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ABSTRACT

Objective: To assess the burden of Group B Streptococcus (GBS)

and analyze the distribution of serotypes in relation to their source. 

The review highlights data gaps in transmission dynamics and 

regional food consumption practices, which are essential for 

designing effective public health strategies and advancing vaccine 

development. 

Methods: Searches were conducted in Web of Science, MEDLINE,

Science Direct, PubMed, and Scopus databases to find studies 

related to GBS during 1990-2025. Eligible studies were those that 

described prevalence, serotype distribution or sequence type (ST) of 

GBS in Southeast Asian countries. Random-effects meta-analysis 

was used to pool data.

Results: A total of 26 studies met the inclusion criteria from eight

countries. The pooled estimate of maternal GBS colonization was 

15.1%, with serotypes 栿, 桋, 栻, 桍, and 栺a accounting for the

majority of cases (91.24%) in the Southeast Asia studies. Data on ST 

was limited; however, ST1 was found to be predominant in Malaysia 

and Thailand, while ST283 was notably linked to the consumption 

of raw fish.

Conclusions: The pooled estimate of the maternal colonization

with GBS was 15.1% which is equivalent to many other primary 

and review reports worldwide. Distribution of serotype and ST is 

needed to be studied in Southeast Asian countries to devise effective 

preventive measures. These findings underscore the importance 

of surveillance and tailored prevention strategies to combat GBS 

infections in Southeast Asia.

KEYWORDS: Group B Streptococcus; Streptococcus agalactiae;

Maternal colonization; Neonatal disease; Serotypes; Sequence type; 

Southeast Asia

1. Introduction

Group B Streptococcus (GBS), also known as Streptococcus
agalactiae, is a significant pathogen responsible for various

infections in both neonates and adults. However, GBS is typically 

a commensal organism, colonizing the gastrointestinal and 

genitourinary tracts of healthy adults at rates between 10% and 40%. 

In pregnant women, the colonization rate can be as high as 30%-

70%, with approximately 50% of colonized mothers transmitting the 

bacteria to their newborns during birth[1].
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Summary

Question: What is the burden and serotype distribution of
Group B Streptococcus (GBS) in Southeast Asia?
Findings: This meta-analysis from eight Southeast Asian
countries found a maternal GBS colonization rate of 15.1%, 
with serotypes 栿, 桋, 栻, 桍, and 栺a comprising 91.24%
of cases. Sequence type ST1 predominated in Malaysia and 
Thailand, while ST283 was linked to raw fish consumption. 
Meaning: Surveillance of GBS serotypes and sequence
types is crucial in Southeast Asia to inform targeted public 
health interventions and vaccine development to reduce GBS 
infections.
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  In neonates, GBS can lead to two types of invasive diseases which 

are Early-Onset Disease (EOD) and Late-Onset Disease (LOD). 

EOD occurs within the first week of life, with symptoms often 

manifesting as septicaemia or pneumonia. The incidence among 

infants born to colonized mothers is significantly higher, with about 

1%-2% developing EOD, while LOD occurs between 7 and 90 days 

after birth, with manifestations including bacteremia and meningitis, 

among other symptoms. LOD is generally associated with horizontal 

transmission rather than vertical[2]. In adults, GBS can cause 

serious infections such as endometritis, chorioamnionitis, arthritis, 

endocarditis, pneumonia, bacteraemia and urinary tract infections, as 

well as soft tissue, skin, and bone infections particularly in pregnant 

women and those with underlying health conditions such as diabetes 

or cancer[3].

  In 2015, Singapore experienced a significant foodborne outbreak 

linked to GBS, specifically the ST283 strain, which resulted from 

the consumption of contaminated raw freshwater fish dishes, notably 

known as yusheng. This outbreak affected over 160 individuals, 

leading to severe health complications, including fever, meningitis, 

and septic arthritis. Tragically, two fatalities were reported among 

the victims, highlighting the outbreak's severity and the strain's 

aggressive nature[4]. The GBS ST283 strain had not previously 

been recognized as a foodborne pathogen, making this outbreak 

particularly alarming. The strain was found to be prevalent in various 

Southeast Asian countries, accounting for significant percentages of 

human GBS cases: 76% in Laos, 73% in Thailand, 31% in Vietnam, 

and 23% in Singapore[5]. In Malaysia, a study reported the first 

two cases of human infection with GBS ST283. Whole genome 

sequencing showed the Malaysian isolates were closely related to 

contemporaneous human cases in Singapore, suggesting potential 

cross-border transmission via imported or locally sourced fish[6].

  Capsular polysaccharide (cps) is one of the important virulence 

factors of most GBS isolates that contribute to pathogenicity. 

Currently, GBS can be categorized into 10 serotypes (栺a, 栺 b 

and 栻-桖[7]. The distribution and predominance of certain 

serotypes is susceptible to fluctuations and can change over time. 

Epidemiological studies show that serotypes 栺a, 栿 and 桋 are 

frequently associated with invasive disease in pregnant women, 

newborns and non-pregnant adults[8]. Serotype 栿 has been shown 

to be responsible for more than 70% of cases of early-stage GBS 

worldwide, while serotype 栺a is close behind with around 19% of 

isolates[7,8]. The distribution of GBS serotypes shows remarkable 

regional differences[9]. In regions such as Europe and North America, 

serotypes 栿 and 栺a dominate. In parts of Africa and Asia, however, 

the prevalence may shift, with serotype 桋 sometimes being more 

common[7,10]. Understanding the distribution of these serotypes is 

crucial for developing effective vaccines and prophylactic strategies. 

Previous studies suggest that a trivalent vaccine targeting serotypes 

栺a, 栺b and 栿 could potentially cover a significant proportion of 

GBS-related disease worldwide[11,12].

  Multilocus sequence typing (MLST) has significantly advanced the 

understanding of the genetic diversity and epidemiology of GBS. 

This genotypic method allows for the characterization of bacterial 

populations by analyzing variations in specific housekeeping 

genes, leading to the identification of distinct sequence types (STs) 

associated with different clinical outcomes[13]. Certain STs of GBS 

strains have been identified as having a higher potential for causing 

invasive diseases. For instance, ST1 and ST19 are predominantly 

associated with asymptomatic colonization, while ST23 is linked 

to both carriage and invasive disease[13,14]. Specifically, ST17 has 

been strongly correlated with neonatal meningitis, indicating its role 

in severe infections among newborns[15]. The emergence of ST283 

has raised concerns as it has been associated with invasive diseases 

such as septic arthritis and meningitis across various populations, 

including neonates, pregnant women, and adults[15]. This sequence 

type has been identified as a major contributor to GBS infections in 

Southeast Asia, particularly in Thailand and Laos, where it accounted 

for 73% to 76% of invasive GBS cases from 2000 to 2017. Another 

notable sequence type, ST7, has also been documented but is less 

prevalent than ST283 in recent studies. It is often found alongside 

ST283 in aquatic species and human cases[14]. The genetic profiles 

derived from MLST not only help in understanding the distribution 

of strains but also assist in tracking the evolution of virulence among 

GBS populations. The ability to compare STs across laboratories 

via online databases enhances collaborative research efforts and 

promotes a better understanding of GBS epidemiology on a global 

scale[13].

  Understanding the prevalence of GBS regarding to serotypes 

and ST distribution in Southeast Asia is important to design and 

implement preventive interventions. Therefore, we conducted a 

systematic literature review and meta-analysis of the incidence of 

GBS infections and the associated serotypes and ST causing GBS 

invasive disease. 

2. Methods 

2.1. Search strategy 

  A systematic electronic search was conducted using five online 

databases (Web of Science, MEDLINE, Science Direct, PubMed 

and Scopus) to identify studies reporting the evaluation of GBS 

among human in any country in Southeast Asia, which includes 11 

countries: Brunei, Myanmar, Cambodia, Timor-Leste, Indonesia, 

Laos, Malaysia, the Philippines, Singapore, Thailand and Vietnam. 

