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Background. Streptococcus agalactiae (Group B Streptococcus, GBS) is a leading cause of invasive neonatal and infant
infections, including sepsis and meningitis. This study aimed to estimate the vaccine coverage and characterize the genomic
features of pediatric invasive GBS in Japan.

Methods. 'We conducted a nationwide, multicenter, retrospective genomic surveillance study involving 237 GBS isolates from sterile
specimens of children aged <15 years across 35 hospitals in Japan between 2004 and 2023. Serotyping, antimicrobial susceptibility testing,
and whole-genome sequencing were performed.

Results.  The estimated vaccine coverage was 98.3% for the hexavalent polysaccharide vaccine and 94.9% for the GBS-NN/NN2 protein
vaccine. Erythromycin and clindamycin resistance were observed in 61.2% and 43.5%, respectively. Among the 75 CC17 isolates, 59 (78.7%)
contained only PI-2B and harbored both ermB and tetO, indicating the predominance of a multidrug-resistant clone. Single nucleotide
polymorphism-based analysis revealed evidence of nosocomial transmission and persistent regional circulation, particularly within the
ST17 and ST23 lineages.

Conclusions. This study suggests that current maternal GBS vaccine candidates would provide broad coverage for pediatric invasive
infections in Japan. The identification of persistent and regionally disseminated lineages highlights the importance of investigating potential,

yet, poorly understood, transmission routes, including environmental reservoirs, to inform future prevention strategies.
Keywords. Group B Streptococcus; Streptococcus agalactiae; transmission; vaccine; pediatric.

Streptococcus agalactiae, also known as Lancefield Group B
Streptococcus (GBS), causes life-threatening neonatal infec-
tions, such as sepsis and meningitis [1]. GBS infections in chil-
dren are classified as early-onset disease (EOD; <6 days),
late-onset disease (LOD; 7-89 days), and very late-onset disease
(VLOD; > 90 days) [2].

Group B Streptococcus infections result in a considerable
disease burden worldwide. Over 390 000 newborns are affected
annually, resulting in 46 200 stillbirths, 91 900 deaths, and 37
100 neurodevelopmentally impaired survivors [3]. The disease
burden varies globally, with the majority occurring in low- and
middle-income countries (LMICs). Sub-Saharan Africa has the
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highest rates, accounting for nearly half of all GBS-related
deaths worldwide [3].

Vertical transmission of colonized GBS from the mother is the
primary risk factor for invasive GBS infections in neonates [4].
To prevent EOD, numerous countries have adopted intrapartum
antibiotic prophylaxis (IAP) using either risk-based or
screening-based approaches [5]. However, although the intro-
duction of IAP has dramatically reduced the occurrence of
EOD, LOD is still reported worldwide [6]. One possible explana-
tion is the unclear route of transmission to newborns and infants
[6]. Berardi et al. [7] retrospectively studied 98 cases of LOD in
Italy, evaluating maternal GBS colonization status and serotypes
in relation to the isolates from the infected infants. They found
that approximately 44% of mothers were colonized with GBS at
the vaginal/rectal site during prenatal screening, and approxi-
mately 66% were colonized by the time of disease onset. In ap-
proximately one-third of LOD cases, the infection source
remains unidentified. These results suggest the possibility of
transmission routes other than the mother, such as caregiver
contact [6] or exposure to contaminated food or animals
[8, 9]. Furthermore, the high rate of resistance to clindamycin
(CLI), a second-line antibiotic for IAP, is a concern [10].

