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Background: Streptococcus pneumoniae Serotype 3 (SPN3) remains a significant cause of morbidity and mortality
worldwide despite of pneumococcal conjugate vaccine (PCV) implementation. We explored genomic profile of
SPN3 from children and adult groups to understand population structure and evolution dynamics of SPN3 in
Indonesia.

Methods: We undertook whole genome sequencing (WGS) from 19 isolates of SPN3 in Indonesia between 2017
and 2021 prior to PCV introduction. This study assessed sequence types (STs), global pneumococcal sequence
cluster (GPSC), genome prediction of antimicrobial resistance (AMR) profile, pangenome analysis, phylogenetic
tree, and genome comparative of capsular polysaccharide (cps) locus.

Results: We identified ST451-GPSC234 (n = 5) and ST180-GPSC12 (n = 4), ST458-GPSC51 (n = 2), ST3805-
GPSC12 (n = 2), ST4909-GPSC363 (n = 2), ST700-GPSC10 (n = 1), ST5292-GPSC309 (n = 1), ST505-GPSC12
(n = 1), and ST4233 (n = 1). Genome prediction of AMR discover isolates were resistant to tetracycline (n =
5); co-resistant of chloramphenicol and tetracycline (n = 2); co-trimoxazole and tetracycline (n = 1). We
observed SPN3 possess closed pangenome characteristic, indicates more stable genetic repertoire. We found 5
absent genes in cps locus including cpsABCD and tnp in ST700-GPSC10 lineage.

Conclusions: SPN3 has potential genomic profile to enhance the ability of this strain to endure selective pressure
such as PCV introduction.

Indonesia

1. Introduction

Streptococcus pneumoniae serotype 3 (SPN3) is a major cause of
invasive pneumococcal disease (IPD) and remains found in carriage
despite its inclusion in the 13-valent pneumococcal conjugate vaccine
(PCV13).! Observational studies of IPD in children and
community-associated pneumonia in adults have demonstrated vary
effectiveness of PCV13 against this serotype.”> In Indonesia, SPN3 ac-
counts for 4.9 % of pneumococcal carriage in children under <5 years of
age and found as the highest prevalence across South East Asian coun-
tries.” The prevalence rate of SPN3 in Indonesian adults remains limited.

* Corresponding author.

However, SPN3 was identified as the most acquired serotype during Hajj
in Indonesian pilgrims and predominant serotype in adult patients with
community-acquired pneumonia in Jakarta, Indonesia.>° SPN3 exhibits
a distinctive genetic, phenotypic, and epidemiologic profile with higher
prevalence in the adult population and lower colonization rate among
children.”

SPN3 is primarily distinguished by its high virulence, high inva-
siveness, high mortality, and susceptible to clinical antibiotics.® The
most commonly known characteristic of SPN3 is a thicker capsule that is
less tightly attached to the cell surface, which may contribute to immune
evasion among vaccinated individuals and severe clinical
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manifestations.” SPN3 has different capsular polysaccharide (CPS)
biosynthesis from other serotypes via synthase-dependent pathway,
leading to profuse production and release of capsule which overwhelms
the protective capacity of antibody that is elicited by the vaccine. %!

SPN3 lineages exhibit significant geographic variation and a pro-
pensity for higher segregation and recombination than other serotypes.
The distribution of SPN3 ST and GPSC was globally assessed under
Global Pneumococcal Sequencing Project.'> Genomic analysis has
revealed that SPN3 refined the population structure into three clades:
1a, 1B, and IL.'® A genomic study in England and Wales shows that clade
I has expanded since 2014 and represents 50 % of IPD cases.'
Furthermore, a recent study in Malawi also demonstrates that
ST700-GPSC10 lineage are less susceptible to opsonophagocytic killing
which could enhance vaccine escape and clonal expansion after PCV13
introduction.*®

Geographical differences and high birth rate possess challenges for
implementing vaccination programs in Indonesia. However, introduc-
tion of PCV13 with 2 + 1 schedule among children has begun from 2022
in Indonesia. Despite its inclusion in PCV13, genomic analysis of SPN3
before and after the introduction of PCV is crucial for understanding the
evolution and adaptation of this serotype in response to vaccine intro-
duction. Genome analysis may reveal population structure dynamics
and the emergence of antibiotic-resistant subpopulations, which have
implications for vaccine design and public health strategies.'® Hence,

Table 1
An overview of genomic profile SPN3.
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this study aims to analyze genomic profile of collected isolates SPN3 in
Indonesia prior to PCV introduction from 2017 to 2021 including
circulating ST, GPSC, genomic AMR prediction, constructing pan-
genome analysis, phylogenetic insight, and genome comparison of
capsular polysaccharide (cps) locus.

