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Abstract

Background Group B Streptococcus (GBS) causes invasive infections in newborns and elderly individuals, but

is a noninvasive commensal bacterium in most immunocompetent people. Recently, the incidence of invasive
GBS infections has increased worldwide, and there is growing interest in the molecular genetic characteristics of
invasive GBS strains. Vaccines against GBS are expected in the near future. Here, we aimed to analyze the molecular
epidemiology of GBS according to the invasiveness in South Korea.

Methods We analyzed GBS isolates collected and stored in two hospitals in South Korea between January 2015 and
December 2020. The invasiveness of these isolates was determined via a retrospective review of clinical episodes.
Totally, 120 GBS isolates from 55 children and 65 adults were analyzed. Serotype and sequence type (ST) were
determined using multiplex polymerase chain reaction (PCR) and multilocus sequence typing, respectively. Fourteen
virulence factor-encoding genes of GBS were analyzed using multiplex PCR.

Results Forty one (34.2%) were invasive infection-related GBS isolates (iGBS). The most frequently detected serotype
was Il (39/120, 32.5%), and it accounted for a high proportion of iGBS (21/41, 51.2%). The most frequent ST was ST19
(18/120, 15.0%), followed by ST2 (17/120, 14.2%). Serotype Ill/ST17 was predominant in iGBS (12/41, 29.3%), and all

17 ST2 strains were noninvasive. The distribution of most of the investigated virulence factors was not significantly
related to invasiveness; noteworthily, most of the serotype Ill/ST17 iGBS carried pilus island (PI) 2b (10/12, 83.3%), and
the prevalence of fbsB was significantly low compared with noninvasive GBS isolates (P=0.004). Characteristically, the
combination of bca(+)-cspA(+)-pavA(+)-fbsB(-)-rib(+)-bac(-) was predominant in iGBS (24.4%, 10/41).

Conclusions Serotype IIl/ST17 GBS carrying PI-2b was frequently detected in iGBS. There was no significant
association between invasiveness and the pattern of virulence factors; however, a specific combination of virulence
factors was predominant in iGBS.
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Background

Streptococcus agalactiae (group B streptococcus, GBS) is
the leading cause of invasive infections in neonates [1]
and opportunistic infections in adults [2]. Invasive dis-
eases associated with GBS infection include bacteremia,
meningitis, endocarditis, osteoarticular infections, and
pneumonia. In South Korea, GBS is the most common
bacterial pathogen causing invasive infections in infants
aged less than 3 months [3]. In addition to invasive infec-
tions, GBS can colonize the genitourinary and gastro-
intestinal tracts of healthy adults and pregnant women
under non-invasive conditions [4, 5].

The estimated global incidence of neonatal GBS infec-
tion including GBS associated preterm birth and stillbirth
is 0.49 per 1000 individuals [6]. Recently, the incidence of
GBS infections has increased in older adults worldwide
[7, 8]. Furthermore, a marked increase in the incidence of
GBS infections has been reported in elderly patients with
diabetes mellitus and cancer, and those undergoing renal
dialysis [9]. The reason of the increase in these cases in
not fully understood. Some experts suggested that this
increase may be associated with the aging population
or changing characteristics of GBS such as serotypes
[10, 11]. Several preventive efforts such as GBS screen-
ing in pregnancy and intrapartum antibiotic prophy-
laxis have been adopted. These strategies have markedly
decreased early-onset GBS (EOGBS) infections in neo-
nates; however, they have negligible effect on late-onset
GBS (LOGBS) infections. In this context, administration
of vaccines against GBS is considered an effective preven-
tive method. Although vaccines against GBS have not yet
been commercialized, several polysaccharide capsule-
based vaccines for pregnant women are expected in the
near future [12]. Classically, GBS was classified into 10
serotypes by surface capsular polysaccharides, and that
have been studied for the main target of GBS vaccines.
Molecular genetic research on GBS has proposed various
virulence factors such as pilus island (PI) alleles and sur-
face alpha-like proteins as targets of GBS vaccines [13].

Considering the gradually increasing trend of inva-
sive infections and the development of vaccines against
GBS, it is important to monitor the changes in molecu-
lar genetic characteristics of GBS. In this study, we aimed
to analyze the molecular epidemiology of GBS in South
Korea according to the invasiveness, focusing on viru-
lence factors.