Pediatric Invasive GBS Infection, Japan « JID 2026:233 (15 January) « ell

920z Aleniga4 £0 UO Jasn NNyUSM-0ySUaSUBY-NSILNYOY AQ /GHS/28/L L8/L/EEZ/al01e/pll/woo dno-oiwepeoe)/:sdiy Wol) papeojumod


https://orcid.org/0000-0002-8987-0250
https://orcid.org/0000-0002-3970-9119
https://orcid.org/0000-0003-1477-1415
https://orcid.org/0000-0002-1694-3711
https://orcid.org/0000-0002-9897-3905
https://orcid.org/0000-0002-5325-4173
https://orcid.org/0000-0001-9252-7739
mailto:snakano@niid.go.jp
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/infdis/jiaf491

To decrease the burden of invasive GBS infections in newborns
and infants, the World Health Organization (WHO) set mile-
stones to ensure that at least one affordable GBS vaccine is li-
censed and WHO-prequalified for maternal immunization
during pregnancy by 2028 and that it is introduced in at least
10 countries by 2030 [11]. Maternal vaccines are classified into
2 categories: polysaccharide and protein-based vaccines. The for-
mer targets the 3 or 6 most prevalent capsular polysaccharide
(CPS) serotypes associated with invasive infections among the
10 serotypes (Ia, Ib, II-IX) [12]. In a phase II trial, the hexavalent
vaccine elicited anti-CPS antibodies in pregnant women, which
were then transferred to infants [4]; however, it remains unclear
whether these transplacentally transferred antibodies are effective
in preventing invasive GBS infections in infants, and concerns re-
main regarding serotype replacement or capsular switching [13].
Although various proteins, including pili [14] and serine-rich re-
peat (srr) proteins [15], have been explored as protein-based vac-
cine targets [13], current clinical trials are focusing on 4 members
of the alpha-like protein (Alp) family: Alpha C, Alp1, Alp2/3, and
Rib. These proteins are conserved across nearly all GBS strains
[16] and have considerable structural similarities [17]. A phase I
trial of the GBS-NN vaccine targeting the N-terminal domains
of Alpha C and Rib demonstrated good safety and immunogenic-
ity; however, heterotypic response against other members of Alp
family varied among subjects, depending on homologous pre-
existing immunity [17]. Consequently, a phase I trial of a
second-generation vaccine (GBS-NN/NN2), which targets the
N-terminal domains of all 4 members, was conducted: the results
demonstrated robust and persistent antibody response [18]. These
vaccines are administered to pregnant women to induce antibody
production, which is transferred across the placenta, providing
passive immunity to the infant.

Based on this background, this study estimated the coverage
rates of each potential GBS vaccine. Furthermore, through
whole-genome analysis, we analyzed the genomic features of
GBS isolates in Japan, including resistance genes, and elucidat-
ed the genetic relationships among isolates detected indepen-
dently at different times and geographic regions.

METHODS

Study Design and Period

We conducted a retrospective genomic surveillance study at
167 hospitals in Japan, including 18 children’s hospitals and
32 university hospitals. Our study included patients aged 15
years or younger from whom GBS was isolated from sterile
specimens (eg, blood, cerebrospinal fluid, and joint fluid) be-
fore May 2023. Patients whose specimens were not preserved
at the hospital were excluded.

Data Collection
Hospitals provided both isolates and corresponding clinical in-
formation (birth date, sampling date, sex, and type of sterile

specimen), along with geographic data. Although the age of on-
set was unavailable, we assumed that the onset and sampling
dates were close in severe infant infections. Therefore, we clas-
sified the disease type based on age at the time of specimen
collection.

When GBS was detected in multiple sterile specimens, the
infection site sample was prioritized to avoid sample duplica-
tion. For example, when GBS was detected in the blood and ce-
rebrospinal fluid (or joint fluid), data from the latter were
prioritized. If GBS was detected again in the same patient
>28 days after the previous detection, it was considered a dif-
ferent isolate.

ANALYSIS OF S. AGALACTIAE ISOLATES,
SEROTYPING, SUSCEPTIBILITY TEST, AND
WHOLE-GENOME SEQUENCE

Serotyping

We serotyped all isolates using the GBS latex agglutination test
kit, The ImmuLex™ Strep-B Kit (SSI Diagnostica, Denmark),
according to the manufacturer’s instructions. Isolates with no
agglutination were classified as non-typeable.