2. Methods

2.1. Sample collection

Sample collections were conducted from 2017 to 2021 (n = 19)
(Table 1). We obtained a total of 19 isolates from 14 carriage isolates and
5 clinical isolates from IPD patient. We collected isolates from naso-
pharyngeal swabs (NP swab) in children (n = 7) and adult above 18
years old (n = 7). We also obtained isolates from cerebrospinal fluid
(CSF) (n = 1), sputum (n = 1), blood (n = 2), and bronchoalveolar
lavage (BAL) (n = 1) in children and adult group.s’(””’19 A total of 19
isolates were confirmed as SPN3 by multiplex polymerase chain reaction
(PCR) and Quellung reaction in the previous study.”' &2

2.2. DNA extraction and sequencing

Archived isolates were cultured on 8 % sheep blood agar and incu-
bated in 5 % of CO; for 18-24 h. On the following day, one loop of

No. Sample ID SRR code Age Specimen Type Region Year of GPSC MLST  Allelic Profile
(year) collection aroE  gdh  gki recP  spi  xpt ddl
1 SU0209A SRR 55 Nasopharyngeal Surabaya, East 2015 10 700 12 11 2 6 6 22 14
25316461 (NP) swab Java
2 MAO0208A SRR 61 NP swab Makassar, 2015 12 180 7 15 2 10 6 1 22
25316481 South
Sulawesi
3 MAO020B SRR 61 NP swab Makassar, 2015 309 5292 2 32 165 171 6 112 145
25316493 South
Sulawesi
4 MAO0126B SRR 29 NP swab Makassar, 2015 51 458 2 32 9 47 6 21 17
25316486 South
Sulawesi
5 MAO189B SRR 63 NP swab Makassar, 2015 51 458 2 32 9 47 6 21 17
25316483 South
Sulawesi
6 ME0080B SRR 75 NP swab Medan, North 2015 12 505 46 8 2 10 6 1 22
25316479 Sumatra
7 S975 SRR No Sputum Jakarta 2019 234 451 1 423 28 1 9 1 17
25316466 data
8 12798236 SRR 67 Blood Surabaya, East 2021 363 4909 2 12 19 1 6 1 22
25316518 Java
9 12819835 SRR 32 Cerebrospinal fluid Surabaya, East 2021 363 4909 2 12 19 1 6 1 22
25316517 Java
10 2372563 SRR 78 Bronchoalveolar Jakarta 2021 12 180 7 15 2 10 6 1 22
25316544 lavage
11 RMD 139 SRR 63 NP swab Manado, 2020 12 180 7 15 2 10 6 1 22
25316469 North
Sulawesi
12 2171 GK SRR 4 NP swab Gunung Kidul, 2017 234 451 1 423 28 1 9 1 603
29733325 Yogyakarta
13 2402 GK SRR 4 NP swab Gunung Kidul, 2017 234 451 1 423 28 1 9 1 603
29733324 Yogyakarta
14 2393 GK SRR 2 NP swab Gunung Kidul, 2017 234 451 1 423 28 1 9 1 17
29733323 Yogyakarta
15 2311 GK SRR 4 NP swab Gunung Kidul, 2017 12 180 7 15 2 10 6 1 novel
29733322 Yogyakarta
16 RA 3041 SRR 15 NP swab Jakarta 2021 234 451 1 423 28 1 9 1 17
29733319
17 RA 1033 SRR 14 NP swab Jakarta 2021 12 3805 7 203 40 1 6 1 22
29733321
18 RA 2033 SRR 13 NP swab Jakarta 2022 12 3805 7 203 40 1 6 1 22
29733320
19 10592 SRR <1 Blood Medan, North 2021 Not 4233 15 16 1 16 6 6 14
25316550 Sumatra assigned
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overnight culture was inoculated into 5 mL of brain heart infusion and 1
mL of rabbit serum for 5 h as part of pre-lysis step. DNA extraction of
S. pneumoniae was carried out using DNeasy Blood and Tissue® kit
(Qiagen, Carlsbad, CA, USA) with pre-treatment of mutanolysin and
lysozyme. Genomic DNA extracts was sequenced at PT Indolab Utama,
Jakarta, Indonesia/Macrogen Co., Ltd., Singapore. Library preparation
was performed using TruSeq Nano DNA kit on Illumina NovaSeq6000
platform according to the manufacture instructions with 2 x 150 bp and
100x coverage (Illumina, NE, USA).?!

