision to submit for publication.

Results
Overall, 4375 swabs were collected from 3124 unvacci-
nated children aged 6-60 months.”*"" Similar pneu-

mococcal carriage prevalences were observed between
VPTI and VPTII at all shared time points
(Supplementary Table S1). Participant characteristics
were also comparable across the two studies, with the
only difference being a 0-2 month difference in median
age between studies for the 18-month swab
(Supplementary Table S2). As this age difference is
unlikely to have any meaningful effect on carriage pa-
rameters, data from VPTI and VPTII were combined
for subsequent analyses.

Overall pneumococcal carriage across all ages was
21-7% (952/4375); 15-8% (155/982) at 6 months, 22:9%
(217/949) at 12 months, 25-7% (296/1150) at 18
months, 24-6% (228/928) at 24 months, and 15-3% (56/
366) at 60 months (Table 1). Pneumococcal capsular
carriage across all ages was 18:7% (818/4375), with
most (773/818, 94-5%) pneumococcal-positive samples

containing a single serotype. Multiple capsular pneu-
mococcal carriage among positive pneumococcal sam-
ples ranged from 0-9% (2/217; 95% CI 0-1-3-2) at 12
months to 6-6% at 24 months (15/228; 95% CI 3-7-
10-6) as shown in Supplementary Table S3. Including
non-encapsulated pneumococci, multiple serotype car-
riage was still low at 7-7% (73/953).

A total of 1029 pneumococci were detected (n = 867
capsular pneumococci; n = 162 non-typeable pneumo-
cocci), representing 27 different serotypes. The most
common serotypes were 6A (158/1029, 15-3%), 6B
(114/1029, 11-1%), 23F (111/1029, 10-8%), 19F (102/
1029, 9-9%), 15A (84/1029, 8-2%), 19A (71/1029, 6:9%),
15B/C (57/1029, 5-5%), and non-typeable (162/1029,
15-7%); together these accounted for 83-5% (859/1029)
of all the pneumococci detected. The relative proportion
of each serotype was similar across the ages examined
(Fig. 1). In the 73 samples with multiple serotype car-
riage there were 73 major serotypes and 77 minor se-
rotypes (n = 69 with two serotypes, and n = 4 with three
serotypes). The most common major serotypes were
23F (11/73, 15-1%), 6A (10.73, 13-7%), 19F (9/73,
12:3%), and non-typeable (12/73, 16-4%), the most
common minor serotypes were 6A (11/77, 14-3%), 19F
(10/77, 13%), and non-typeable (31/77, 40-2%), as
shown in Supplementary Table S4.

We examined the vaccine-type carriage prevalence
for the serotypes included in current available paediat-
ric PCVs, specifically: 10 valent (Synflorix and Pneu-
mosil), 13 valent (Prevenarl3), and 15 valent
(Vaxneuvance) vaccines (Table 1). Serotype coverage
was similar across Pneumosil, Prevenarl3 and Vax-
neuvance, despite the differences in valency between
products. Pneumosil-type carriage (191/1150, 16-6%)
was higher than Synflorix-type carriage (123/1150,
10-7%) despite both being 10-valent vaccines, driven by
the high prevalence of serotype 6A and 19A (included in
Pneumosil), and low prevalence of serotypes 18C and 4
(included in Synflorix).