Methods

Study population and specimens

From January 2015 to December 2020, a total of 120
GBS isolates were analyzed. The isolates were collected
from Seoul National University Bundang Hospital (30
isolates) and Jeju National University Hospital (90 iso-
lates) in Korea and stored at -70 °C via a hospital-wide
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surveillance system. The samples were obtained from 55
(45.8%) children and 65 (54.2%) adults. GBS strains were
isolated from blood (n=29), cerebrospinal fluid (n=11),
tracheal aspirate (n=8), urine (n=43), vaginal discharge
(n=24), and wound samples (n=4). We determined
the invasiveness of GBS through a retrospective medi-
cal chart review. Invasive infection-related GBS isolates
(iGBS) were identified based on sterile isolation sites and
proper invasive clinical episodes.

Analysis of GBS isolates

GBS isolates were identified, and antimicrobial suscep-
tibility tests were performed using an automated micro-
biology system, Vitek II ID-GPC (bioMérieux, Durham,
NC, USA). Automated susceptibility test results were
obtained for penicillin, clindamycin, erythromycin, and
ciprofloxacin. DNA from GBS isolates was purified using
the Solg™ Genomic DNA Prep Kit (Solgent, Daejeon,
South Korea), according to the manufacturer’s protocol.
GBS serotypes were determined using modified multiplex
PCR assays based on the analysis of unique band patterns
[14]. Total 20uL PCR mixture using 1.6uL of template
DNA with primers [14]. The samples were amplified by a
denaturation step for 5 min at 95°C, followed by 25 cycles
of 95°C for 30s, 53°C for 30s, and 72 for 1 min and a final
cycle of 72°C for 10 min. The PCR products were ana-
lyzed by electrophoresis in 1.5% agarose gel. Multilocus
sequence typing (MLST) was performed by sequencing
seven housekeeping genes (adh, pheS, atr, glnA, sdhA,
glcK, and tkt) using Sanger sequencing. Sequencing reac-
tions were performed in the DNA Engine Tetrad 2 Pel-
tier Thermal Cycler (Bio-Rad, Hercules, CA, USA) using
the ABI BigDye® Terminator v3.1 Cycle Sequencing kit
(Applied Biosystems, Waltham, MA, USA) in Macrogen
Corporation (Seoul, Korea). Specific primers for these
genes were available in Streptococcus agalactiae MLST
database (https://pubmlst.org/sagalactiae). And num-
ber of matched alleles of each of the seven housekeep-
ing genes was used to determine the sequence type (ST).
The STs were clustered into a clonal complex (CC) using
the goeBURST PHYLOViZ program (https://phyloviz.
readthedocs.io/en/latest/index.html), and phylogenetic
relationships were represented in a diagram according to
the invasiveness at single locus variant levels.

After screening researches focusing virulence factor-
encoding genes of GBS, the following 14 genes were
selected and analyzed: fbsA, fbsB, psvA, Imp, scpB, bac,
bea, ¢fb, cspA, cylE, hylB, rib, pbplA/ponA, and pilus-
related genes. We divided these genes into four sets for
multiplex PCR according to base pair size (Table 1). The
amplification conditions were similar to those of a previ-
ous study [15], with some modifications such as changes
of reaction cycles or temperature. A reaction mixture of
total volume 20 pL was prepared by mixing 10 pL of 2x
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Table 1 Primers used to amplify virulence factor-encoding genes of GBS

Virulence factor-encoding gene Sequence (5" to 3')

Amplicon size (bp)

Set A

CSpA F: CTGCTAAAGCACACCTAAAC, R: ATCAGTAGTGGTTCCTTTCC 971
pavA F: TACTACCAAGAGAAGGCTGA, R: GGAGAGACGAGCTTTAGAGT 729
cylE F: GTACATTAGGTGCCTTTGG, R: TACTCAGCCTTTCTCCATC 564
hylB F: CTATGCTGACGGTTCTTAC, R: AGGTCTAAGTTTCGCTCTT 323
Imb F: TCAGTTAGTTGCTCTGCTTC, R: CTTTATGACCCACATACCTG 152
Set B