2.3. Identification of ST, GPSC, and genomic AMR prediction

Raw sequencing data were analyzed using ASA®P bioinformatics
pipeline (https://github.com/oschwengers/asap). ASASP pipeline were
used for quality control (FastQC), trimming (Trimmomatic) and
construct de novo genome assembly (SPAdes).”” Genome assembly file
output from ASA®P were submitted to Pathogenwatch (https://pathog
en.watch/) to obtain general overview of genomic profile SPN3
including species name, taxonomy ID, genome length (bp), GC content,
serotype, sequence type (ST), GPSC, and genomic prediction of antimi-
crobial resistance (AMR). Pathogenwatch retrieved database from
PubMLST for ST assignment. The outcomes of the assembly will be
submitted concurrently to PubMLST (https://pubmlst.org/) to acquire
an official ST assignment in cases Pathogenwatch identifies a new
combination of existing allelic profile. Genomic AMR prediction were
retrieved database from PAARSNP AMR Library 1313 version 0.0.16.
Database of AMR genomic prediction in Pathogenwatch were included
chloramphenicol, clindamycin, erythromycin, fluoroquinolones, kana-
mycin, linezolid, tetracycline, trimethoprim, sulfamethoxazole, and
co-trimoxazole.

2.4. Pangenome analysis

Pangenome analysis is a comprehensive approach to understanding
the genetic composition of SPN3 by combining the genetic information
from multiple STs. A total of 19 isolates from 11 different ST were used
to construct pangenome. The pangenome analysis was conducted by
Anvi’O v.7.1 following pangenome workflow (https://merenlab.org/
2016/1 1/08/pangenomics—v2/).23

2.5. Phylogenetic tree

We performed BacWGSTdb v.2.0 (http://bacdb.cn/BacWGSTdb/
index.php) in whole SNP analysis to generate.nwk files output for
phylogenetic tree visualization. Metadata of SPN3 and.nwk files were
submitted to Microreact (https://microreact.org/) for visualization.

2.6. Genome comparative of cps locus

Comparative genome of cps locus SPN3 was performed by Gene-
viewer (https://github.com/nvelden/geneviewer) and R package for
plotting gene clusters. Genome annotation was performed by Prokka
(https://github.com/tseemann/prokka). The cps locus of SPN3 refer-
ences were retrieved from NCBI (GenBank accession no. AP017971)
with excision between dexB and pgm genes using Magnifying Genomes/
MaGe (https://mage.genoscope.cns.fr/).

3. Results

The genome sequences of 19 isolates were used in this analysis
(Table 1). Based on Pathogenwatch analysis result, all of samples were
confirmed as SPN3 with taxonomy ID 1313. Genome length of all iso-
lates was ranging from 1,979,077—2,080,630 bp with the average of GC
content 39.6 %. In this study, we discover a diverse distribution of ST
and GPSC from children and adult groups. In our study, there were no
dominant STs found due to slightly different prevalence among sample.
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We found ST451-GPSC234 (n = 3), ST180-GPSC12 (n = 3) and similarly
followed by ST458-GPSC51 (n = 2), ST3805-GPSC12 (n = 2), ST*2a38-
GPSC234 (n = 2), and ST4909-GPSC363 (n = 2) (10.5 %). Moreover, we
also found ST700-GPSC10 (n = 1), ST5292-GPSC309 (n = 1), ST505-
GPSC12 (n = 1), and ST*f4fb-GPSC12 (n = 1). Remarkably, we also
discover ST*225a which remains not assigned to any GPSC (n = 1).
ST*2a38, ST*f4fb, and ST*225a was marked by asterisk symbol in
Pathogenwatch result indicates novel or a combination of existing al-
leles resulting in a new ST, thus we conducted further submission on
PubMLST to obtain an official ST assignment. We found that ST *2a38
has the nearest match with ST451 (85.7 % loci matched), whereas ST
*f4fb has nearest match with ST180 (85.7 % loci matched), and ST
*225a has nearest match with ST 4233 (74.1 % loci matched). Hence,
this study found a total of ST 451-GPSC234 (n = 5), ST180-GPSC12 (n =
4), and ST 4233-not assigned GPSC (n = 1).