To examine the lineage composition of pneumo-
cocci, we assessed genetic lineage from the 513 swabs
with DNA microarray data available. Of these, lineage
could be inferred from 464 samples (90-4%); 295, 118
and 51 samples from children aged 18 months, 24
months, and 60 months, respectively. The remaining 49
samples were excluded because non-pneumococcal
species were detected at the highest relative abun-
dance which confounds GPSC assignment. In total, 30
GPSCs were identified across all ages. GPSC13,
GPSC1, GPSC397, GPSC9, GPSC23, GPSC14, GPSCo,
GPSC16, GPSC5 and GPSC45 are the most common
GPSCs in this population which together accounted for
89:1% of all pneumococci examined (Fig. 2). When
stratified by age, the majority of GPSCs were identified
across all groups, and their relative proportions
remained broadly similar across ages, with some vari-
ation at 60 months (Fig. 2).
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6m 12m 18m 24m 60m
Any pneumococcus 155/982 217/950 296/1150 228/928 56/366
15-8 (13-5-18-2) 22-9 (20-2-25-7) 25.7 (23-2-28-4) 24-6 (21-8-27-4) 15-3 (11:7-19-4)
Synflorix-type 55/982 81/950 123/1150 87/928 14/366
5.6 (4-2-7-2) 8.5 (6-8-10-5) 10-7 (8-9-12-6) 9-4 (7-6-11-4) 3-8 (2:1-6-4)
Prevenar13-type 93/982 133/950 196/1150 131/928 29/366
9-5 (7-7-11-5) 14-0 (11-9-16-4) 17-0 (14-9-19-3) 14-1 (11-9-165) 8.0 (5-4-11-2)
Pneumosil-type 91/982 129/950 191/1150 130/928 29/366
9-3 (7-5-11-2) 13-6 (11-5-15-9) 16-6 (14-5-18-9) 14-0 (11-8-16-4) 7-9 (5-3-11-1)
Vaxneuvance-type 93/982 133/950 196/1150 131/928 29/366
9-5 (7-7-11-5) 140 (11-9-16-4) 17-0 (14-9-19-3) 14-1 (11-9-16-5) 7-9 (5-3-11-1)
n/N represents the number of positive samples containing the specified vaccine type (n) out of the total pneumococcus-positive cases (N) at that age. PCV10-GSK
(Synflorix) serotypes: 1, 4, 5, 6B, 7F, 9V, 14, 18C, 19F, 23F. PCV13 (Prevenar13) serotypes: PCV10-GSK serotypes plus serotypes 3, 6A, and 19A. PCV10-SIIL (Pneumosil)
serotypes: 1, 5, 6A, 6B, 7F, 9V, 14, 19A, 19F, and 23F. PCV15 (Vaxneuvance) serotypes: include PCV13 serotypes plus serotypes 22F, and 33.
Table 1: Serotype proportion (n/N) and carriage prevalence % (95% Cl) in current and upcoming PCV vaccines in unvaccinated children at 6, 12, 18,
24, and 60 months of age in Vietnam.

When examined by serotype, we observed that se-
rotypes 19F, 11A, 3, and 34 were each comprised of one
lineage (GPSC1, GPSC6, GPSC12, GPSC45, respec-
tively). In contrast, other serotypes comprised of mul-
tiple GPSCs, including serotypes 14 (GPSC9, GPSCS,
GPSC1, GPSC279, and GPSC6), 15B/C (GPSC6,
GPSC16, and GPSC48), 23A (GPSC5, GPSC10 and
GPSC6) 23F (GPSC14, GPSC16, GPSC624, and
GPSC9), and 6B (GPSC23, GPSC13, GPSC47,
GPSC321, and GPSC852). Of note, GPSC397 was

100

Proportion (%)

found exclusively in non-encapsulated pneumococdi, as
detailed in Supplementary Table S5. For the six most
prevalent serotypes in this population, the distribution
of lineages within each serotype generally remained
consistent across the ages examined. Exceptions
included serotype 23F, where GPSC16 was not detec-
ted; 15B/C, where GPSC16 and GPSC48 were absent;
and 6B, where GPSC321 emerged while GPSC852 and
GPSC47 were not detected at 60 months, as represented
in Supplementary Figure S1.

3
W 13 m 34
o 14 B 35A
154 [ 35B
M 158/C W 4
M 16F M 45
W 17F M 6A
W 1sC M 6B
19A W 6C
[l 19c W 7C
W 19F W 9A
20 M ov
M 234 M NT
W 23F

6 12 18

Age (months)