Susceptibility Test
Antimicrobial susceptibility tests were performed using the
broth microdilution method, following the Clinical and
Laboratory Standards Institute (CLSI) reference standards
2023 [19]. We determined the minimum inhibitory concentra-
tions of penicillin (PEN), cefotaxime (CTX), erythromycin
(ERY), CLI, levofloxacin (LVX), and tetracycline (TET). In ad-
dition, we assessed inducible CLI resistance using wells contain-
ing a combination of 0.5 pg/mL CLI and 1 pg/mL ERY [19].
The categories of susceptible (S), intermediate resistance (I),
and resistant (R) were based on CLSI guidelines. The CLSI does
not define the categories of I or R; however, in this study, we
defined isolates that were not categorized as “S” as “R” to im-
prove readability.

Whole-genome Sequencing Analysis

We obtained 150 bp paired-end short-reads using Illumina
NovaSeq X Plus platform. After trimming and quality checks,
we analyzed the data using an in-house pipeline [20]. We detect-
ed the following candidate vaccine targets according to previous
studies: hypervirulent GBS adhesin [HvgA], Srr proteins [Srrl
and Srr2], members of Alp family [AlphaC, Alpl, Alp2/3, and
Rib], pilus islands [PI-1, PI-2A, and PI-2B], BibA, C5a peptidase,
enolase, glyceraldehyde-3-phosphate dehydrogenase, gbs2106,
LrrG, SIP, SAN_0226, SAN_0356, SAN_0413, SAN_0990,
SAN_1040, SAN_1577, SAN_1685 and SAN_1808 [16, 21-23].

Phylogenetic Tree Reconstruction and Estimating Recombinational Events
First, we constructed a maximum-likelihood tree for all tested
isolates using RAXML Next Generation v1.1 [24] followed by
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Table 1. Characteristics of Pediatric Patients With Invasive Streptococcus Agalactiae Infection in Japan, 2004-2023

No. of Isolates, N (%)

Total cases Jan 2004 to Dec 2010 Jan 2011 to Dec 2015 Jan 2016 to Dec 2020 Jan 2021 to May 2023

Characteristic (N=237) (N=4) (N=55) (N=84) (N=94)
Male 119 (50.2) 3(75.0) 24 (43.6) 44 (52.4) 48 (51.1)
Age, day, median [IQR] 27.0[13.0-55.0] 26.0 [1.5-61.3] 26.0 [14.5-49.5] 24.5[14.0-46.8] 32.0 [13.0-63.0]
Age group

0-6 d (EOD) 41 (17.3) 2 (50.0) 8(14.5) 12 (14.3) 19 (20.2)

7-89 d (LOD) 163 (68.8) 1(25.0) 40 (72.7) 61 (72.6) 61 (64.9)

>89 d (VLOD) 33(13.9) 1(25.0) 7(12.7) 11 (13.1) 14 (14.9)
Types of specimens

Blood 191 (80.6) 4 (100) 43 (78.2) 72 (85.7) 72 (76.6)

Cerebrospinal fluid 46 (19.4) 0(0) 12 (21.8) 12 (14.3) 22 (23.4)

Abbreviations: EOD, early-onset disease; IQR, interquartile range; LOD, late-onset disease; VLOD, very late-onset disease.

BAPS clustering using rhierBAPS v1.0.1 [25]. We then estimat-
ed the recombination regions and event frequencies using
Gubbins v3.4 [26] for ST10, ST17, ST23, and ST335, with
>10 isolates in each ST.

Dating the Origin of ST10, ST17, and ST23 in Japan

The root dates of ST10, ST17, and ST23, with >20 isolates, were
analyzed using the Bayesian Markov chain Monte Carlo frame-
work by BEAST2 [27] with a clock rate estimation. To generate
input files for BEAST analysis, we first mapped the trimmed
reads to a reference sequence of each ST (Supplementary
Table 1) followed by masking of recombination sites that
were predicted by Gubbins. Lastly, we masked mobile genetic
element sites that were predicted in each reference sequence
by geNomad [28]. The significance of the temporal signals of
the dataset was measured by a permutation test using
Bactdating v1.1 [29].