A phylogenetic tree was created to depicts the lines of evolutionary
lineages of various ST (Fig. 1). In this study, we discover three major
roots with small distance differences in general. Based on the result,
isolate ST4909 from the first root shares common ancestor. Additionally,
we found ST180, ST505, and ST3805 from the second root shares
common recent ancestor. Furthermore, ST451, ST458, ST5292, and
ST700 shares common recent ancestor.

We discover various genomic prediction of AMR profile among
samples despite of no inferred resistant isolate was predominantly found
in this study (n = 11). However, most of isolate were found resistant to
tetracycline (n = 5); followed by co-resistant of chloramphenicol and
tetracycline (n = 2); co-trimoxazole and tetracycline (n = 1).

In comparison between adult and children group, we found non-
resistant isolates (n = 7), tetracycline resistant (n = 4), tetracycline
and co-trimoxazole resistant (n = 1), tetracycline and chloramphenicol
resistant (n = 1) in adult group. Conversely, we found non-resistant
isolates (n = 4), and tetracycline resistant isolate (n = 4) in children
group. We also discover AMR-associated genes and mobile genetic
element (MGE) that confer resistance to antibiotics in our study. In
general, most of isolate possess tetM gene and constituting Tn916 since
tetracycline resistant were predominantly found in this study. On the
other side, isolate that possess cat and tetM genes were constitute
Tn5253. Moreover, we discover co-trimoxazole resistant was carried by
folA and folP genes. We provide Antimicrobial Susceptibility Testing
(AST) data from the previous study as supplementary information
(Tables 2a and 2b) using disc diffusion and Minimum Inhibitory Con-
centration (MIC) method.”!'%?%24

We use AST data in the previous study to validate genomic prediction
of AMR profile in this study. The genomic prediction AMR result was in
line with AST result, except 2 samples (RA 1033 and RA 2033) which
demonstrate resistant to tetracycline in genomic AMR result, whereas
the AST result shows sensitive result to tetracycline (Tables 2a and 2b).

Pangenome analysis involves 11 ST from SPN3 isolates (Fig. 2).
These genomes were found to consist of a single circularized contigs
with an average length of 2,023,379 bp. The pangenome analysis
delineated 4912 gene families which consist of 4028 core genomes, 884
accessory genomes, and 700 singletone. The core genome refers to the
set of genes that are present in all ST of SPN3. These core genomes are
essential for the survival and function of the bacteria, whereas the
accessory genome consists of genes that are not present in all ST but are
found in some or many STs. Accessory genomes are often involved in
specific functions such as virulence, antibiotic resistance, or adaptation
to different environments. In this study, we found that the number
proportion of core genome families is higher than accessory genome
families, which seems to possess a closed pangenome characteristics.
Closed pangenome typically has a large core genome and small acces-
sory genome with fewer unique genes.

We confirmed this finding after performing de novo assemblies of the
whole-genome sequences to reconstruct the cps locus. We analyze the
region between dexB and pgm genes according to Chiba et al., (GenBank
accession no. AP017971). Genome comparative of SPN3 cps locus is
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Fig. 1. Phylogenetic Tree of SPN3 illustrating genetic relationships between STs. Alignments of each individual were generated using BacWGSTdb v.2.0 to infer
maximum likelihood tree from this ST alignment. Visualization of phylogenetic tree was constructed by Microreact.