24 60

Fig. 1: Proportion of each pneumococcal serotype (%) among all pneumococcal-positive swabs at 6 months (n = 158), 12 months
(n = 223), 18 months (n = 337), 24 months (n = 254), and 60 months (n = 57) in unvaccinated Vietnamese children. NT, non-typeable

pneumococci.
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Fig. 2: Proportion of pneumococcal positive samples belonging to different GPSC lineages. Lineage data are inferred from DNA
microarray results; therefore, ages 6 and 12 months are not included. Panel a shows the overall lineage prevalence across all included
ages (18, 24 and 60 months), as a percentage. Numbers above the bars indicate the total number of pneumococcal samples identified
for each GPSC. Panel b shows the relative distribution of GPSCs at 18 months (n = 295), 24 months (n = 118) and 60 months old
(n = 51). GPSCS were inferred for the calls with the highest relative abundance using DNA microarray. GPSC, global pneumococcal
sequence cluster.
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Data on the presence of 10 AMR genes were ana-
lysed from samples with DNA microarray data that
contained a single pneumococcal serotype with no
other species present (n = 364). The presence of AMR
genes was very common across all ages, with at least
one AMR gene found in 98-3% (230/234), 100% (89/
89), and 100% (41/41) of the samples at 18, 24, and 60
months, respectively. At all ages, the most prevalent
AMR genes were ermB and tetM, conferring resistance
to erythromycin and tetracycline, respectively.

We examined AMR prevalence in vaccine-types and
non-vaccine-types for the current available paediatric
PCVs, specifically 13 valent (Prevenarl3) vaccine
(Table 2) as well as 10 valent (Synflorix and Pneumosil),
and 15 valent (Vaxneuvance) vaccines (Supplementary
Tables S6-S8). Two AMR genes (cat and mefA, confer-
ring resistance to chloramphenicol and macrolides,
respectively) exhibited a higher prevalence in Pre-
venarl3-types compared with non-Prevenarl3-types
(Table 2). The cat gene was detected in a higher pro-
portion of Prevenarl3-types at 18 months (P < 0-001)
and at 24 months (P = 0-001) compared with non-Pre-
venar13-types. Similarly, the mefA gene, was detected in
a higher proportion of Prevenarl3-types at 18 months
(P < 0-001) and at 24 months (P = 0-005) compared with
non-Prevenarl3-types. We observed that MDR was
higher in Prevenar13-types compared with non-Pre-
venar13-types at 18 and 24 months (P < 0-001) (Table 2).
Similar trends were observed when comparing AMR
prevalence in Synflorix-type versus non-Synflorix-type;
Pneumosil-type to non-Pneumosil-type, at 18, 24 and
60 months (Supplementary tables S6-S8). The propor-
tion of AMR among Vaxneuvance-types is the same as

for Prevenarl3-types, given the additional serotypes in
Vaxneuvance (22F and 33F) were not detected.

We also examined MDR prevalence by genetic
lineage among samples with lineage data available. A
total of 111 out of 464 (23-9%) samples did not meet the
inclusion criteria (containing more than one pneumo-
coccal serotype, or other bacterial species present) and
were excluded from this analysis. MDR was identified
in 45-6% (n = 161/353) of all samples containing a
single pneumococcal serotype. The GPSCs with the
largest numbers of MDR isolates were GPSC1 (50/52,
96-2%), GPSC16 (15/16, 93-8%), GPSC13 (44/59,
74-6%), and GPSC23 (18/29, 62-71%) (Fig. 3). MDR in
these lineages was closely associated with some sero-
types: GPSC1 (19F, 24/50; and 194, 26/50), GPSC16
(23F, 11/15; and 15B/C, 4/15), GPSC13 (6A, 41/44; and
6B, 3/44), and GPSC23 (all 6B, 18/18).

For the 580 pneumococcal-positive samples
collected at 18 (n = 298), 24 (n = 229), and 60 months
(n = 53), pneumococcal density was obtained by IytA
qPCR. Overall pneumococcal density was 5-91
log1o GE/ml and was similar between age groups (6-0
log1o GE/ml, 5-87 log;o GE/ml, and 5-68 log;o GE/ml at
18, 24, and 60 months, respectively) (Supplementary
Figure S2). We analysed serotype-specific density at
18, 24, and 60 months, focussing on the ten serotypes
where carriage was observed in all age groups (6A, 6B,
15A, 15B/C, 19A, 19F, 23A, 23F, 34, 35B) although
noting that data are sparse for the age of 60 months.
Overall, we found no consistent patterns across age
groups. Compared with 18 months, there was some
evidence that point estimates for pneumococcal density
were lower in children aged 24 months (for serotypes