We used the following search terms (“Group B Streptococcus” 
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OR “Group B streptococcal” OR “Streptococcus agalactiae”). We 

restricted searches to publications of year 1990-2025, human studies 

(e.g., fish, bovine and cattle were excluded), research articles or 

original data (i.e., case reports or reviews or repeated datasets were 

excluded) and English-language. Studies were included if they report 

at least one of the following criteria: prevalence of GBS, serotype 

distribution of GBS and ST distribution of GBS. This systematic 

review and meta-analysis was registered in PROSPERO (references 

no. CRD420251013864).

  We selected the studies in three phases according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA). First, we excluded the papers based on the titles. Second, 

we screened the abstracts of the remaining papers and we excluded 

any papers that do not meet the inclusion criteria. After the initial 

screening of the titles and abstracts, duplicates were removed and 

the remaining papers were again screened. Lastly, we assessed the 

remaining papers by reading the entire text and excluded the papers 

based on the inclusion and exclusion criteria.

2.2. Study selection 

  The main author drafted detailed inclusion criteria with experts’ 

guidance from two supervisors to assess the eligibility. One reviewer 

screened all titles and abstracts of the entries, followed by two 

additional reviewers scrutinized the text in all selected articles 

independently in order to ascertain whether they met the inclusion 

criteria. In case of discrepancies, a third reviewer was asked to 

express an opinion on whether the study should be included or not. 

All disagreements were resolved through practical discussion among 

the reviewers.  

2.3. The quality assessment 

  Two reviewers independently assessed the methodological quality 

of publications using the Joanna Briggs Institute (JBI) Critical 

Appraisal Tool for systematic reviews of prevalence/incidence. 

This tool evaluates nine key domains to identify potential biases 

and ensure methodological rigor: (1) appropriateness of the sample 

frame, (2) participant recruitment strategies, (3) adequacy of sample 

size, (4) detailed description of study subjects and settings, (5) 

coverage of identified samples, (6) validity of condition identification 

methods, (7) standardization and reliability of measurements, 

(8) appropriateness of statistical analyses, and (9) response rates. 

Each study underwent rigorous appraisal by both reviewers, with 

discrepancies resolved through discussion to ensure consensus. The 

process aimed to systematically assess whether studies adequately 

addressed bias risks in design, execution, and analysis. Results from 

this appraisal informed decisions about study inclusion and data 

synthesis, aligning with JBI’s evidence-based methodology that 

emphasizes dual independent assessments to minimize systematic 

errors.

2.4. Data extraction

  Data extraction was performed independently by two reviewers. 

Data was extracted and recorded on the following characteristics: 

authors, year, setting, study design (prospective or retrospective), 

sample size, subject (neonates, pregnant women, non-pregnant 

adults), isolation (invasive, non-invasive, colonizing sites), 

prevalence of GBS and venue. Moreover, we gathered results related 

to serotype and ST distribution. A pre-set Excel abstraction form was 

used to extract study characteristics and results.

2.5. Data analysis

  Meta-analyses were performed with Open Meta (Analyst) using 

a random-effect model to produce the pooled prevalence of GBS 

colonization in pregnant women. Random-effects model was used to 

pool data primarily because it accounts for variability (heterogeneity) 

across different studies. Additionally, heterogeneity of the studies 

was evaluated using I2 and a P-value below 0.05 was considered 

statistically significant. IBM Statistical Package for Social Science 

(SPSS) version 29 for Microsoft Windows, (Chicago, USA) 

was used to analyze and present the data graphically. Percentage 

and frequency were used to describe the data and facilitate the 

comparison amid the groups.

3. Results 

3.1. Study selection

  The selection process is presented visually in Figure 1. A total of 

9 238 papers were identified by an extensive literature search as 

follows: 914 from MEDLINE, 2 330 from Science Direct, 2 037 

from Web of Science, 2 905 from Scopus and 1 052 from PubMed, 

from 1st January 1990 to 1st February 2025. After an initial review 

of titles and abstracts and the removal of duplicates, we assessed the 

full text of 83 articles for eligibility, of which 26 met the inclusion 

criteria[16-41].

3.2. Study characteristics

  The characteristics of all 26 studies are summarized in Table 1. 

The 26 studies included 11 657 participants including neonate (0-

28 days), infant (1 month-2 years), pregnant women, non-pregnant 
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adult (15-≥65 years old). Most identified papers were from Thailand 

(n=8) and Malaysia (n=7), followed by five studies from Singapore, 

two from Vietnam and one from Laos, Indonesia, Thailand and 

Philippines, and Thai-Myanmar border each. Twelve studies reported 

the prevalence of GBS[16-18,21,23,27-29,32,34,36,40]. Sixteen studies 

reported serotypes distribution[19,21,22,24-27,29,31,33,34,36-39,41] and 

eight reported ST distribution[24,25,27,30,31,35,38,41]. 

Published literature:
MEDLINE:              n= 914
Science Direct:         n=2 330
Web of Science:       n=2 037
Scopus:                     n=2 905
PubMed:                   n=1  052
Total:                         n=9 238

Duplicates excluded 
(n=2 364)

Title screening 
(n=6 874)

Titles excluded 
(n=6 705)

Abstract screening 
(n=169)

Abstract excluded 
(n=86)

Full-text studies assessed 
for eligibility (n=83)

Full-text studies excluded 
(n=57)

Studies included 
(n=26)

Figure 1. PRISMA flow diagram explaining the methodology to select the 
eligible studies.

3.3. Prevalence of GBS 

  Nine studies reported the prevalence of GBS colonization in 

pregnant women, providing sufficient and comparable data to 

conduct a reliable meta-analysis in this population. In contrast, only 

three studies addressed invasive GBS infections, each involving 

different subject groups, which precluded the possibility of a 

meaningful meta-analysis for invasive cases. Given that GBS 

colonization is notably more common among pregnant women and 

poses significant clinical implications for both maternal and neonatal 

health, this analysis focuses exclusively on the prevalence of GBS in 

this group, highlighting its importance.

3.3.1. Prevalence of GBS colonization in pregnant women
  Nine studies reported the prevalence of GBS colonization in 

pregnant women[16-18,21,28,32,34,36,40]. A study done by Tor-Udom 

et al.[16] in Thailand reported that the prevalence of colonizing 

GBS among 406 pregnant women was 16.0%. Another study in 

Thailand showed 58 (18.1%) pregnant women from 320 cases 

were colonized with GBS[17]. In addition, two prospective studies 

in Thailand showed the prevalence of GBS was 15.1% among 421 

pregnant women, 4.8% among 421 neonates[28], and 11.3% among 

50 intrapartum women[32]. Moreover, Akkaneesermsaeng et al.[32] 

reported that teenage pregnancy, multiparity, and non-Buddhist 

religions to be significantly associated with GBS colonization. 

Turner et al.[21] found that the GBS colonizing rate was 12.0% in 

549 pregnant women at the time of delivery in a refugee population 

on the Thai-Myanmar border. There is no significant association 

between GBS colonizing status and the risk factors that form the 

basis of a GBS risk based IPA strategy (fever, prolonged rupture of 

membranes, prematurity). Hanh et al.[34] reported the prevalence 

of GBS in an obstetrics and pediatrics hospital in Vietnam was 

9.2% among 750 pregnant women. Additionally, a retrospective 

study among 3 863 pregnant women in Vietnam reported 8.0% 

colonization rate for GBS[40]. In a study in Indonesia, the prevalence 

of colonization GBS among pregnant women was 30.0% (53 out 

of 177). GBS was isolated exclusively from vaginal swabs taken 

from pregnant women[36]. The highest prevalence (32.1%) of GBS 

colonization isolates was found in a pilot study in Malaysia among 

56 multigravida pregnant women[18]. The overall pooled prevalence 

of GBS colonization among 7 468 pregnant women from the meta-

analysis of nine studies across the five countries was 15.1% (95% CI 
11.8-18.4, I2=92.87%)  (Figure 2). 