Table 2a
Genomic AMR profile and AST profile using disc diffusion method.
Sample ID  Genomic AMR Profile Antimicrobial susceptibility testing (AST) Profile
Chlorampenicol ~ Erythromycin  Clindamycin  Tetracycline  Trimethoprim/
Sulfamethoxazole
SU0209A Tetracycline tetM8, co- trimoxazole folA 1100L, folP_aa insert S S S I R
57-70
MA0208A - S S S S S
MAO020B - S S S S S
MAO0126B Chlorampenicol catP 194, Tetracycline tetM4 R S S R S
MAO0189B Chlorampenicol catP 194, Tetracycline tetM4 R S S R S
MEO080B - S S S S S
S975 - S S S S S
RMD 139 - S S S S S
RA 3041 - S S S S S
RA 1033 Tetracycline tet 32 S S S S S
RA 2033 Tetracycline tet 32 S S S S S
2372563 Tetracycline tet12 N/A N/A N/A N/A N/A
S = Sensitive, I = Intermediate, R= Resistant, N/A= Not available.
Table 2b
Genomic AMR profile and AST profile using MIC method.
Antimicrobial susceptibility testing (AST) Profile
Sample ID Genomic AMR profile
PEN LVX MEM AZM TET ETP ERY CXM AMC SXT AXO LZD VAN CTX CLI DAP FEP CHL
10592 Tetracycline feth 12 <003 | =1 |<025 |<025 <05 <025 <05 <1 <05/9.5 <012 | =05 <05 <012 [ <012 | =<0.06 <05 <1
12798236 . <003 [ -1 [=025 |[<025 EEX <025 <05 <11 <0.5/9.5 <0.12 -1 <05 [ <012 [ <012 [ -on2 <05 =2
12819835 . =025 = <025 | <025 <1 <05 <025 <05 <n <0.5/9.5 <0.12 =05 <05 <012 | <012 | =012 <05 <1
2171 GK =0.03 =1 =0.25 =0.25 =1 =05 =0.25 =05 =21 =0.5/9.5 =0.12 =1 =05 =0.12 =0.12 =0.12 =05 =2
2402 G =003 [ -1 [=025 |[=025 T | =05 =025 =05 = <0595 =012 | 05 05 | =012 | =012 | 012 =05 =
2393 GK. R =0.03 =1 =0.25 =0.25 =1 =0.5 =0.25 =0.5 =21 =0.5/9.5 =0.12 =0.5 =0.5 =0.12 =0.12 =0.12 =05 =2
1311 GK Tetracycline tetM 32 =0.03 =1 | =025 | =025 - =05 <025 =05 2N <0595 =0.12 =1 <05 =012 | =012 | =012 =05 <1

Sensitive I Resistant

PEN = Penicillin; LVX = Levofloxacin; MEM = Meropenem; AZM = Azithromycin; TET = Tetracycline; ETP =
Ertapenem; ERY = Erythromycin; CXM = Cefuroxime; AMC = Amoxicillin/Clavulanic Acid 2:1; SXT
trimethoprim/sulfamethoxazole; AXO = Ceftriaxone; LZD = Linezolid; VAN = Vancomycin; CTX = Ceftaxime;
CLI = Clindamycin; FEP = Cefepime CHL = chloramphenicol
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demonstrated in Fig. 3. We found that all ST has essential genes for SPN3
capsular biosynthesis (ugd, wchE/cap3B, and galU). We identified the
absence of dexB and aliB gene in ST458 and ST5292. Furthermore, we
found the absence of pgm gene in ST451, ST180, ST3805, and ST458.
Notably, we observed multiple absent genes in ST700 including cpsA/
wzg, cpsB/wzh, cpsC/wzd, cpsD/wze, and tnp.

4. Discussion

SPN3 is a significant cause of pneumonia, bacteremia, and menin-
gitis in developing countries. Recent study shows that IPD in children
and adults has been associated with SPN3, although the frequency of
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Fig. 2. Pangenome map of SPN3. In the outer side, core genomes (4,028) represent in red color, accessory genome in golden brown (884), and singletone in blue
(700). Each rail in the inner side represents different samples and colored based on STs (green = ST451, light purple = ST451, sage green = ST458, pink = ST180,
light green = ST180, light brown = ST505, black = ST3805, light orange = ST 4909, magenta = ST5292, brown = ST700, dark green = ST4233).