fbsB F: CACTCGATAACACTGTGGAT, R: CTGGAACTGTTTCTGTCTTG 936
scpB F: ACAACGGAAGGCGCTACTGTTC, R: ACCTGGTGTTTGACCTGAACTA 255
bca F: TAACAGTTATGATACTTCACAGAC, R: ACGACTTTCTTCCGTCCACTTAGG 535
Set C

pbp1A/ponA F: AGGGGTAGTAGCATTACCAT, R: CAACTATATGACTGGGATCG 939
bac F: CTCCAAGCTCTCACTCATAG, R: GAAACATCTGCCACTGATAC 750
cfb F: GGATTCAACTGAACTCCAAC, R: GACAACTCCACAAGTGGTAA 600
rib F: GGGGTTACACAAGGTAATCT, R: TCCACTTAGGATCGTTTG 425
fbsA F: AACCGCAGCGACTTGTTA, R: AAACAAGAGCCAAGTAGGTC 278
Set D (pilus site)

PI-1 F: GGTCGTCGATGCTCTGGATTC, R: GTTGCCCAGTAACAGCTTCTCC 881
Pl-2a F: CTATGACACTAATGGTAGAAC, R: CACCTGCAATAGACATCATAG 575
PI-2b F: ACACGACTATGCCTCCTCATG, R: TCTCCTACTGGAATAATGACAG 721

GBS group B Streptococcus, Pl pilus island

Table 2 Age distribution of patients in whom GBS was detected
according to invasiveness

Age (years) Total Invasive infection Noninvasive infection

N (%) N (%) N (%)
0-0.3 45 (37.5) 33(80.5) 12(15.2)
0.3-9 9(7.5) 4(9.8) 5(6.3)
10-19 1(0.8) 0 1(1.3)
20-29 1(0.8) 0 1(1.3)
30-39 24(20.00 0 24 (304)
40-49 9(7.5) 0 9(11.4)
50-59 4(3.3) 0 4(5.1)
60-69 3(25) 1(24) 2(25)
70-79 9(7.5) 1(24) 8(10.1)
80-89 12(100) 1(4) 11(13.9)
90-99 3(25) 1(24) 2(25)
Total 120 41 79

GBS group B Streptococcus

Taq Master Mix, 1 L of template DNA, 0.5 pL of each
primer, and 8 pL of distilled water. Initial denaturation at
95 °C for 5 min was followed by 38 cycles of amplifica-
tion at 94 °C for 30 s, annealing at speci fic temperatures
(47 °C for set A, 45 °C for set B, 47 °C for set C, and 52 °C
for set D) for 30 s, and a final extension step at 72 °C for
30 s (1 min for set D). The amplified PCR products were
visualized on 1.5% agarose gels. The phylogenetic tree
was represented using UPGMA algorithm and the dis-
tance was expressed as Hamming distance. This tree was
combined with the invasiveness and the combination of 6
virulence factors which were detected less than 95.0% of
GBS isolates.

Statistical analyses

All data analyses were performed using software R ver-
sion 3.6.2. (R Foundation for Statistical Computing,
Vienna, Austria). Categorical variables are expressed as
percentage; they were analyzed using the Chi-square test.
Continuous variables are expressed as meanzstandard
deviation. Results with P<0.05 were considered statisti-
cally significant.

Results

In this study, the mean age (+standard deviation) of the
participants who had GBS isolates was 31.12+32.24
years. Most GBS isolates were obtained from children,
pregnant women in their 30s, and elderly individuals
in their 80s (Table 2). Among the 120 GBS isolates, 41
(34.2%) were classified to be iGBS, which mostly infected
children (37/41, 90.2%). The mean age of the 37 chil-
dren who had iGBS infection was 0.25+0.72 years, and
5 (13.5%) of them were categorized as having EOGBS
infections.