  A funnel plot was created to assess potential publication bias for 

Studies                                                   Weights (%)     Proportion      95% CI             Events/Total

Tor-Udom et al.[16]
Kovavisarach et al.[17]
Raj et al.[18]
Turner et al.[21]
Hiriote et al.[28]
Akkaneesermsaeng et al.[32]
Hanh et al.[34]
Safari et al.[36]
Van et al.[40]

11.712
11.106
  4.747
12.420
12.644
12.390
12.877
  8.665
13.439

0.160
0.181
0.321
0.120
0.151
0.113
0.092
0.299
0.080

(0.124, 0.196)
(0.139, 0.223)
(0.199, 0.444)
(0.093, 0.147)
(0.127, 0.175)
(0.085, 0.140)
(0.071, 0.113)
(0.232, 0.367)  
(0.072, 0.089)

  65/406
  58/320
  18/56
  66/549
127/842
  57/505
  69/750
  53/177
310/3 863

Overall                                                      100                 0.151        (0.118, 0.184)         823/7 468

Heterogeneity: Tau2=0.002; Chi2=112.221, df=8, (P<0.001);  I2=92.871 
0.10       0.15      0.20      0.25       0.30       0.35      0.40

Proportion

Figure 2. Pooled prevalence of Group B Streptococcus colonization in pregnant women.
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prevalence of GBS colonization among pregnant women (Figure  3). 

The plot, based on logit-transformed proportions, reveals a fairly 

symmetrical distribution of studies around the pooled effect estimate, 

suggesting no strong evidence of publication bias. However, the 

limited number of included studies restricts the capacity to draw 

definitive conclusions regarding bias or small-study effects.

 

 -3          -2          -1           0           -1          -2          -3
Logit transformed proportion

St
an

da
rd

 e
rr

or

0.0

0.5

1.0

1.5

Figure 3. Funnel plot assessing publication bias in studies reporting the 

prevalence of Group B Streptococcus colonization among pregnant women, 

showing a symmetrical distribution of the studies, indicating no visual 

evidence of publication bias.

3.3.2. Prevalence of Invasive GBS
  Three studies reported the prevalence of invasive GBS[23,27,29]. A 

study in Thailand and Philippines among infants aged <90 months 

found that the prevalence of GBS was 0.8% among the positive 

cultures in the Philippines; while in Thailand, the prevalence was 

not reported due to the total number of cultures taken for further 

investigation was not available. In the Philippines, all the cases were 

of early-onset disease (EOD) in infants. Two babies died, and the 

other recovered from infection and was released from hospital. In 

Thailand cases, there are two cases: the first one was a boy who died 

14 hours after birth, and the second case was a girl born at 35 weeks 

who recovered and was released from hospital[23]. 

  The prospective study by Kerdsin et al.[29] showed a prevalence of 

GBS of 28.9% (210 out of 725) among non-pregnant adult, pregnant 

women, and neonates in Thailand. The prevalence was higher among 

male (n=130, 61.9%) than female (n=80, 38.1%). Of the 149 patients 

with the clinical manifestation, septicemia was the most common 

invasive condition (n=135, 90.6%), followed by meningitis (n=10, 

6.7%) and septic arthritis (n=4, 2.7%) among the cases. The highest 

prevalence of invasive GBS (35.8%) was reported by Kalimuddin et 
al.[27] in five public sector hospitals in Singapore among 408 non-

pregnant adults who consumed raw fish during 2015 GBS outbreak. 

Most of the patients were young adults, male (n=236, 57.8%) 

and Chinese ethnicity (n=316, 77.5%). The GBS infections were  

associated with meningoencephalitis, native joint septic arthritis, and 

spinal infection. 

3.4. Serotype distribution of GBS 

  A total of 16 studies of serotype distribution with a total of 3 151 

samples are shown in Figure 4. In general, serotype 栿 was the 

most common in nine studies, followed by serotype 栺a in three 

studies and serotype 栻 in two studies, and 桍 and 桋 in one study 

each. In addition, serotypes 栺b, 桇, 桏 and 桒 were reported; a 

small proportion of serotypes were non-typeable. Serotype 桖 only 

reported in one study among invasive isolates. Figure 2 presents 

the overall pooled distribution of GBS serotypes in Southeast Asia. 

Serotype 栿 is the most common, accounting for 44.84% of cases, 

followed by serotype 桋 (17.01%), serotype 栻 (11.62%), serotype 

桍 (9.01%), and serotype 栺a (8.76%). The remaining serotypes, 

including 栺b, 桇, 桏, 桒, 桖, and NT (non-typable), are much less 

frequent, each representing less than 5% of the total isolates. In 

addition, it shows the distribution of each serotype by country, 

highlighting geographical variations. Serotype 栿 was particularly 

dominant in Singapore and Thailand, while serotype 桋 is more 

prevalent in Vietnam and Thailand. Other serotypes, such as 桍 and 

栻, show higher percentages in Malaysia and Indonesia, respectively.    

  Information on serotypes associated with colonizing and non-

invasive GBS among pregnant women was available from four 

studies[21,34,36,37]. Turner et al.[21] study, among 66 GBS isolates, 

eight of the ten currently known GBS serotypes were identified, the 

most common serotype was 栻, identified in 16 isolates (24.2%), 

followed by serotype 栺a and serotype 桍, each found in 12 isolates 

and accounting for 18.2% of the total samples. Other serotypes 

detected included 栿 and 桋 (6 isolates each, 9.1%), 桇 (4 isolates, 

6.1%), 桏 (5 isolates, 7.6%), and 栺b (1 isolate, 1.5%), while no 

isolates were found for serotypes 桒 and 桖; additionally, 4 isolates 

(6.1%) were non-typeable. Hanh et al.[34] found that mothers 

colonized with serotypes 栿 (n=27, 39.13%) and 桋 (n=22, 31.89%) 

were the most frequent, followed by serotype 栺a and 桍 (n=8, 

11.59% for each), 栺b (n=2, 2.90%), 栻 and 桏 (n=2, 1.45% for 

each), respectively. Serotypes 桇, 桒 and 桖 were not found. Safari et 
al.[36] reported that serotype 栻 was the most common (n=16, 30%), 

followed by serotype 栿 (n=12, 23%), 栺a and 桇 (n=7, 13% each), 

桍 (n=4, 8%), 栺b and 桋 (n=3, 6% each), and one non-typeable 

strain. GBS serotype 栿 was more resistant to erythromycin, 

clindamycin, and levofloxacin. In addition, six out of ten multidrug-

resistant isolates were serotype 栿 followed by serotype 栺b (2/10), 

serotype 栺a (1/10), and serotype 桇 (1/10). Bahez et al.[37] found that 

among 62 colonizing GBS isolates, 48 (77.4%) were serologically 
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typeable, and 14 (22.6%) were non-typeable. Serotypes 栺a and 栺b 

(n=10, 16.1% each) were the most common, followed by 栻, 桋, and 

桏 (n=6, 9.7% each), 栿 (n=5, 8.1%), 桍 (n=4, 6.5%), and 桒 (n=1, 

1.6%).

  Information on serotypes associated with invasive and non-invasive 

isolates was available in 11 studies[19,22,24,25,27,29,31,33,38,39,41]. 

Meta-analyses could not be performed on Barkham et al.[31] because 

data on serotypes other than serotype 栿 were not reported. Barkham 

et al.[31] reported that among 38 of GBS isolates, 30 (79%) were 

serotype 栿 with 32% had meningitis. 