SPN3 infections varies by country and age group.®’ Serotype 3 in-
fections are characterized by severe clinical manifestations, such as
bacteremia-induced septic shock, meningitis, and pneumonia with
mortality rate ranging from 30 to 47 %.°

A study in United States found that ST451 has been associated with
IPD cases. Moreover, a study from Columbia discover that ST180 was
highly prevalent in IPD isolates and exhibit macrolides resistance.””
Conversely, this study found ST180-GPSC12 isolate from BAL specimen
were predicted as tetracycline resistant which carried by Tn916. In
worldwide study, the Global Pneumococcal Sequencing Project dem-
onstrates that GPSC12 being the sole cluster that encompassed strains
expressing serotype 3 and ST180 that were both susceptible and
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Fig. 3. Genome comparative of SPN3 cps locus in different ST using Geneviewer. A total of 11 isolates were used to represent diversity of ST in this study. All isolates
were present in 5°'—3' direction except 2303 GK and 1033RA isolates in 3’—5' direction.

resistant to certain treatments.® Hence, continuous monitoring and
additional studies are necessary to determine the evolution and impact
of ST distribution in SPN3 isolates.

This study shows that majority of SPN3 isolates shows no inferred
resistant in predicted genomic AMR profile (57.9 %). A study in Moscow
discover similar findings which demonstrate SPN3 are largely preserved
susceptibility to the tested antibiotics and none of SPN3 isolates shows
multidrug resistant phenotype.”® Furthermore, a study on serotype
competence level in S. pneumoniae demonstrate that SPN3 were less
competent with low genetic heterogeneity. Large amount of capsular
polysaccharide has been reported to have an inhibitory effect on trans-
formation in S. pneumoniae, and therefore relatively rich amounts of
capsular polysaccharide in serotype 3 may block uptake of foreign DNA,
or in other words, it has limited capacity to facilitate capsular trans-
formation through horizontal DNA transfer.”” We thought that it plays
significant role in evolution of SPN3, particularly in virulence levels and
AMR rates. Our investigation was in line with a study in China which
demonstrate that SPN3 has low AMR rates compared to serotype 23F,
19F, 19A, and 14A which exhibited high AMR rates due to greater ge-
netic diversity and ability to undergo recombinational exchanges.”®

Conversely, a study of mucoid SPN3 from children in China shows
that SPN3 has high susceptibility to numerous antibiotics, especially
B-lactams, but resistant to macrolides (100 %). These study also shows
that 70 % of isolates are resistant to tetracyline.”’ Here, we indicated a
high prevalence of tetracycline resistant (42.1 %) in various lineages
including ST458-GPSC51, ST180-GPSC12, ST180-GPSC12,
ST3805-GPSC12, ST700-GPSC10, and ST4233. Another finding shows
that ST271 and ST700 exhibit tetracycline resistance via tetM gene,
which mediates ribosome alteration.'>° Furthermore, a study on
serotype distribution and AMR profiles in adult patients with
community-acquired pneumonia in Jakarta, Indonesia reported that
SPN3 being the most prevalent serotype with 44 % of isolates were
resistant to tetracycline.® Therefore, the resistance pattern of SPN3
should be closely monitored since population dynamics of serotype were
influenced by antibiotic use and vaccination programs.

This study also highlighted higher proportion number of core
genome in pangenome analysis, which displays a closed pangenome
characteristic. Closed pangenomes typically have large core genomes,
which are the set of genes that are present in all members of species or
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genus.>! A closed pangenome indicates genetic diversity within SPN3 is
relatively stable and does not increase significantly with the addition of
more genomes. Moreover, molecular typing studies have shown that low
genetic diversity is associated with the short duration of nasopharyngeal
carriage and its propensity to cause an invasive infection.® The low ge-
netic diversity is thought to contribute to the persistence of SPN3 as a
significant cause of IPD despite the introduction of PCV. These also al-
lows pneumococcus to adapt and evolve more efficiently in response to
selective pressure including vaccination.>? Notably, a recent study of
SPN3 ST700-GPSC10 lineage demonstrate clonal expansion after PCV13
introduction could enhance vaccine escape.'!

This study also highlights ST700-GPSC10 lineage as particular con-
cerns, since the previous study shows that SPN3 was found as most
prevalent serotype before and after Hajj pilgrimage.® We found that
SU209A isolate was resistant to tetracycline and co-trimoxazole. A
recent study in Malawi also shows that ST700-GPSC10 lineage is notable
for its increased antimicrobial resistance.'’ Our study shows that
SU209A has the highest line (0.19) in phylogenetic tree among others,
represents the most recent common ancestor of all STs. Moreover, 5
absent genes in ST700-GPSC10 were found in cps locus including
cpsA/wzg, cpsB/wzg, cpsC/wzh, cpsD/wze, and tnp. Hence, we explored
the involvement of these genes in SPN3 CPS biosynthesis pathway.

