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Abstract

Streptococcus agalactiae (group B Streptococcus, GBS) remains a major pathogen in neonatal
and adult invasive diseases, while maternal colonization continues to shape prevention
strategies for early-onset disease. This narrative review examines how changes in capsular
serotypes, sequence types (STs), clonal complexes (CCs), and antimicrobial resistance
(AMR) determinants are reshaping the molecular epidemiology of GBS, with emphasis on
South Korea and comparisons across East Asia. Conventional serotyping and multilocus
sequence typing remain useful for lineage definition, whereas whole-genome sequencing
increasingly enables integrated assessment of serotype, clonal background, virulence factors,

'.) and resistance determinants. Major lineages show distinct epidemiologic and resistance
. trajectories. Serotype 11I/CC17 remains strongly associated with neonatal invasive disease
updates and has acquired multidrug resistance in some settings through mobile genetic elements.

In South Korea, serotype 111/CC19 has shifted from ST19 toward ST335, accompanied by
a OPEN ACCESS increasing fluoroquinolone resistance driven by alterations in gyrA and parC. Serotype b/
pISSN : 2288-0585 CC12 has emerged as a high-risk lineage in parts of East Asia, although resistance phenotypes

eISSN - 2288-6850 vary geographically and differ substantially across STs or populations. Serotype VIII/CC1,

Ann Clin Microbiol 2026 Septernber, 293112 particularly ST2, has expanded in South Korea while generally retaining lower resistance to
https://doi.org/10.5145/ACM.2026.29.3.12 several non-beta-lactam agents. Across Korean studies, apparent temporal AMR changes
warrant caution because they may reflect heterogeneity in population composition, sample
collection and laboratory examination. Continued genomic surveillance with standardized
susceptibility testing and comparable sampling helps distinguish true clonal evolution
from surveillance artifacts. The resulting evidence landscape should inform intrapartum
prophylaxis, empirical therapy, and antimicrobial stewardship for neonates, pregnant women,
and adults with invasive GBS disease.
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Streptococcus agalactiae is a facultative anaerobic, catalase-negative pathogen that appears as Gram-
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Mollereau isolated the causative agent from the mammary tissue of cows during a mastitis outbreak and
named it “Streptococcus de la mammite” [1]. In 1896, Karl Bernhard Lehmann and Rudolf Neumann
proposed the scientific name Streptococcus agalactiae, combining the Greek roots “a-” (absence) and
“galaktos” (milk) to signify the absence of milk secretion [2]. In 1933, Rebecca Lancefield analyzed
serological differences in the cell wall carbohydrate antigen “substance C” using rabbit immune sera,
classifying S. agalactiae as Group B and establishing the clinical term “Group B Streptococcus (GBS)” [3].
Beyond humans and cattle, GBS infects a broad range of hosts, highlighting the importance of monitoring
its antimicrobial resistance (AMR) from a One Health perspective [4]. Although clinical GBS isolates show
increasing and diverse antimicrobial resistance worldwide [5], studies have not yet systematically defined
how resistance patterns vary by GBS strain type or patient age. This narrative review summarizes the global
molecular epidemiology of GBS while focusing on recent changes in clonal distribution and antimicrobial

resistance in South Korea, with comparisons to other East Asian countries.

Literature search and selection
We searched PubMed and Google Scholar from March 12 to June 17, 2026 using combinations of

“Streptococcus agalactiae” or “group B Streptococcus” with “molecular epidemiology,” “‘serotype,” ““sequence
type,” “clonal complex,” “whole-genome sequencing,” “antimicrobial resistance,” “South Korea,” and “East
Asia.” We prioritized peer-reviewed human studies reporting epidemiologic, antimicrobial susceptibility,
or genomic data and retained seminal older studies when required for historical or mechanistic context.
Reference lists of relevant articles were additionally screened for eligible studies. Because this was a narrative
review, study selection was intended to provide a representative rather than exhaustive synthesis. We
limited the review to academic literature published in English or Korean. We included studies that provided
relevant clinical data but excluded studies when we could not determine sufficient information about the
patient population. The first author conducted the literature review and prepared the initial manuscript. The
corresponding author verified the accuracy of the cited references and their supporting statements and revised

the manuscript to ensure a coherent overall structure and logical flow.