  In Malaysia, Karunakaran et al.[19] found that serotyping of 45 GBS 

isolates using a commercial serotyping kit revealed that the most 

common serotype was 栺a (n=10, 22.2%), followed by 桍 (n=8, 

17.8%), and both 栿 and 桋 (n=6, 13.3% each). Other serotypes 

identified included 栺b, 栻, 桇, and 桒 (n=2, 4.4% each), 桏 (n=1, 

2.2%), while 6 isolates (13.3%) were non-typeable. Eskandarian 

et al.[22] reported that among 103 GBS serotype 桍 was the most 

common capsular type (n=23, 22.3%) followed by 桏 (n=22, 21.4%), 

栿 (n=21, 20.4%), 栺a (n=18, 17.5%), 桋 (n=10, 9.7%), 栻(n=8, 

7.7%) and 桇 (n=1, 1%). No serotype 栺b isolates were found in the 

study. Suhaimia et al.[26] reported that serotype 栺a was the most 

common serotype (n=27, 45%), followed by 栿 (n=10, 16.7%), 桋 

(n=9, 15%), 桍 (n=8, 13.3%), 桒 (n=2, 3.3%) and 桏 (n=1, 1.7%). 

Serotype 栺b, 桇 and 桖 were not found in the study. No significant 

association was found between serotypes and isolation sites in the 

study (P>0.05). A study by Muthanna et al.[41] reported that among 

113 invasive GBS isolates the most common serotype was serotype 

桋 (n=26, 23%), followed by 栺a (n=22, 19.5%), 栻 (n=21, 18.6%), 

桍 (n=18, 15.9%), 栿 (n=12, 10.6%), 桏 (n=5, 4.4%), 栺b and 桇, 

(n=4, 3.5% each) and 桖 (n=1, 0.9%).

  While the seven remaining studies reported serotype 栿 to 

be the most common serotype which associated with invasive 

isolates[24,25,27,29,33,38,39]. In Thailand, Paveenkittiporn et al.[33] 

reported that of the 1 736 isolates, multiplex PCR revealed 805 

isolates of serotype 栿 (46.4%), 365 isolates of serotype 桋 (21%), 

248 isolates of serotype 栻 (14.3%), 118 isolates of serotype 桍 

(6.8%), 96 isolates of serotype 栺a (5.5%), 57 isolates of serotype 栺

b (3.3%), 31 isolates of serotype 桏 (1.8%), 12 isolates of serotype 桇 

(0.7%), and 4 isolates that were untypeable (0.2%). Serotype 栿 was 

strongly significantly (P=0.001) correlated with meningitis, sepsis 

and septic arthritis, while serotype 桋 was more associated with 

urinary tract infection than other serotypes (P=0.005).  Additionally, 

in Thailand, Kerdsin et al.[29] reported that among a total of 210 

GBS samples, serotype 栿 was the most common serotype (n=183, 
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Figure 4. Distribution of Group B Streptococcus serotypes in Southeast Asian Countries. (A) Distribution of Group B Streptococcus serotypes; (B) Distribution 
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87.15%) and it was mainly detected in septicemia cases (73.8%), 

followed by serotype 栺a (n=11, 5.24%), 桋 (n=8, 3.81%), 栻 and 

桍 (n=3, 1.43% each) and 栺b and 桏 each in just 1 case (0.47%). 

Additionally, a study by Tulyaprawat et al.[38] in Siriraj Hospital in 

Thailand reported that, 57/109 isolates (52.3%) of the total isolates 

belonged to serotype 栿, followed by serotypes 桋 and 桍 (13.8%, 

15/109 isolates for each serotype). Serotype 栺b was the next most 

prevalent serotype (11.9%, 13/109 isolates). Serotypes 栺a (3.7%, 

4/109 isolates), 桏 (2.7%, 3/109 isolates), and 桇 (1.8%, 2/109 

isolates) were additional serotypes. Serotypes 栻, 桒, or 桖 were 

not found. In Singapore, the four retrospective studies[24,25,27,39] 

were among patients with consumption of raw fish and infants from 

birth to day 90 of life. Tan et al.[25] found a significant association 

between eating raw fish and serotype 栿 bacteremia, where all the 

patients who ate raw fish (n=19) were associated with serotype 栿 . 

Those who did not eat raw fish (n=17) had various serotypes: 栿

(n=7, 41.2%), 栻 and 桍 (n=4, 23.5%) of each, 栺a and 桏 (n=1, 

5.9%) of each. However, serotype 栿 was the most common in both 

groups. Rajendram et al.[24] reported that among 22 GBS cases, 

serotype 栿 found in 11 (50%) of the cases, followed by serotypes 

栻 (n=5, 22.7%), 栺a (n=3, 13.6%), 桋 (n=2, 9.1%), and 桏 (n=1, 

4.6%). Serotype 栿 was found to be associated with bacteremia. 

Kalimuddin et al.[27] reported that among 408 GBS isolates, serotype 

栿 (n=190, 46.6%) to be the most common, followed by 桍 (n=58, 

14.2%), 桋 (n=55, 13.5%), 栺a (n=38, 9.3%), 栻 (n=35, 8.6%), 栺b 

(n=17, 4.2%), 桏 (n=12, 2.9%) 桇 (n=1, 0.2%) and 2 isolates (0.5%) 

were non-typeable. Patients with serotype 栿 infection were younger 

and had fewer comorbidities but were more likely to develop 

meningoencephalitis, septic arthritis, and spinal infection. A study by 

Kam et al.[39] in KK Women’s and Children’s Hospital in Singapore 

among 71 infants from birth to day 90 of life reported that out of the 

71 cases of invasive GBS, 59 isolates were serotyped, and serotype 

栿 was the most prevalent serotype in both the EOD (n=6, 37.5%) 

and LOD groups (n=36, 65.5%; total n=42, 71.2%). Serotype 栺

a was the second most common serotype identified (n=9, 15.3%) 

followed by serotype 桋 (n=3, 5.1%). Serotypes 栺a, 栺b, 栻, 栿, and 

桋 accounted for 98.3% (n=58) of the serotypes while serotypes 栺

a, 栺b and 栿 (n=53) were seen in 89.8% of the GBS isolates. All the 

cases of meningitis (with or without concomitant bacteremia) were 

caused by serotype 栿.

3.5. Sequence type distribution of GBS 

  A total of eight studies reported the ST distribution among GBS 

isolates[24,25,27,30,31,35,38,41]. However, meta-analyses could not be 

performed because the required data about ST distribution were not 

available in five studies[24,25,27,30,31]. Ezhumalai et al.[35] in Malaysia 

identified 15 STs among 50 invasive and non-invasive GBS isolates, 

with ST1 being the most prevalent (n=21, 42.0%), followed by 

ST23 (n=7, 14%), ST19 (n=4, 8%), ST103 (n=3, 6%), ST167, 

ST335, ST28, ST24 (n=2, 4% for each), and ST14, ST17, ST144, 

ST314, ST651, ST635, ST485 (n=1, 2% for each). Another study 

in Malaysia[41] found that among 113 GBS isolates, ST1 (n=15, 

32.6%) made up the majority of GBS invasive isolates, followed by 

ST17 (n=6, 13%), ST3, ST12 and ST26 (n=3, 6.5% for each), ST24 

and ST283 (n=2, 4.3% for each), ST19, ST23, ST28, ST130, ST196, 

ST335, ST459, ST485 and ST861 (n=1, 2.2% for each), and lastly 

three newly identified ST1668, ST1669 and ST1670 (n=1, 2.2% 

for each). This study reported ST283 in humans for the first time in 

Malaysia in two cases, which were associated with Chinese ethnicity, 

non-pregnant patients and susceptibility to antibiotics[41]. In Laos, 

Barkham et al.[31] reported that ST283 accounted for the majority 

of invasive GBS (n=29, 76.3%). The study did not report the other 

ST of the remaining samples. ST283 was associated with meningitis 

among young adults without comorbidities. In Singapore, studies by 

Tan et al.[25], Rajendram et al.[24], Kalimuddin et al.[27] and Ong et 
al.[30] reported that ST283 was more associated with eating raw or 

undercooked fish, Chinese ethnicity and patients without significant 

comorbidities. In Thailand, Tulyaprawat et al.[38] reported that 

among 109 of GBS isolates, ST1 (64.5%) was the most common ST, 

followed by ST283 (16.1%), ST12 (9.7%), ST452 (6.5%) and ST17 

(3.2%).