AMR gene 18 months 24 months 60 months
Prevenar13-type Non-Prevenar P value® Prevenar13-type Non-Prevenarl3-type P value® Prevenarl3-type Non-Prevenari3-type P value®
(N=147)  13-type (N = 55) (N=37) (N =30) (N = 24) (N = 14)

aphA3 3 (2%) 0 (0%) 0-383 3 (8%) 1 (3%) 0-390 - - -

cat 47 (32%) 3 (5%) <0-001 18 (49%) 3 (10%) 0-001 5 (23%) 2 (14%) 0-433
ermB 132 (90%) 52 (94%) 0-223 37 (100%) 29 (97%) 0-448 20 (91%) 14 (100%) 0-367
ermC 9 (6%) 3 (5%) 0-579 6 (16%) 3 (10%) 0-355 2 (9%) 0 (0%) 0367
mefA 50 (34%) 3 (5%) <0-001 11 (30%) 1 (3%) 0-005 6 (27%) 0 (0%) 0-038
tetk 5 (3%) 2 (4%) 0-613 3 (8%) 1 (3%) 0-390 0 (0%) 1 (7%) 0389
tetM 135 (92%) 3 (96%) 0-212 37 (100%) 29 (97%) 0-448 20 (91%) 14 (100%) 0-367
tetO 0 (0%) 0 (0%) - 0 (0%) 1 (3%) 0-448 0 (0%) 0 (0%) -
tetl 0 (0%) 0 (0%) - 0 (0%) 0 (0%) - 0 (0%) 0 (0%) -
sat4 3 (2%) 0 (0%) 0-383 3 (8%) 0 (0%) 0-162 0 (0%) 0 (0%) -

any AMR gene 144 (98%) 54 (98%) 0-701 37 (100%) 30 (100%) = 22 (100%) 14 (100%) =
Multi-drug resistance” 91 (62%) 5 (12%) <0-001 30 (81%) 10 (29%) <0-001 11 (50%) 3 (21%) 0-085
AMR, Antimicrobial resistance genes. AMR and their associated resistance: aphA3 (kanamycin), cat (chloramphenicol), ermB, ermC (erythromycin), mefA (macrolides), tetK, tetM, tetO, tetl (tetracycline),
sat4 (streptothricin). The analysis was restricted to samples containing a single pneumococcal type with no other species present. Dashes (-) indicate cases where statistical testing was not performed
due to the absence of the respective AMR genes in both groups, or in cases where both groups were identical. “The difference between Prevenar13-types vs non-Prevenarl3-types was calculated using
Fisher's Exact test. "Multi-drug resistance is defined as the presence of three or more AMR genes.
Table 2: AMR in unvaccinated Vietnamese children aged 18, 24, and 60 months as detected by DNA microarray. The prevalence of AMR genes in samples containing Prevenar13-
serotypes and non-Prevenar13-serotypes is reported.
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Fig. 3: Proportion of multi-drug resistance isolates (MDR) among Global Pneumococcal Sequence Clusters (GPSCs). Bars are scaled from
0 to 1, showing the relative proportion of MDR and non-MDR isolates within each GPSC. The total number of samples for each GPSC is
displayed on the top of the corresponding bar. MDR was defined as the presence of three or more antimicrobial resistance genes.
Analysis was restricted to samples with a single serotype and only GPSCs with more than 10 samples are shown.

15B/C and 23A), and 60 months (for serotypes 15A,
15B/C, 23A and 34). In contrast, for serotype 6B we
observed some evidence of higher density at ages 24
and 60 months old as shown in Supplementary
Figure S3.