SNP Analysis and the Detection of Potential Endemic GBS Subclusters
To measure the number of SNPs between isolates and to under-
stand the relationship between the number of SNPs, the region of
isolation, and the year of detection, a detailed SNP analysis using
the CFSAN SNP Pipeline (https:/peerj.com/articles/cs-20/) was
performed for each ST with 5 or more isolates. For suspected du-
plicates (eg, twins or recurrence >28 days), only 1 isolate was an-
alyzed. The SNP matrix obtained from the CFSAN SNP Pipeline
was subsequently input into GraphSNP [30], which generated a
minimum spanning tree and visualized a cluster based on a
threshold of 15, as described in a previous study [8].

The details of the whole-genome sequencing analysis are de-
scribed in the Supplementary Materials.

Statistical Analysis

We used the Cochran-Armitage trend test to examine the tem-
poral changes in the variables. The period before 2010 was ex-
cluded from the analysis because of the small number of

isolates. P < .05 was considered significant. All analyses were
performed using R version 4.4.3 (R Foundation for Statistical
Computing, Vienna, Austria) [31].

Ethical Considerations
The Institutional Ethics Committee of the National Institute of
Infectious Diseases approved this study (Approval Number: 1512).

RESULTS

Patient Background

During the study period, 237 cases of pediatric invasive GBS in-
fections were registered at 35 hospitals in 20 prefectures
(Supplementary Figure 1). The characteristics of the patients,
including the types of specimens analyzed, are shown in
Table 1. No apparent differences were observed after 2011,
when the number of samples collected became sufficient.

Serotype

Throughout the study period, serotype III was the most com-
mon (48.1%), followed by Ia (27.4%) and Ib (12.2%; Table 2).
Between January 2011 and May 2023, the proportion of sero-
type VI decreased (P =.034), whereas that of serotype IV in-
creased (P=.0089). Serotype IV first appeared in 2019 and
peaked at 9.1% in 2022-2023 (Supplementary Figure 2).
Serotype IV was detected in all age groups (Supplementary
Figure 3).

Genotype

The 237 isolates tested were assigned to 27 ST's and divided into
8 BAPS clusters, with each cluster predominantly composed of
isolates belonging to a single clonal complex (CCs) (Figure 1).
CC17 (31.6%, BAPS3) was the most prevalent of the clusters
and all isolates of CC17 were serotype III. CCl (8.4%,
BAPS4) was highly diverse in terms of serotype, comprising 6
serotypes (Ia, Ib, II, V, VI, and VIII). The highest whole ge-
nome diversity calculated by pairwise Jaccard distances was
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Table 2. Trends in Serotype Distribution by Study period

No. of Isolates, N (%)

Total cases Jan 2004 to Dec 2010 Jan 2011 to Dec 2015 Jan 2016 to Dec 2020 Jan 2021 to May 2023

Serotype (N=237) (N=4) (N=55) (N=284) (N=94) P Value®
la 65 (27.4) 1(25.0) 14 (25.5) 18(21.4) 32 (34.0) 7
b 29(12.2) 0 (0) 7(12.7) 9(10.7) 13(13.8) 77
Il 2(0.8) 0(0) 0(0) 2(2.4) 0(0) .76
il 114 (48.1) 2 (50.0) 27 (49.1) 51 (60.7) 34 (36.2) .049
\% 10 (4.2) 0 (0) 0 (0) 2(2.4) 8(8.5) .0089
\Y 13 (6.5) 01(0) 4(7.3) 2 (2.4) 7(7.4) .76
Vi 2(0.8) 0(0) 2 (3.6) 0(0) 0(0) .034
Vil 01(0) 01(0) 01(0) 01(0) 0(0) NA
Vil 2(0.8) 1(25.0) 1(1.8) 0(0) 0(0) 13
IX 01(0) 01(0) 01(0) 01(0) 0(0) NA

Abbreviation: NA, not applicable.

aUsing Cochran-Armitage trend test except the periods between January 2004 and December 2010.

also observed in ST1 isolates (Supplementary Table 2). Of the
10 serotype IV isolates detected since 2019, 9 belonged to
CC452 (6 ST452 and 3 single-locus variants of ST452), and 1
belonged to CC459 (ST196).