Global epidemiology

GBS colonizes the intestinal and vaginal microbiomes of women, establishing intermittent, transient, or
persistent rectovaginal colonization [6]. Host immunological vulnerability, combined with environmental
factors, transforms this commensal bacterium into a pathogen that causes life-threatening invasive disease
[7]. Clinically, GBS infections fall into two distinct epidemiological categories: invasive infections in infants
and invasive infections in adults. Neonatal infections are categorized into two groups based on the time of
onset after birth. Early-onset disease (EOD) is defined as a GBS infection occurring within 0-6 days after
birth, whereas late-onset disease (LOD) is defined as an invasive infection occurring between 7 and 89 days
after birth [8]. In non-pregnant adults, GBS acts as an opportunistic pathogen that primarily affects older

adults with immunosenescence or comorbidities such as diabetes, malignancies, chronic kidney disease, and
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cardiovascular disease [9]. Following the nationwide implementation of prenatal screening and intrapartum
antibiotic prophylaxis (IAP), the United States reduced the EOD rate by more than 80%, from 1.7 cases
per 1,000 live births in the earty 1990s to 0.17 in 2022 and 0.18 in 2023 [10]. Conversely, the incidence of
invasive GBS infections in adults increased significantly, from 8.1 cases per 100,000 individuals in 2008 to
10.9 cases per 100,000 individuals in 2016 (P = 0.002) [11]. Reflecting this trend, the incidence of invasive
GBS infections among non-pregnant adults in Belgium more than doubled, from 3.7 to 8.2 cases per 100,000
individuals between 2009 and 2018 [12]. Japan maintains guidelines for universal prenatal GBS screening
and TAP, achieving a very low EOD incidence of 0.10 cases per 1,000 live births [13]. China has an incidence
of invasive GBS disease among infants under 3 months, reaching 0.31 cases per 1,000 live births [14]. In
Southeast Asia, improper preparation of farmed freshwater fish causes GBS infections, even in young,
healthy adults without comorbidities [15,16]. In South Korea, a multicenter retrospective study conducted
at 14 university hospitals between 1996 and 2005 revealed that EOD accounted for only 20.4% of cases,
whereas LOD accounted for the remaining 79.6% [17]. Maternal GBS colonization rates in South Korea
increased from 8.0% in 2008 to 19.8% in 2019 [18,19]. Between 2006 and 2015, 93.2% of 74 adult patients
with invasive GBS infections in South Korea had at least one severe chronic comorbidity [20]. Collectively,
these findings indicate that GBS epidemiology varies according to host population, prevention policies,

geographic setting, exposure patterns, and local clonal composition.

Molecular typing

Molecular epidemiological characterization, particularly serotype and clonal complex (CC) analyses,
elucidates the genetic background that determines GBS disease patterns and tissue invasiveness [21].
Capsular polysaccharide diversity defines 10 distinct GBS serotypes (la, Ib, II, and III-IX), and their
prevalence and distribution are influenced by geographic region, ethnicity, and clinical manifestation [22].
Historically, investigators have used phenotypic assays, such as latex agglutination and enzyme-based
immunoassays, to classify GBS serotypes [23,24]. More recently, genetic analysis of the cps gene locus has
provided a reliable method for serotype classification [25,26]. Multilocus sequence typing, based on seven
housekeeping genes, enables precise strain characterization without ambiguity in GBS epidemiological
studies. By grouping unique sequence types (STs) using phylogenetic and clustering algorithms, this method
delineates the GBS population structure into broader CCs [27]. In this hierarchical framework, CCs represent
the overarching genetic lineages composed of closely related clones, whereas STs represent the individual
STs within each complex [27]. For instance, CC17 includes ST17 as its predominant ST, defining a relatively
homogeneous, hypervirulent lineage that is strongly associated with invasive neonatal infections and capsular
serotype III [27].

Because horizontal gene transfer and clonal expansion drive the dissemination of AMR, combining
traditional phenotypic susceptibility testing with nucleic acid amplification tests enhances resistance
surveillance and facilitates rapid diagnosis [28]. GBS harbors diverse resistance genes that mediate target
modification (pbp, erm, gyr, and par), target protection (tet, msr, and Isa), enzymatic inactivation (Inu and
cat), or active efflux (mef) [29-34]. Although conventional PCR-based assays are limited to detecting
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specific target genes, whole-genome sequencing (WGS) enables comprehensive molecular characterization
by simultaneously analyzing multiple genetic features [35]. In GBS isolates from South Korean women
of childbearing age around the year 2000, the prevalence of tetM in non-multidrug-resistant (non-MDR)
strains significantly decreased from 64.9% to 22.5% (P < 0.001), whereas the prevalence of tetO in MDR
strains significantly increased from 0% to 12.0% (P = 0.019). Notably, both non-MDR and MDR strains
demonstrated substantial increases in levofloxacin resistance associated with gyrA and parC mutations [36].