4. Discussion 

  Currently, the prevalence of invasive and colonizing GBS, serotype 

distributions and ST distributions of the isolates in the Southeast 

Asia setting is investigated in small and fragmented ways. Therefore, 

this is the first meta-analysis of its kind to summarize the pooled 

proportion of invasive and colonizing GBS regarding to serotype 

and sequence type distributions reported in 26 studies among eight 

countries.

  In the current meta-analysis, the overall estimate average of the 

maternal GBS colonization proportion among pregnant women was 

15.1% (95% CI 11.8%-18.4%). This finding is comparable with the 

meta-analysis study conducted worldwide in 2016[42]. In the sub-

group analysis of the maternal rectovaginal colonization, Southeast 

Asia was represented by only seven studies involving 3 749 women, 

of whom 389 were GBS positive, resulting in an 11.1% colonization 

rate (95% CI 6.8%-15.3%)[42]. However, the overall estimates of 

maternal rectovaginal GBS colonization proportion from 78 studies 

with 73 791 pregnant women was 17.9% (95% CI 16.2%-19.7%). 

Southeast Asia had the lowest estimated proportion of colonization 

compared to other regions, with Africa at 22.4% (95% CI 18.1%-

26.7%), the Americas at 19.7% (95% CI 16.7%-22.7%), Europe at 
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19.0% (95% CI 16.1%-22.0%), the Eastern Mediterranean at 16.7% 

(95% CI 11.7%-21.7%), and the Western Pacific at 13.3% (95% CI 
7.8%-18.8%)[42].

  Another meta-analysis study analyzed the maternal colonization 

dataset, which included 390 articles, 85 countries and a total of 

299 924 pregnant women, and found that the global adjusted 

estimate for maternal GBS colonization was 18% (95% CI 17%-

19%), with regional differences, with 12.5% (95% CI 10%-15%) 

GBS colonization in Southeast Asia and 11% (95% CI 10%-12%) 

GBS colonization in East Asia[43]. Moreover, a South Indian cohort 

study found that among 310 mothers, 12.9% (95% CI 9.2%-17.6%) 

were GBS colonized, linked with neonatal systemic illness and 

premature rupture of membranes[44]. These results are slightly closer 

to the overall estimate of the colonization proportion reported in the 

current meta-analysis. 

  The reported colonization rate is subject to variation due to a 

multitude of factors including geographic location, genetic variations 

in host responses, and differences in sampling and processing 

techniques. Furthermore, methodological choices such as the timing 

of sample collection during pregnancy, the utilization of enriched 

selective culture media, and the specific identification method 

employed (serological, molecular, or presumptive tests) can also 

significantly influence the observed variability across different 

studies. Universal screening and localized surveillance are critical, 

given the absence of consistent country-level data and the risk of 

neonatal complications linked to GBS colonization[45].

  Determination of GBS serotypes is important to understand the 

epidemiology of GBS[46]. To date, based on capsular polysaccharide 

(CPS), which is one of the major virulence factors underlying 

invasive GBS disease, a total of 10 GBS capsular serotypes (栺
a, 栺b, and 栻-桖) have been characterized[47]. The distribution of 

GBS serotypes in Southeast Asia shows distinct regional patterns 

compared to global trends. In this meta-analysis, serotype 栿
dominated, comprising nearly half of all isolates, followed by 

serotypes 桋, 栻, 桍, and 栺a across the included studied countries. 

This contrasts with global systematic reviews, where serotypes 栺
a, 栺b, 栻, 栿, and 桋 collectively account for over 94% of cases, 

with 栺a often reported as the most prevalent in many regions[48-51]. 

While Southeast Asian data aligns broadly with the global 

prominence of serotypes 栿, 栺a, and 桋, the regional predominance 

of serotype 栿 diverges from patterns seen in parts of Europe, Africa, 

and the Americas where 栺a typically leads[52]. Notably, serotype 

桖-occasionally reported in African and European studies-was 

almost absent from the Southeast Asian dataset, suggesting potential 

geographical variations in serotype distribution. The analysis 

also identified a small but significant proportion (0.2%) of non-

typeable (NT) GBS strains, a finding with implications for vaccine 

development as current capsular polysaccharide-based strategies 

may not cover these unclassified variants. This NT prevalence, 

though low, mirrors challenges observed in other regions where 

antigenic diversity complicates vaccine formulation. The Southeast 

Asian serotype hierarchy (栿 > 桋 > 栻 > 桍 > 栺a) differs from the 

global pattern (栺a > 栿 > 桋 > 栺b > 栻), highlighting the need for 

region-specific surveillance. These variations may reflect differences 

in population immunity, environmental factors, or circulating clones 

across geographical regions. The consistency in core serotype 

prevalence (栿, 栺a and 桋) across studies supports their inclusion 

in multivalent vaccine candidates, while the regional disparities 

underscore the importance of tailoring prevention strategies to local 

epidemiological patterns.

  The findings from this systematic review reveal notable differences 

in the distribution of GBS STs across Southeast Asia compared 

to other regional studies. ST1 emerged as the most prevalent 

strain across multiple countries, consistent with regional trends. 

In Malaysia, ST1 accounted for 42.0% of overall isolates and 

60.9% of invasive isolates, while Thailand reported an even higher 

ST1 prevalence (64.5%). This aligns with broader Southeast 

Asian patterns where ST1 dominates due to its association with 

severe human infections, suggesting regional coexistence of both 

widespread and niche strains. The disparity in ST1 prevalence 

among the studies may reflect differences in surveillance focus, 

sampling biases toward clinical vs. environmental isolates, or host 

population dynamics[13,53,54]. ST283 displayed significant cross-

border prevalence, appearing in Malaysia, Laos, Singapore, and 

Thailand. However, in Malaysia, ST283 representing only 4.3% (2 

cases) of invasive isolates[41]. This contrasts sharply with data from 

Laos and Thailand, where ST283 accounted for 76.3% and 16.1% 

of invasive human GBS cases, respectively, as reported in prior 

studies[31,38]. Similarly, in Singapore, ST283 comprised 35.8% to 

69.4% of invasive GBS isolates during outbreak periods[24,25,27,30], 

highlighting its regional significance as a hypervirulent clone 

linked to raw freshwater fish consumption[5]. The lower prevalence 

of ST283 in Malaysian study may reflect geographical variations 

in dietary practices or differences in aquaculture exposure, as 

ST283 is strongly associated with tilapia farming and raw fish 

consumption[55]. 

  The study in Thailand, showing ST283 at 16.1%[38], differ 

from earlier reports of 73% prevalence[5], potentially due to 

methodological factors such as inclusion criteria (e.g., mixing 

invasive and non-invasive isolates) or sampling from populations 

with lower exposure to raw fish. This discrepancy underscores the 

importance of stratifying analyses by clinical severity and exposure 

risks. The variability in ST283 detection across reviews may also 

stem from temporal trends. For instance, Singapore’s 2015 raw fish 

sales ban correlated with reduced ST283 cases[56], implying that 

public health interventions could alter strain prevalence over time. 

Furthermore, differences in genomic surveillance scope—some 

studies focused exclusively on invasive isolates or aquaculture-

linked outbreaks[5]—might amplify ST283’s perceived dominance 

compared to broader systematic reviews. These findings emphasize 

the need for standardized reporting of ST distributions stratified by 

clinical context, exposure history, and geographical subregions to 

clarify transmission dynamics in Southeast Asia. 