Antimicrobial Susceptibility

All isolates were 100% susceptible to PEN and CTX (Table 3 and
Supplementary Table 3). These isolates harbored either PBP2X
types 1, 2, 4, or 5, or one of the 3 novel PBP2X types identified
in this study (Supplementary Tables 3-5). The resistance rates
to ERY, CLIL, LVX, and TET were 61.2%, 43.5%, 30.0%, and
75.5%, respectively. No significant changes in resistance rates
were observed during the study period (P=.23, .32, .06, and
.50; Table 3). Among the CLI-resistant isolates, constitutive resis-
tance (n = 96, 40.5%) was predominant compared to inducible
resistance (n=7, 3.0%). The predominant gene in both ERY-
and constitutively CLI-resistant isolates was ermB, which was
detected in 87 of 145 (60.0%) and 86 of 96 (89.6%) isolates,
respectively. Notably, 59 of the 75 CC17 (BAPS3) isolates
(78.7%) harbored ermB (Figure 1A and Supplementary
Table 5). In contrast, 35 of 61 CC23 (BAPS2) isolates (57.4%)
harbored only mefA/msrD. Sixty-five of the 71 LVX-resistant iso-
lates (91.5%) had double substitutions in GyrA (S81L) and ParC
(S79F/Y). All 22 CC12 (BAPS5) isolates had amino acid substi-
tutions and exhibited resistance to levofloxacin (Figure 1A and
Supplementary Table 5). Among the TET-resistant isolates,
tetO was detected in 75 of 179 (41.9%), of which 60 (80.0%)
were serotype III/CC17 isolates.

Surface Protein Determinants

PI-1 + PI-2a was the most common pilus island (34.6%). Serotype
III/CC17 isolates harbored either PI-2b alone (80.0%) or PI-1 +
PI-2b (20.0%). The former was also detected in serotype IV/
CC452 isolates (Figure 1B and Supplementary Table 6).
Serine-rich repeat glycoprotein determinants (srrl or srr2) were

detected in 226 of the 237 isolates (95.4%), with srrl being more
predominant (n =142, 59.9%) across various CCs. Almost all
srr2 were identified in serotype III/CC17 isolates, whereas 9 sero-
type IV/CC452 isolates also harbored srr2 (Figure 1B and
Supplementary Table 6). Although most isolates (94.9%) possessed
at least one protein from the Alp family, the prevalence was lower
in serotype III/ST529 and serotype V/ST26, at 75% and 25%, re-
spectively. As for the other vaccine candidates, nearly all isolates
harbored the screened proteins, except BibA, which was exclusively
detected in serotype III/CC17 isolates (Supplementary Table 6).

Vaccine Target Coverage Estimations

The distributions of the specific vaccine candidates are shown
in Table 4. Among all isolates, 87.8% and 98.3% were covered
by trivalent (serotypes Ia, Ib, and III) and hexavalent (Ia, Ib,
I1-V) polysaccharide vaccines, respectively. Hexavalent vaccine
coverage increased significantly (P = .0093). The coverage rates
of the pilus-based GBS-NN and GBS-NN/NN2 vaccines were
67.5% and 94.9%, respectively. There were no significant
changes in the trend (P =.94 and.71).

Temporal and Genetic Structure of Major GBS Lineages

We estimated the frequency of recombination events in STs
with >10 isolates (ST1, 10, 17, 23, and 335) using Gubbins
(Supplementary Figures 4 and Table 1). Three STs (ST10, 17,
and 23) had average r/m ratios below 1. In contrast, ST1
showed the highest average r/m value of 4.024539. ST1 also ex-
hibited the highest average p/6 value among the 5 STs.