Hypervirulent CC17 serotype Ill GBS

Strains belonging to serotype III and ST17 constitute a hypervirulent GBS clone responsible for more
than 60% of neonatal meningitis and LOD cases in many surveillance studies [37]. The hypervirulent
GBS adhesin gene (hvgA) and the surface-anchored protein gene sir2 contribute to this high virulence by
promoting blood-brain barrier penetration and meningeal invasion [38]. Recent studies have confirmed that
historically susceptible ST17 serotype I clones have evolved into highly MDR strains through horizontal
gene transfer [39]. These strains acquired a large (~75-kb) integrative and conjugative element, ICESag37,
which stably integrated ermB and tetO into the genome while replacing the pilus island 1 gene cluster and the
insertion sequence ISSag5 [37]. Colonizing CC17 GBS isolates from South Korean women of childbearing
age belonged exclusively to serotype III. Before the 2000s, these strains exhibited resistance only to
tetracycline; subsequently, they acquired resistance to erythromycin and clindamycin [36].

Predominant CC19 serotype Il GBS

Serotype III represents the most prevalent serotype among clinical GBS isolates in South Korea, with
ST19 being the most common ST within this serotype [40,41]. Among colonizing CC19 serotype III GBS
isolates from women of childbearing age, the proportion of ST19 decreased from 85.7% (12/14) during
1994-2000 to 30.6% (11/36) during 20172022, whereas ST335 emerged as the predominant ST, accounting
for 50.0% (18/36) of isolates [36]. The overall proportion of colonizing CC19 serotype III GBS isolates
among South Korean women of childbearing age significantly decreased from a peak of 37.8% during
1994-2000 to 17.2% during 2017-2022 (P = 0.004) [36]. Although ST19 serotype III strains maintained
resistance to erythromycin, clindamyein, tetracycline, and chloramphenicol, their levofloxacin resistance rate
significantly increased from 0% to 63.6% [36]. AMR profiles of this GBS lineage vary across East Asian
countries and among specific STs. From September to December 2011, ST19 serotype III accounted for
80.0% of clinically isolated levofloxacin-resistant GBS strains across eight Chinese cities [42]. In contrast,
prenatal screening conducted between 2017 and 2021 identified 12 CC19 serotype III isolates (10 ST335
and 2 ST27) that exhibited no levofloxacin resistance in Japan [43]. In South Korea, clinical ST19 serotype
IIT GBS strains isolated between 2010 and 2011 carried [nuB and IsaF, displaying a unique phenotype of
clindamycin resistance combined with erythromycin susceptibility [44].
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Emergent CC12 serotype Ib GBS

Although historical data have identified ST17 serotype III as the primary hypervirulent lineage causing
neonatal invasive disease, the ST12/CC12 serotype Ib lineage has rapidly emerged across East and Southeast
Asia as a high-risk lineage [45,46]. In Taiwan, CC12 serotype Ib strains accounted for only 7.4% of neonatal
invasive isolates collected between 2003 and 2020, yet caused complicated sepsis in 71.4% of cases and
were associated with a sepsis-related mortality rate of 42.9%, as well as 100% resistance to erythromycin
and clindamycin [45]. Among the 15 CC12 serotype Ib GBS isolates collected from pediatric patients at
a university hospital in Shanghai between 2009 and 2020, 13 (86.7%) were associated with bloodstream
infections, and the mortality rate among these 13 patients was 30.8% (4/13) [46]. In South Korea, the
proportion of colonizing CC12 serotype Ib GBS isolates among women of childbearing age significantly
declined from 27.0% during 1994-2000 to 13.4% during 2017-2022 (P = 0.034) [36]. However, the single
ST12 serotype Ib isolate identified during 1994-2000 exhibited resistance only to tetracycline, whereas all
three isolates identified during 20172022 were MDR, exhibiting resistance to erythromycin, clindamycin,
and tetracycline [36].

Pervasive CC1 serotype VIII GBS

Serotype VIII GBS gained clinical attention after it was identified in 35.6% (26/73) of vaginal GBS
isolates from pregnant women in Japan between 1992 and 1994 [47]. South Korea mirrors this trend, with
serotype VIII accounting for 20.0% of colonizing GBS isolates from pregnant women between 2017 and
2019 [19]. The proportion of serotype VIII among colonizing GBS isolates from women of childbearing
age significantly increased from 2.7% during 1994-2000 to 15.3% during 2017-2022 (P = 0.037), with the
predominant ST within CC1 shifting from ST1 to ST2 [36]. Although ST2 accounted for 87.8% (36/41) of
sepsis cases caused by serotype VIII GBS, these strains maintained low resistance rates (below 20.0%) to
erythromycin, clindamycin, and levofloxacin [48]. Colonizing serotype VIII/ST2 GBS isolates from women
of childbearing age consistently exhibited a similarly low resistance profile [36].