  Divergence in other STs between Malaysia and Thailand is notable 

in this review[35,38,41]. Malaysia exhibited higher proportions 

of the ST23 strain, accounting for 14.0% overall and 8.7% of 

invasive cases[35], a strain that is less prominent in Thailand[38]. In 

contrast, Thailand reported higher levels of ST12 (9.7%) and ST452 
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(6.5%), strains that were minimally represented in Malaysian data. 

Additionally, ST17, which is associated with antimicrobial resistance, 

comprised 13.0% of invasive isolates in Malaysia but only 3.2% in 

Thailand. Three novel STs that were identified in a Malaysian study 

(ST1668-1670) highlight a genetic diversity understudied in the 

region, which may be affected by antimicrobial use in the local area 

or animal husbandry[41]. In Southeast Asia, the regional dominance 

of ST1 and ST283 highlights shared zoonotic risks, advocating for 

standardized One Health surveillance. However, country-specific 

strain distributions (e.g., Thailand’s ST452 vs. Malaysia’s ST23) 

suggest tailored control measures may be necessary. The limited 

data from Laos and Singapore underscores the need for expanded 

genomic epidemiology efforts to map reservoirs and transmission 

pathways. These findings align with global trends where ST1 and 

ST7 dominate in Asia but contrast with European profiles dominated 

by ST1 and ST123, emphasizing the need for region-specific vaccine 

development and antimicrobial stewardship programs[57].

  The limitations in this review regarding GBS in Southeast Asia are 

primarily due to the scarcity of data on its prevalence, serotypes, and  

STs. There is a notable lack of comprehensive epidemiological data 

on GBS in Southeast Asia, particularly concerning invasive disease 

and specific serotypes or STs. The distribution of GBS serotypes and 

STs varies globally, but detailed information from Southeast Asia is 

limited, making it difficult to understand the regional epidemiology. 

Moreover, the heterogeneity in study findings is partly due to 

differences in methodologies and data quality across various studies, 

which complicates the synthesis of results. Improving surveillance 

and data collection on GBS infections, especially in Southeast Asia, 

is crucial for understanding the disease burden and developing 

effective prevention strategies. Standardizing methodologies across 

studies could help reduce heterogeneity and provide more consistent 

insights into GBS epidemiology.

  In conclusion, data from this systematic review and meta-analysis 

provided important epidemiological information on GBS isolated 

from the 11 657 patients, neonates and pregnant women in five 

Southeast Asia countries. Overall, the pooled prevalence of maternal 

GBS colonization was 15.1% in this meta-analysis. Serotypes 栿 , 

桋, 栻, 桍 and 栺a were found to be the most common serotypes 

in Southeast Asia that accounted for 91.24% of the total. The 

distribution of GBS-ST, predominance of ST1 and ST283, and 

the need for surveillance and tailored prevention strategies were 

emphasized. These findings may contribute to the development 

of GBS vaccine suited for disease prevention and treatment in 

Southeast Asia.

Conflict of interest statement

  The authors report no conflict of interest.

Funding

  The authors received no extramural funding for this study. 

Availability of data and materials

  The datasets that are used and analyzed in this study can be made 

available upon reasonable request.

Authors’ contributions

  AM and MNMD conceived and designed the methodology and 

data analysis, prepared figures and tables, authored and reviewed 

drafts of the paper, and approved the final draft. NS, NDD and 

MMJA analyzed the data, authored and reviewed drafts of the paper, 

and approved the final draft. SAN and MNAA reviewed drafts of the 

paper, and approved the final draft.

References 

[1] �Shabayek S, Spellerberg B. Group B streptococcal colonization, 

molecular characteristics, and epidemiology. Front Microbiol 2018; 9(1): 

1-14. https://doi.org/10.3389/fmicb.2018.00437.

[2] �Chen X, Cao S, Fu X, Ni Y, Huang B, Wu J, et al. The risk factors for 

Group B Streptococcus colonization during pregnancy and influences of 

intrapartum antibiotic prophylaxis on maternal and neonatal outcomes. 

BMC Pregnancy Childbirth 2023; 23(1): 1-9. https://doi.org/10.1186/

s12884-023-05478-9. 

[3] �Patras KA, Nizet V. Group B streptococcal maternal colonization and 

neonatal disease: Molecular mechanisms and preventative approaches. 

Front Pediatr 2018; 6(2): 1-17. https://doi.org/10.3389/fped.2018.00027.

[4] �Chau ML, Chen SL, Yap M, Hartantyo SHP, Chiew PKT, Fernandez CJ, 

et al. Group B Streptococcus infections caused by improper sourcing and 

handling of fish for raw consumption, Singapore, 2015-2016. Emerg Infect 
Dis 2017; 23(12): 2002-2010. https://doi.org/10.3201/eid2312.170596.

[5] �Barkham TID, Zadoks RN, Azmai MNA, Baker S, Bich VTN, Chalker 

V, et al. One hypervirulent clone, sequence type 283, accounts for a large 

proportion of invasive Streptococcus agalactiae isolated from humans 

and diseased tilapia in Southeast Asia. PLoS Negl Trop Dis 2019; 13(6): 

e0007421. https://doi.org/10.1371/journal.pntd.0007421.

[6] �Zohari Z, Barkham T, Mohamad Maswan N, Chen SL, Muthanna AR, 

Lee KW, et al. Fish-associated Streptococcus agalactiae ST283: First 

human cases reported from Malaysia. J Med Microbiol 2023; 72(6): 1-4. 

https://doi.org/10.1099/jmm.0.001729.

[7] �Bianchi-Jassir F, Paul P, To KN, Carreras-Abad C, Seale AC, 

Jauneikaite E, et al. Systematic review of Group B streptococcal 

capsular types, sequence types and surface proteins as potential vaccine 

candidates. Vaccine 2020; 38(43): 6682-6694. https://doi.org/10.1016/

j.vaccine.2020.08.052.

[8] �Yao Z, Jiayin W, Xinyi Z, Ling C, Mingyuan H, Simin M, et al. 

Identification of Group B Streptococcus serotypes and genotypes in late 

pregnant women and neonates that are associated with neonatal early-

onset infection in a South China population. Front Pediatr 2020; 8: 265. 

https://doi.org/10.3389/fped.2020.00265.

[9] �Muthanna A, Desa MNM, Rahman NAA, Dzaraly ND, Baharin NHZ, 

Aziz NA, et al. Epidemiological observations of invasive group B 



300 AbdulRahman Muthanna et al./ Asian Pacific Journal of Tropical Medicine 2025; 18(7): 289-301

Streptococcus infections in six major hospitals in Peninsular Malaysia. 

Asian Pac J Trop Med 2024; 17(9): 384-391.

[10] �Africa CWJ, Kaambo E. Group B Streptococcus serotypes in pregnant 

women from the Western Cape region of South Africa. Front Public Heal 
2018; 6(10): 356. https://doi.org/10.3389/fpubh.2018.00356.  

[11]�Carreras-Abad C, Ramkhelawon L, Heath PT, Le Doare K. A vaccine 

against Group B Streptococcus: Recent advances. Infect Drug Resist 2020; 

13: 1263-1272. http://doi.org/10.2147/IDR.S203454. 

[12]�Song JY, Lim JH, Lim S, Yong Z, Seo HS. Progress toward a Group B 

streptococcal vaccine. Hum Vaccines Immunother 2018; 14(11): 2669-

2681. https://doi.org/10.1080/21645515.2018.1493326.

[13]�Jones N, Bohnsack JF, Takahashi S, Oliver KA, Chan MS, Kunst F, 

et al. Multilocus sequence typing system for Group B Streptococcus. 

J Clin Microbiol 2003; 41(6): 2530-2536. https://doi.org/10.1128/

JCM.41.6.2530-2536.2003. 