In the Bayesian analysis, only STs with 20 or more isolates
(ie, ST10, 17, and 23) were included to ensure sufficient analyt-
ical power. However, ST17 was excluded because no significant
temporal signals were detected. The mutation rates of ST10 and
ST23 isolates were estimated to be 1.26 x 1076 (95% HPD inter-
val 6.99 X 107 to 1.82x 10™°) and 6.49 X 107 (95% HPD in-
terval 4.73 to 8.20x 1077) substitutions per site per year,
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Figure 1. A maximum likelihood tree for all 237 isolates tested in this study. The clusters defined by BAPS are shown on the tree. A, A phylogenetic tree including metadata
on resistance genes, year of detection, region, serotype, and genotype (clonal complex). B, A phylogenetic tree including metadata on major candidate GBS vaccine targets,
serotypes, and genotypes (clonal complex).
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Table 3. Trends in Antibiotic Resistant Rate by Study Period

No. of Resistant Isolates, N (%)

Total cases Jan 2004 to Dec 2010 Jan 2011 to Dec 2015 Jan 2016 to Dec 2020 Jan 2021 to May 2023
Antibiotic (N=237) (N=4) (N=55) (N=284) (N=94) Pvalue®
Penicillin 0(0) 0(0) 0(0) 0(0) 0(0) NA
Cefotaxime 0(0) 01(0) 01(0) 0(0) 0(0) NA
Erythromycin 145 (61.2) 1(25.0) 28 (50.9) 57 (67.9) 59 (62.8) 23
Clindamycin 103 (43.5) 1(25.0) 17 (30.9) 45 (53.6) 40 (42.6) .32
Levofloxacin 71 (30.0) 1(25.0) 10 (18.2) 28 (33.3) 32 (34.0) .060
Tetracycline 179 (75.5) 3(75.0) 41 (74.5) 68 (81.0) 67 (71.3) .50
Abbreviation: NA, not applicable.
aUsing Cochran—-Armitage trend test except the periods between January 2004 and December 2010.
Table 4. Trends in the Vaccine Coverage Rates by Study Period
Coverage Rates, %
Total Cases Jan 2004 to Dec 2010 Jan 2011 to Dec 2015 Jan 2016 to Dec 2020 Jan 2021 to May 2023

Types of Vaccines (N=237) (N=4) (N =55) (N=284) (N=94) PValue®
Polysaccharide vaccines

Trivalent (la, Ib, and I11) 87.8 75.0 87.3 92.9 84.0 .39

Hexavalent (la, Ib, II, lll, IV, and V) 98.3 75.0 94.5 100 100 .0093
Pilus-based vaccines

GBS-NN vaccine® 67.5 25.0 63.6 73.8 66.0 .94

GBS-NN/NN2 vaccine® 94.9 100 94.5 96.4 93.6 VAl

2Using Cochran—Armitage trend test except the periods between January 2004 and December 2010.

Targeting N-terminal domains of the AlphaC and Rib.
°Targeting N-terminal domains of the Alp1, Alp2/3, AlphaC, and Rib.

respectively. The divergence date of the root of ST10 and ST23
was estimated to be 1996.9 (95% HPD interval 1983.2 to
2004.4) and 1923.4 (95% HPD interval 1891.2 to 1947.3;
Supplementary Figures 5 and 6).

Potential Endemic Clusters and Horizontal Transmission

We calculated pairwise SNP distances between isolates of ST1
(n=12), 3 (n=8), 10 (n=19), 17 (n=72), 19 (n=7), 23
(n=53), 27 (n=7), 144 (n=5), 335 (n=17), and 452
(n=6). Median pairwise SNP distances ranged from 37
(ST27) to 308 (ST1) (Supplementary Table 7). Violin plots sug-
gested that the distribution of SNP counts was bimodal in sev-
eral STs (Supplementary Figure 7). ST17 and ST23 had
sufficient isolates for analysis and appeared to have a peak at
the lower end, with SNP counts below 50. Therefore, we visu-
alized the relationship between SNP counts among isolates,
geographic regions, and years of isolation using GraphSNP
and maximum likelihood trees (Figure 2, Supplementary
Figures 8 and 9). We identified 12 endemic or potential hori-
zontal transmission clusters across 4 STs (ST17, ST19, ST23,
and ST452). The largest cluster consisted of 11 isolates. Some
of the isolates within these clusters were separated by >10 years
and were clearly recovered from distinct geographic regions.