Shifting AMR profiles

GBS causes a wide spectrum of clinical infections. Maternal colonization is a major focus of prevention
because of its association with neonatal EOD, while invasive GBS disease among non-pregnant and older
adults represents an increasingly important clinical burden. In South Korea, longitudinal surveillance of
AMR profiles among these colonizing isolates has revealed dynamic temporal changes [36]. Specifically,
tetracycline resistance has recently shown a slight decline after remaining at consistently high levels, whereas
erythromycin resistance has continued to fluctuate. Clindamycin resistance, which had previously shown a
declining trend, has recently resurged [18,19,36,49]. Recent advances in WGS have enabled comprehensive
investigations into the correlation between resistance phenotypes and their underlying genotypic profiles,

revealing substantial evolutionary shifts in resistance determinants among South Korean GBS strains [35,36].
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Reference D Ahn,etal(36] | | Lee, etal[18] | | Choi etal[19]

Genotypically, the prevalence of the tetracycline resistance gene tetM has decreased in South Korean studies,
whereas that of tetO has increased sharply. Similarly, although the macrolide-lincosamide-streptogramin
B resistance gene ermB showed no significant change, the prevalence of ermT increased [36]. In clinical
practice, tetracycline is contraindicated during pregnancy, and penicillin-class antibiotics remain the first-
line agents for IAP. For GBS-positive patients with a high risk of anaphylaxis to penicillin, clindamycin is an
option only when the isolate is susceptible; susceptibility testing is therefore essential for selecting appropriate
IAP [6,50]. Therefore, the recent increase in ermT-mediated clindamycin resistance among South Korean
isolates warrants close clinical vigilance. Furthermore, the increasing colonization of levofloxacin-resistant
GBS in South Korea underscores a concerning trend in which resistant strains may be selected under
antimicrobial pressure [36]. Antimicrobial exposure may contribute to the selection and expansion of resistant
GBS lineages; however, current surveillance data do not establish that antimicrobial selection caused the
observed increase in GBS colonization. Changes in screening practices, specimen collection, culture methods,
referral patterns, and population characteristics may also have contributed. In addition, advances in diagnostic
technologies may have contributed to the observed increase in GBS colonization among South Korean
women. Across Korean studies, AMR estimates varied substantially according to the study population and
laboratory methodology (Fig. 1). Despite this heterogeneity, fluoroquinolone resistance and gyrA/parC
alterations appear more prominent in recent datasets, whereas tetracycline- and macrolide/lincosamide-
resistance determinants show lineage-specific redistribution. These cross-study comparisons should be

interpreted descriptively rather than as a continuous national time trend.

Bae, et al.[49]
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Fig. 1. Antimicrobial resistance (AMR) profiles and associated genes of group B Streptococcus (GBS) isolated from South Korean women of
childbearing age and pregnant women. The x-axis shows the reference studies included in the analysis and the corresponding bacterial isolate
collection periods. Each column uses a distinct border to distinguish individual studies and is positioned at the midpoint of the isolate collection
period for that study. Column heights represent phenotypic antimicrobial resistance rates (left y-axis). Distinct geometric symbols represent the
proportions of isolates carrying AMR genes or resistance-associated mutations among GBS isolates resistant to the corresponding antimicrobial
agent in each study (right y-axis). Estimates were derived from independent studies with heterogeneous populations, sampling strategies, and
laboratory methods and therefore should not be interpreted as a continuous longitudinal national trend.
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Conclusion

Selective pressures and horizontal gene transfer may contribute to the dissemination of MDR across
distinct GBS lineages, posing a major challenge to standard clinical management. The genomic integration of
mobile genetic elements, such as ICESag37 in hypervirulent CC17 serotype III clones, incorporates the ermB
and tetO genes, stabilizing resistance phenotypes. Recent epidemiological data from South Korea revealed a
dramatic increase in fluoroquinolone resistance. The predominant CC19 serotype III lineage showed a clear
genotypic shift from ST19 to ST335, accompanied by a sharp increase in levofloxacin resistance mediated
by gyrA and parC mutations. Serotype Ib/CC12 has emerged as a clinically important lineage in East Asia,
but its AMR phenotype varies geographically and among STs. Taiwanese neonatal ST12/CC12 isolates
showed uniformly high resistance to erythromycin and clindamycin [45], whereas fluoroquinolone resistance
reported in South Korean adult serotype Ib isolates involved other STs [20]. The rapidly expanding serotype
VIII/ST2/CC1 clone among South Korean adults maintains comparatively lower resistance rates to several
non-beta-lactam agents, distinguishing it from other MDR lineages. These shifting AMR profiles and the
emergence of specific MDR clones threaten the efficacy of empirical therapy. Effective mitigation of this

evolving resistance landscape requires ongoing molecular surveillance and targeted antibiotic stewardship.
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