Discussion
Pneumococcal carriage studies in LMICs have primar-
ily focused on populations following PCV introduction.
As such, there is limited contemporary data from un-
vaccinated children. Collecting baseline data in unvac-
cinated populations is essential for assessing the impact
of vaccination in both serotype and lineage distribution.
Here, we investigated pneumococcal carriage preva-
lence, serotype distribution, lineage composition, and
AMR prevalence in Vietnamese children. Pneumo-
coccal carriage was 21-7% which is similar to a cluster
randomised trial in Nha Trang, Vietnam."* Multiple
serotype carriage was low across all ages (1-0%-7-9%),
consistent with other findings in Vietnam," and likely
reflects its relatively low overall carriage prevalence.
Regional comparisons show that overall carriage prev-
alence is higher in neighbouring countries: 55.8% in
12-23-month-old children in Laos PDR (with multiple
serotype carriage at 8.2%) and 60.1% in the same age
group in Mongolia (with multiple serotype carriage at
13.19).1°

The serotype distribution across the sampled age
groups in Vietnam remained relatively consistent,
suggesting that pre-PCV serotype distribution from 6 to
60 months is broadly representative of young children.
This consistency can be valuable for public health and
future research, as it indicates that sampling

unvaccinated children at any age within this range can
provide meaningful insights into circulating serotypes.
Five of the most common serotypes found in this
population were vaccine serotypes (6A, 6B, 19A, 19F,
23F) and the most prevalent non-vaccine serotypes were
15A, 15B/C, and 23A. Serotypes 19F, 23F, and 6B were
the most common serotypes found both in carriage and
invasive pneumococcal disease cases in South East
Asian countries.”

We found Synflorix-type carriage was lower
compared to Prevenarl3-type and Pneumosil-type car-
riage across all ages. Although Pneumosil is a 10-valent
vaccine the prevalence of Pneumosil-types was similar
to Prevenarl3-types. This is largely explained by the
high prevalence of serotype 6A (present in Prevenarl13
and Pneumosil, but not in Synflorix) in this population.
Interestingly, the carriage prevalence of serotypes
within Vaxneuvance and Pneumosil were very similar.
While higher-valency vaccines like Vaxneuvance are
designed to broaden serotype coverage, their higher
costs can limit implementation.”’ Among the available
vaccines, Pneumosil is a lower-cost option, making it a
practical choice for many resource-limited settings.
Cost-effectiveness studies can be helpful in deter-
mining whether higher-valency vaccines offer sufficient
benefits to justify their implementation.

Similar to the serotype distribution, lineage distri-
bution was consistent across all ages. The dominant
GPSCs identified in Vietnam have also been reported in
other countries in the region, including Cambodia and
Mongolia, suggesting their widespread circulation
across the region.””” GPSC1, a globally prevalent
pneumococcal lineage typically associated with sero-
types 3, 14, 19A, 19F, and 23F, was most frequently
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linked to serotype 19A in our study, consistent with
reports from other Asian countries such as India,
Cambodia, China, Thailand, and Malaysia.** GPSC12
was associated with serotype 3 in our study, and is
recognised as the sole lineage consistently expressing
serotype 3 worldwide.”” Globally, GPSC6 has been
associated with serotypes 9V and 14, with occasional
detection in serotypes 194, 19F, and 23F.* In our study,
GPSC6 was more frequently linked to serotypes 15B/C
and 11A, while 9V and 14 were observed less
commonly. This divergence from global trends may
reflect local selective pressures, which can shape
lineage-serotype  associations  differently  across
geographic settings highlighting importance of country
specific studies. GPSC9, previously reported in
Mongolia as predominantly associated with serotype
15A post-vaccine introduction,”” was similarly almost
entirely composed of serotype 15A in our study.
Antibiotic resistance is a growing concern globally
and the burden associated with drug resistant in-
fections in Southeast Asia is high.” In our study, at
least one AMR gene was detected in over 98% of
pneumococcal samples tested. These results exceed
AMR rates reported in other countries using the same
DNA microarray methods, including Laos PDR (70%)
and Mongolia (82%).'*"” In Vietnam, the use of antibi-
otics in both human and animal health sectors is high,
with Vietnam ranking 11th globally in antibacterial
consumption, and with prevalent over-the-counter ac-
cess to antibiotics, which could also contribute to the
low overall carriage prevalence observed.” The most
commonly identified AMR genes were ermB and tetM,
conferring resistance to erythromycin (a macrolide) and
tetracycline, respectively. Notably, macrolide-resistant
pneumococci have been listed on the 2024 WHO Bac-
terial Priority Pathogens List.”® Previous studies have
shown that vaccine serotypes are more likely to harbour
AMR genes than non-vaccine serotypes,'® and our data
from Vietnam is consistent with this for cat and mefA,
conferring resistance to chloramphenicol and macro-
lides, respectively. We also observed higher rates of
multi-drug resistance in vaccine serotypes compared
with non-vaccine serotypes. Regardless of age, we
found a similar pattern of AMR gene prevalence, sug-
gesting that the distribution of these genes is broadly
consistent across the ages assessed. The introduction of
PCV in Vietnam has potential to reduce pneumococcal
AMR. Evidence from other countries with high levels of
AMR suggests that PCV vaccination programs may
contribute to reducing the prevalence of AMR pneu-
mococci in both children and adults, although the
extent of this effect could vary across settings.""* In our
study, the GPSCs with the highest proportion (>50%) of
multidrug-resistant isolates were GPSC1, GPSC16,
GPSC13, and GPSC23. These findings are consistent
with global trends reported in previous studies. For
instance, GPSC1 and GPSC16 have been strongly
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associated with tetracycline resistance through the
presence of the tetM gene.” The GPSC23 lineage is
globally disseminated; observed in 13 countries across
Africa, Asia, Europe, North and South America and it is
known to have multi-drug resistance.”* GPSC13 is
largely associated with serotypes 6A and 6B which are
prevalent in Vietnam, however, there is limited infor-
mation on this lineage in the literature.”