Among the 12 clusters, we found 5 groups of isolates (ie, 10 iso-
lates) detected in the same hospitals within a 2-month period.
All SNP differences between the set of complete genomes were
minimal (0-4), although there was a 25.2 kb indel between 2 of
the isolates (Supplementary Figure 10).

DISCUSSION

Our nationwide retrospective GBS genomic surveillance study
revealed that the hexavalent polysaccharide and protein-based
GBS-NN/NN2 vaccines would provide comprehensive cover-
age against isolates from pediatric invasive GBS patients in
Japan. Their coverage rate meets the WHO target for maternal
GBS vaccines, which aims to cover at least 90% of current inva-
sive disease isolates [11]. However, the coverage rate of the tri-
valent polysaccharide vaccine was 87.8%. This contrasts with
questionnaire-based studies in Japan (2011-2020), which re-
ported >90% coverage for invasive infant GBS [32]. The dis-
crepancy in these results could be caused by the increase in
the proportion of serotype IV isolates since 2019. Other coun-
tries have also reported increased invasive GBS due to serotype
IV [33, 34]. In this study, 90% of the serotype IV isolates detect-
ed belonged to CC452, whereas serotype IV isolates reported in
other countries were mainly classified as CC17, CC452, or
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Figure 2. Minimum spanning trees created by GraphSNP with the metadata of detection regions, isolation year, and SNP distance. Each square represents a single isolate,
with the number inside indicating the year of detection (eg, “22" denotes the year 2022), and the color of the square corresponds to the geographic region of the hospital from
which the isolate was detected. For region names, see Supplementary Figure 1. Clustering (grouping) was performed using a threshold of 15 single nucleotide polymorphisms
(SNPs). Isolates identified as belonging to the same cluster were enclosed within boxes in each phylogenetic tree, and a group number was assigned to each cluster. An
asterisk indicates sets of isolates with 0—2 SNP differences, suggesting possible nosocomial horizontal transmission. The red numbers above the lines connecting the isolates
indicate the number of SNPs between the respective strains, as calculated using the CFSAN SNP pipeline. A, ST17 (B) ST19 (C) ST23 (D) ST452.

CC459 [33-35]. An increase in serotype IV/CC452 has been re-
ported since 2000 in the U.S. and Canada, suggesting that the
isolates from Japan may be genetically related to those originat-
ing in North America [33, 34].

Several countries have reported clinical isolation of non-
vaccine serotype strains. In central Taiwan, serotype VI/ST1
has been predominantly detected in infants with EOD and in
colonizing pregnant women [36]. In Canada, invasive GBS in-
fections in non-pregnant adults caused by serotype VIII/CCl
have increased since 2017 [37]. Although previous reports
have shown that these serotypes are predominantly isolated
from pregnant women in Japan [38], in the present study, we
detected only 2 isolates each of serotypes VI and VIII. Several

non-vaccine serotype strains mentioned above belong to the
CCI. In our analysis, ST1 showed a markedly higher frequency
of recombination events than did the other 4 major STs (ST10,
ST17, ST23, and ST335), which could contribute to the emer-
gence of novel serotype strains and resistant clones within
CC1 [39]. In fact, ST1 showed a higher Jaccard distance than
did the other STs, indicating greater diversity in gene content.