[14]�Davies HD, Jones N, Whittam TS, Elsayed S, Bisharat N, Baker CJ. 

Multilocus sequence typing of serotype 栿 group B Streptococcus and 

correlation with pathogenic potential. J Infect Dis 2004; 189(6): 1097-

1102. https://doi.org/10.1086/382087. 

[15]�Tsai MH, Hsu JF, Lai MY, Lin LC, Chu SM, Huang HR, et al. Molecular 

characteristics and antimicrobial resistance of Group B Streptococcus 
strains causing invasive disease in neonates and adults. Front Microbiol 
2019; 10(2): 1-9. https://doi.org/10.3389/fmicb.2019.00264. 

[16]�Tor-Udom S, Tor-Udom P, Hiriote W. The prevalence of Streptococcus 
agalactiae (Group B) colonization in pregnant women at Thammasat 

Hospital. J Med Assoc Thail 2006; 89(4): 411-414. 

[17]�Kovavisarach E, Sa-adying W, Kanjanahareutai S. Comparison of 

combined vaginal-anorectal, vaginal and anorectal cultures in detecting 

of group B streptococci in pregnant women in labor. J Med Assoc Thail 
2007; 90(9): 1710-1714. 

[18]�Raj M, Razali N, Sulaiman S. Screening of antenatal mothers and 

prevention of perinatal Group B streptococcal infection. J Heal Transl 
Med 2009; 12(1): 27-30. 

[19]�Karunakaran R, Raja NS, Hafeez A, Puthucheary SD. Group B 

Streptococcus infection: Epidemiology, serotypes, and antimicrobial 

susceptibility of selected isolates in the population beyond infancy 

(excluding females with genital tract- and pregnancy-related isolates) at 

the University Malaya Medical Centre, Kuala Lumpur. Jpn J Infect Dis 
2009; 62(3): 192-194. https://doi.org/10.7883/yoken.JJID.2009.192.

[20]�Chaiwarith R, Jullaket W, Bunchoo M, Nuntachit N, Sirisanthana T, 

Supparatpinyo K. Streptococcus agalactiae in adults at Chiang Mai 

University hospital: A retrospective study. BMC Infect Dis 2011; 11: 49. 

http://dx.doi.org/10.1186/1471-2334-11-149.

[21]�Turner C, Turner P, Po L, Maner N, De Zoysa A, Afshar B, et al. Group B 

streptococcal carriage, serotype distribution and antibiotic susceptibilities 

in pregnant women at the time of delivery in a refugee population on 

the Thai-Myanmar border. BMC Infect Dis 2012; 12: 34. https://doi.

org/10.1186/1471-2334-12-34. 

[22]�Eskandarian N, Ismail Z, Neela VK, Van Belkum A, Desa MNM, Nordin 

SA. Antimicrobial susceptibility profiles, serotype distribution and 

virulence determinants among invasive, non-invasive and colonizing 

Streptococcus agalactiae (group B Streptococcus) from Malaysian 

patients. Eur J Clin Microbiol Infect Dis 2015; 34(3): 579-584. https://doi.

org/10.1007/s10096-014-2265-x. 

[23]�Villanueva-Uy ME, Wongsiridej P, Sangtawesin V, Chiu V, Tallo V, 

Nazaire-Bermal N, et al. The burden of invasive neonatal Group B 

streptococcal (GBS) disease in Thailand and the Philippines. Southeast 
Asian J Trop Med Public Health 2015; 46(4): 728-737. 

[24]�Rajendram P, Kyaw WM, Leo YS, Ho H, Chen WK, Lin R, et al. Group 

B Streptococcus sequence type 283 disease linked to consumption of raw 

fish, Singapore. Emerg Infect Dis 2016; 22(11): 1974-1977.  

[25]�Tan S, Lin Y, Foo K, Ang LW, Cui L, Badaruddin H. Sequence type 

283 bacteremia associated with consumption of raw fish, Singapore. 

Emerg Infect Dis 2016; 22(11): 1970-1973. http://dx.doi.org/10.3201/

eid2211.160210. 

[26]�Suhaimi ME, Desa MNM, Eskandarian N, Pillay SG, Ismail Z, Neela 

VK, et al. Characterization of a Group B Streptococcus infection based on 

the demographics, serotypes, antimicrobial susceptibility and genotypes 

of selected isolates from sterile and non-sterile isolation sites in three 

major hospitals in Malaysia. J Infect Public Health 2017; 10(1): 14-21. 

https://doi.org/10.1016/j.jiph.2016.01.009.

[27]�Kalimuddin S, Chen SL, Lim CTK, Koh TH, Tan TY, Kam M, et al. 2015 

epidemic of severe Streptococcus agalactiae sequence type 283 infections 

in Singapore associated with the consumption of raw freshwater fish: A 

detailed analysis of clinical, epidemiological, and bacterial sequencing 

data. Clin Infect Dis 2017; 64(2): S145-S152. https://doi.org/10.1093/cid/

cix021.

[28]�Hiriote W, Tor-Udom S, Tor-Udom P. Maternal to child group B 

Streptococcus transmission rate at Thammasat University hospital, 

Thailand. Southeast Asian J Trop Med Public Health 2017; 48(4): 841-

849. 

[29]�Kerdsin A, Hatrongjit R, Hamada S, Akeda Y, Gottschalk M. 

Development of a multiplex PCR for identification of β-hemolytic 

streptococci relevant to human infections and serotype distribution of 

invasive Streptococcus agalactiae in Thailand. Mol Cell Probes 2017; 36: 

10-14. http://dx.doi.org/10.1016/j.mcp.2017.06.007.

[30]�Ong SW, Barkham T, Kyaw WM, Ho HJ, Chan M. Characterisation 

of bone and joint infections due to Group B Streptococcus serotype 栿 

sequence type 283. Eur J Clin Microbiol Infect Dis 2018; 37(7): 1313-

1317. https://doi.org/10.1128/2FJCM.01533-06. 

[31]�Barkham T, Dance DAB, Vongsouvath M, Newton P, Chen S. 

Streptococcus agalactiae ST283 has been present in Laos for over 18 

years. Int J Infect Dis 2018; 73(2018): 189. http://dx.doi.org/10.1016/

j.ijid.2018.04.3843.

[32]�Akkaneesermsaeng W, Petpichetchian C, Yingkachorn M, Sasithorn 

S. Prevalence and risk factors of group B Streptococcus colonisation in 

intrapartum women: A cross-sectional study. J Obstet Gynaecol 2019; 

39(8): 1093-1097. https://doi.org/10.1080/01443615.2019.1587597.

[33]�Paveenkittiporn W, Ungcharoen R, Kerdsin A. Streptococcus 
agalactiae infections and clinical relevance in adults, Thailand. Diagn 
Microbiol Infect Dis 2020; 97(1): 115005. https://doi.org/10.1016/

j.diagmicrobio.2020.115005.

[34]�Hanh TQ, Van Du V, Hien PT, Chinh DD, Loi CB, Dung NM, et al. 

Prevalence and capsular type distribution of group B Streptococcus 
isolated from vagina of pregnant women in Nghe An Province, Vietnam. 
Iran J Microbiol 2020; 12(1): 11-17. http://dx.doi.org/10.18502/ijm.

v12i1.2511. 

[35]�Ezhumalai M, Muthanna A, Suhaili Z, Dzaraly ND, Amin-Nordin S, 



301 GBS in Southeast Asia

Amal MNA, et al. Multilocus sequence typing analysis of invasive 

and non-invasive Group B Streptococcus of hospital origin in Malaysia. 

Malaysian J Med Sci 2020; 27(1): 134-138. http://dx.doi.org/10.21315/

mjms2020.27.1.14.