This study has several strengths. First, we included
older children (60 months), who are often underrepre-
sented in pneumococcal studies. Vietnam has not yet
introduced the pneumococcal vaccine into its national
immunisation program, providing a valuable opportu-
nity to collect contemporary baseline data that can
inform vaccine policy as well as public health strategies
both nationally and across the region. Another key
strength is the comprehensive sampling of the same
children at different ages, providing valuable insights
into the pneumococcal carriage during the first five
years of life. Additionally, we utilised sensitive molec-
ular techniques to measure pneumococcal density,
enabling the detection of multiple serotypes within the
same sample and allowing us to infer genetic lineages.
These findings provide important data to assess the
impact of PCV introduction in Vietnam in the future.
However, there are some limitations. Traditional sero-
typing methods were used for samples collected at 6
and 12 months, and DNA microarray for 18, 24 and 60
months. Importantly, as both techniques rely on an
initial culture step, their sensitivity for detecting pneu-
mococci is expected to be comparable. Although mo-
lecular serotyping is more sensitive for detecting
multiple serotype carriage, the prevalence of multiple
carriage in our study was low, making it unlikely that
this methodological difference meaningfully influenced
our results.***> We had a smaller number of children
sampled at 60 months, and pneumococcal carriage at
that age was low, which could influence the robustness
of some of our estimates. In addition, AMR analysis
was conducted with data generated using DNA micro-
array, that includes probes primarily designed for
serotype determination, however microarray slides also
include oligos for some AMR genes. Our microarray
panel cannot reliably distinguish between some allelic
variants required for some clinically important resis-
tance mechanisms (penicillin, cephalosporins and flu-
oroquinolones), therefore the overall resistance burden
captured in this study may be underestimated. Our
findings should therefore be interpreted as reflecting
the ecology of detectable AMR determinants rather than
a complete clinical susceptibility profile. In future
studies, phenotypic testing and/or whole genome
sequencing could be used to provide information on the
determinants not detected by DNA microarray.

Our study provides essential baseline data on
pneumococcal carriage, including serotype and lineage
distribution, as well as antimicrobial resistance, in
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unvaccinated children. Our findings revealed some of
Vietnam'’s similarities in comparison to neighbouring
countries, demonstrating that data from Vietnam are
broadly relevant and can help inform vaccine research
and policy decisions across the region. Given the
ongoing development of newer, higher-valency vac-
cines, our results establish the importance of making
informed vaccine choices that consider local epidemi-
ology. While higher-valency vaccines may expand
serotype coverage, they are typically more expensive and
could require additional doses. Our results provide
valuable data to support vaccine decision-making,
particularly in LMICs. Importantly, the consistent
trends observed in serotype distribution, lineage, and
AMR genes prevalence across age groups suggest that
similar epidemiological insights can be obtained from
sampling young children at any age, enabling more
flexible carriage study designs that can be adapted to
local logistical and resource constraints across diverse
settings.
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