Resistance to macrolides and lincosamides, which are used as
second-line treatments, is also a global issue [10]. In the U.S.,
where CLI-resistant GBS was noted as a concerning threat in
2019, resistance rates to ERY and CLI were approximately
60% and 40%, respectively [40]. Our study showed similar re-
sistance rates, with no significant changes since 2011.
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Resistance to these antibiotics in GBS is primarily associated
with the acquisition of methyltransferases encoded by erm
genes or efflux pumps encoded by mefA/msrD [41]. Among
the 237 isolates in our study, ermB was the most frequently de-
tected, being identified in 87 isolates (36.7%) across 7 CCs.
Recently, a multidrug-resistant CC17 GBS subclone has been
detected in several countries [42-44]. This clone was found
to lack PI-1 due to replacement by integrative and conjugative
elements carrying resistance determinants, including ermB and
tetO, and retained only PI-2b; the clone was characterized by
resistance to ERY, CLI, and TET [42-44]. In the present study,
among the 75 CC17 isolates, 59 (78.7%) exhibited similar geno-
mic features. These findings raise concerns about the global
spread of multidrug-resistant CC17 GBS clones and the impli-
cations for IAP in pregnant women with severe penicillin
allergy.

Through SNP analysis and phylogenetic analysis, we identi-
fied 5 cases of nosocomial horizontal transmission, as well as
clusters that have spread across wide geographic areas for ex-
tended periods. Due to protocol limits, patient details were un-
available; however, birth dates and hospital data strongly
suggested nosocomial horizontal transmission. Although sev-
eral studies have reported GBS outbreaks/transmission in hos-
pitals, particularly in NICUs [45, 46], no previous studies have
detected outbreaks/transmission based on a large-scale dataset,
such as that used in this study. In our dataset, no cases of out-
breaks/transmission were identified among the most prevalent
genotype, ST17, whereas 3 of 5 outbreaks/transmission cases
involved ST23 strains. This suggests that the propensity for
transmission does not necessarily correlate with the invasive-
ness of the strain in neonates. In addition, we detected the po-
tential circulation and spread of strains across regions and years
in ST17 and ST23 using SNP analysis. In the absence of clear
epidemiological links among patients from whom clustered
strains were isolated, environmental sources such as food, wa-
ter, and sewage systems may have contributed to transmission.
ST283 GBS is widely recognized as a clone responsible for inva-
sive GBS infections in humans, with freshwater fish identified
as its primary source [8]. As a maximum of 14 SNPs was ob-
served among GBS ST283 isolates from humans during the
2015 outbreak in Singapore, a threshold of 15 SNPs was used
for clustering in this study. Although robust evidence is still
lacking to define clear thresholds for genetic relatedness be-
tween GBS isolates, previous studies investigating the transmis-
sion and dissemination of Enterobacterales from a One Health
perspective have proposed higher SNP thresholds ranging from
20 to 100 SNPs [47]. The evolutionary analyses we conducted
yielded rates of 1.26 X 107° (ST10) and 6.49 x 10~ (ST23) sub-
stitutions per site per year, which were considered reasonable
compared to the previously reported rate of 2.7 x 107° for
ST283 GBS [8]. Although data on the mutation rate of GBS
was limited, our study provides stronger evidence that the

mutation rate of GBS does not differ substantially from that
of other major clinical pathogens such as Staphylococcus aureus
(1.29 x 107° substitutions per site per year) [48], Streptococcus
pneumoniae (1.57 X 107°) [49], and Escherichia coli (1.00 X
107°) [50]. We calculated the mutation rates for only 2 clones,
and the average mutation rate across the entire GBS remains
unknown. However, these findings may serve as a reference
for defining thresholds for future outbreak detection efforts.

Our study collected bacterial isolates from institutions that
had preserved isolates obtained from pediatric patients previ-
ously diagnosed with invasive GBS infections. Consequently,
isolate preservation policies may vary among hospitals; for ex-
ample, some may store only isolates from severe cases based on
the attending physician’s discretion. This variation may intro-
duce bias in the data related to serotypes and antimicrobial sus-
ceptibility. Furthermore, the capacity of a hospital to preserve
bacterial isolates may lead to sampling bias.

CONCLUSION

This study demonstrated that the hexavalent polysaccharide
and GBS-NN/NN2 vaccines would provide approximately
95% coverage for pediatric invasive GBS infections in Japan.
Some GBS clones may circulate more broadly, and understand-
ing their potential transmission pathways could help inform
control measures and contribute to reducing invasive GBS in-
fections in children.
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