SPN3 produce CPS via a synthase-dependent pathway which in-
volves a fewer gene and less complex mechanism compared to Wzx/
Wzy-dependent pathway in majority serotypes of pneumococcus. CPS
of SPN3 has a simple disaccharide repeat unit consist of glucose (Glc)
and glucuronic acid (GlcA). Synthase-dependent pathway involves two
primary genes including ugd/cps3D, which encodes UDP-Glc dehydro-
genase for the synthesis of UDP-GlcA; and wchE/cps3S/cap3B which
encodes for 3 synthase, a processive p-glycosyltransferase that connects
the alternate Glc and GlcA components through specific glycosidic
bonds.”>* Loss of any of these enzymatic functions leads to inability to
produce SPN3 capsule, resulting non-encapsulated S. pneumoniae
strain.

This study found the absence of pgm genes in 4 isolates. The pgm gene
or phosphoglucomutase (PGM) plays essential for catalyze the conver-
sion of Glc-6-P to Glc-1-P as the precursors for SPN3 capsule production.
Although pgm is not prominent as ugd and wchE role in SPN3 capsule
production, a study shows that mutations in pgm gene were reduced-
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capsule isolates. Insertion mutants that lacked PGM activity were avir-
ulent in both immunologically normal (BALB/cByJ) and immunodefi-
cient (CBA/N) mice.*

We also found the absence of ¢psABCD genes in ST700-GPSC10
lineage. However, as SPN3 involved wchE and ugd in capsule produc-
tion, the specific involvement of cpsABCD genes in SPN3 capsule pro-
duction remains to be determined. Notably, the emergence of the ST700-
GPSC10 lineage is thought to initially emerged from capsular switching,
from serotype 19A/19F to serotype 3. This capsule switching phenom-
enon has been linked to obtaining a truncated cps locus lack of cpsABCD
genes. Hence, it is postulated that the absence of these genes in the
ST700-GPSC10 is more likely due to gene loss rather than never been
present.'! Furthermore, we suggest further study to evaluate this phe-
nomenon in clinical manifestations using in vivo study to understand
different impact in SPN3 strains.

Evidence suggests a growing support for the theory of bacterial
evolution through the process of gene loss and reduction of the genome,
which has been observed in various species and strains of Streptococcus.
The precise impact of the shortened version of the SPN3 cps locus on the
configuration of the SPN3 capsule remains elusive and needs further
investigation. However, there is a hypothesis that a shorter, yet func-
tional SPN3 cps locus could potentially be easily obtained by non-SPN3
strains, including those of vaccine serotypes, thereby facilitating the
switching of capsules. It is essential to conduct further research in order
to fully grasp the potential ecological benefits of the shorter length of
SPN3 ¢ps locus.'!

This study used short-read sequencing platform to conduct WGS.
Short-read sequencing technologies may not span repetitive regions or
complex genomic structure within cps locus leading to fragmented as-
semblies with multiple contigs. Unfortunately, we do not perform
further analysis using PCR or Sanger sequencing as validation. However,
we conducted validation in our sample (SU209A) from ST 700 with
reference of ST 700 in another study (accession number OR805040) and
found similarities of absent genes between both sequences.'® Hence, this
study remain suggests that WGS method remains reliable for determine
genomic comparative of cps locus.

5. Conclusion

This study provides a comprehensive insight for genomic charac-
teristics of SPN3 from children and adult groups from Indonesia prior to
PCV intoduction. We found a diverse set of STs in this study. Genomic
AMR prediction shows that most of SPN3 isolates exhibit low AMR rates
with 57.9 % no inferred resistance. Our study demonstrates a closed
pangenome characteristic among STs which may indicate more stable
genetic repertoire. We also highlight ST700-GPSC10 for its AMR profile
since it has the highest distance line in phylogenetic tree analysis and
shows the multiple absence genes in cps locus. We suggest an extended
genomic profiling of SPN3 following PCV introduction in Indonesia,
paired with immunological studies to understand genetic dynamics and
its implications with clinical impact.
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