[36]�Safari D, Gultom SM, Tafroji W, Azzahidah A, Soesanti F, Khoeri MM, 

et al. Prevalence, serotype and antibiotic susceptibility of Group B 

Streptococcus isolated from pregnant women in Jakarta, Indonesia. PLoS 

One 2021; 16(5): 1-9.  http://dx.doi.org/10.1371/journal.pone.0252328.

[37]�Bahez A, Mahmud MIADM, Hamzah HA, Wahid HH. Virulence-

genes Rib and Bca in serotypes of Group B Streptococcus (GBS) isolated 

from symptomatic pregnant women in East Coast Malaysia. IIUM 

Med J Malaysia 2021; 20(3): 118-126. https://doi.org/10.31436/imjm.

v20i3.1633. 

[38]�Tulyaprawat O, Pharkjaksu S, Shrestha RK, Ngamskulrungroj P. 

Emergence of multi-drug resistance and its association with uncommon 

serotypes of Streptococcus agalactiae isolated from non-neonatal patients 

in Thailand. Front Microbiol 2021; 12(9): 1-11. https://doi.org/10.3389/

fmicb.2021.719353. 

[39]�Kam KQ, Thoon KC, Tee WSN, Ang MLT, Tan NWH, Yeo KT, et al. 

Serotype distribution and incidence of invasive early onset and late onset 

group B streptococcal disease amongst infants in Singapore. BMC Infect 

Dis 2021; 21(1): 1-9. https://doi.org/10.1186/s12879-021-06891-1. 

[40]�Van Du V, Dung PT, Toan NL, Van Mao C, Bac NT, Van Tong H, et al. 

Antimicrobial resistance in colonizing group B Streptococcus among 

pregnant women from a hospital in Vietnam. Sci Rep 2021; 11(1): 1-7. 

https://doi.org/10.1038/s41598-021-00468-3.

[41]�Muthanna A, Desa MNM, Alsalemi W, Liyana Abd Aziz NA, Dzaraly 

ND, Baharin NHZ, et al. Phenotypic and genotypic comparison of 

pathogenic group B Streptococcus isolated from human and cultured 

tilapia (Oreochromis species) in Malaysia. Comp Immunol Microbiol Infect 

Dis 2023; 97: 101993.  https://doi.org/10.1016/j.cimid.2023.101993.

[42]�Kwatra G, Cunnington MC, Merrall E, Adrian PV, Ip M, Klugman KP, 

et al. Prevalence of maternal colonisation with group B Streptococcus: A 

systematic review and meta-analysis. Lancet Infect Dis 2016; 16(9): 1076-

1084. http://dx.doi.org/10.1016/S1473-3099(16)30055-X.

[43]�Russell NJ, Seale AC, O’Driscoll M, O’Sullivan C, Bianchi-Jassir 

F, Gonzalez-Guarin J, et al. Maternal colonization with Group B 

Streptococcus and serotype distribution worldwide: Systematic review and 

meta-analyses. Clin Infect Dis 2017; 65(2): S100-S111. 

[44]�Warrier LM, Joy S, Raja Rajeswari C, Bashir RA. Group B streptococcal 

colonization among pregnant women and neonates in a tertiary care 

hospital in South India. Indian J Pediatr 2022; 89(12): 1187-1194. 

https://doi.org/10.1007/s12098-022-04120-4.

[45]�Steer PJ, Bedford A, Kochhar S, Cox P, Plumb J. Group B streptococcal 

disease in the mother and newborn—A review. Eur J Obstet Gynecol 

Reprod Biol  2020; 252(1): 526-533. https://doi.org/10.1016/

j.ejogrb.2020.06.024. 

[46]�Muthanna A, Baharin NHZ, Desa MNM, Dzaraly ND, Azmai MNA, 

Amin-Nordin S. Disease burden, antimicrobial resistance and molecular 

characterization of invasive group B Streptococcus among non-pregnant 

adults in Malaysia: A protocol study. Asian Pac J Trop Med 2023; 16(11): 

498-505.

[47]�Furfaro LL, Chang BJ, Payne MS. Perinatal Streptococcus agalactiae 

epidemiology and surveillance targets. Clin Microbiol Rev 2018; 31(4): 

e00049-18. https://doi.org/10.1128/CMR.00049-18.

[48]�Smith TC, Roehl SA, Pillai P, Li S, Marrs CF, Foxman B. Distribution 

of novel and previously investigated virulence genes in colonizing and 

invasive isolates of Streptococcus agalactiae. Epidemiol Infect 2007; 

135(6): 1046-1054. https://doi.org/10.1017/S0950268806007515.

[49]�Yu HW, Lin HC, Yang PH, Hsu CH, Hsieh WS, Tsao LY, et al. Group 

B streptococcal infection in Taiwan: Maternal colonization and 

neonatal infection. Pediatr Neonatol 2011; 52(4): 190-195. http://dx.doi.

org/10.1016/j.pedneo.2011.05.008.

[50]�Melin P, Efstratiou A. Group B streptococcal epidemiology and vaccine 

needs in developed countries. Vaccine 2013; 31(4): 31-42. http://dx.doi.

org/10.1016/j.vaccine.2013.05.012.

[51]�Wang P, Tong JJ, Ma XH, Song FL, Fan L, Guo CM, et al. Serotypes, 

antibiotic susceptibilities, and multi-locus sequence type profiles of 

Streptococcus agalactiae isolates circulating in Beijing, China. PLoS One 
2015; 10(3): 1-13. https://doi.org/10.1371/journal.pone.0120035. 

[52]�Poyart C, Tazi A, Réglier-Poupet H, Billoët A, Tavares N, Raymond J, et 

al. Multiplex PCR assay for rapid and accurate capsular typing of group 

B streptococci. J Clin Microbiol 2007; 45(6): 1985-1988. https://doi.

org/10.1128/jcm.00159-07. 

[53]�Godoy DT, Carvalho-Castro GA, Leal CAG, Pereira UP, Leite RC, 

Figueiredo HCP. Genetic diversity and new genotyping scheme for fish 

pathogenic Streptococcus agalactiae. Lett Appl Microbiol 2013; 57(6): 476-

483. https://doi.org/10.1111/lam.12138. 

[54]�Tien N, Ho CM, Lin HJ, Shih MC, Ho MW, Lin HC, et al. Multilocus 

sequence typing of invasive group B Streptococcus in central area of 

Taiwan. J Microbiol Immunol Infect 2011; 44(6): 430-434. http://dx.doi.

org/10.1016/j.jmii.2011.04.013.

[55]�Aiewsakun P, Ruangchai W, Thawornwattana Y, Jaemsai B, 

Mahasirimongkol S, Homkaew A, et al. Genomic epidemiology of 

Streptococcus agalactiae ST283 in Southeast Asia. Sci Rep 2022; 12(1): 

1-13. https://doi.org/10.1038/s41598-022-08097-0.

[56]�Food and Agriculture Organization (FAO). Invasive disease and illness 

linked to consumption of raw freshwater fish in Southeast Asia. [Online]. 

Available from: https://www.fao.org/asiapacific/news/news-detail/

Invasive-disease-and-illness-linked-to-consumption-of-raw-freshwater-

fish-in-Southeast-Asia-/en#:~:text=An%20invasive%20disease%2C%20

known%20as,raise%20awareness%20of%20the%20threat. [Accessed on 

22 June 2021].

[57]�Martins ER, Melo-Cristino J, Ramirez M, Lito L, Monteiro L, Martins 

F, et al. Dominance of serotype 栺a among group B streptococci causing 

invasive infections in nonpregnant adults in Portugal. J Clin Microbiol 

2012; 50(4): 1219-1227. https://doi.org/10.1128/JCM.05488-11.

Publisher’s note
 

  The Publisher of the Journal remains neutral with regard to jurisdictional 

claims in published maps and institutional affiliations.

Edited by Zhang Q, Lei Y, Pan Y