All 120 GBS isolates were susceptible to penicillin. The
resistance rates were 45.0% (54/120) for clindamycin,
49.6% (58/117) for erythromycin, and 29.3% (34/116) for
ciprofloxacin, relatively. The difference in antibiotic sus-
ceptibility according to invasiveness was not significant.
Among all isolates, the most frequent capsular sero-
types were III (39/120, 32.5%), V (20/120, 16.7%), and
VIII (20/120, 16.7%) (Table 3). Serotype III accounted
for the highest proportion of iGBS (21/41, 51.2%), and
the majority of GBS strains causing meningitis were
serotype III (8/11, 72.7%). The proportions of serotypes
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Table 3 GBS serotypes according to invasiveness and isolated specimens
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Serotype Total isolates Invasive infection Noninvasive infection
N (%) Specimen (N) N (%) Specimen (N)
la 7(5.8) 5(12.2) B4),C(1) 2(2.5) Urine (2)
Ib 10(8.3) 249 B (2 8(10.1) T(1),UB),VQ),W(Q)
Il 6 (5.0) 0(0.0) 6 (7.6) TM,UQ,VEG)
Il 39 (32.5) 21(51.2) B(13),C(8) 18(22.8) U (10),V (7), W (1)
vV 4(3.3) 498 B(3),J(1) 0(0.0)
v 20(16.7) 5(12.2) B4),C(1) 15(19.0) U@13),v(Q)
VI 9(7.5) 3(7.3) B(2),C() 6 (7.6) TQ,U@),VQ
VIl 20(16.7) 0(0.0) 20 (25.3) T(3),U(8),V(8),WI(1)
NT 5 1 4
Total 120 41 79
N, number; NT, nontypable serotype; B, blood; C, cerebrospinal fluid; J, joint aspirates; T, tracheal aspirates; U, urine; V, vaginal fluid; W, wound
Table 4 Association between serotypes and sequence types
CC/sT N (%) Serotype
la b ] [} \'] Vv Vi Vil NT
(€@ 31(25.8) 0 0 2 2 0 4 3 18 2
ST 1 0 0 1 2 0 4 3 1 0
ST2 17 0 0 0 0 0 0 0 15 2
STe76 3 0 0 1 0 0 0 0 2 0
cc12 25(20.8) 0 9 2 3 0 3 5 1 2
ST8 1 0 0 1 0 0 0 0 0 0
ST10 14 0 3 0 0 2 2 5 1 1
ST12 5 0 2 1 0 1 1 0 0 0
STe54 5 0 4 0 0 0 0 0 0 1
ccry 18(15.0) 0 0 0 18 0 0 0 0 0
ST19 16 0 0 0 16 0 0 0 0 0
ST27 2 0 0 0 2 0 0 0 0 0
cc19 28(23.3) 0 0 0 18 0 8 1 0 1
ST19 18 0 0 0 10 0 7 0 0 1
ST27 3 0 0 0 2 0 0 1 0 0
ST335 5 0 0 0 5 0 0 0 0 0
ST861 1 0 0 0 1 0 0 0 0 0
ST1369 1 0 0 0 0 0 1 0 0 0
CC23(ST23) 7(5.8) 2 1 2 0 0 3 0 0 0
cc24 7(5 5 0 1 0 0 1 0 0 0
ST24 3 3 0 0 0 0 0 0 0 0
ST452 1 1 0 0 0 0 0 0 0 0
ST890 3 1 0 1 0 0 1 0 0 0
CC26 (ST26) 100.8) 0 0 0 0 0 1 0 0 0

CC, clonal complex; ST, sequence type; NT, nontypable

Ia and IV were as low as 5.8% (7/120) and 3.3% (4/120),
respectively. However, these two serotypes mainly caused
invasive infections, with serotype la accounting for 71.4%
(5/7) and serotype IV for 100% (4/4). All of the 20 sero-
type VIII isolates were noninvasive.

In total, 19 STs were identified and grouped into seven
CCs. Distributions of STs according to serotypes were
shown in Table 4. The most common STs were ST19
(18/120, 15.0%), ST2 (17/120, 14.2%), ST17 (16/120,
13.3%), and ST10 (14/120, 11.7%). The phylogenetic

relationships and the proportion of iGBS of each ST are
illustrated in Fig. 1. All ST2 (n=17) isolates were nonin-
vasive and most ST19 isolates (15/18, 83.3%) were nonin-
vasive. Among iGBS, ST17 was the most common (12/41,
29.3%), followed by ST10 (6/18, 14.6%). All ST17 (n=12)
iGBS strains were serotype III and all ST24 (n=3) iGBS
strains were serotype Ia (Table 5).

The four patterns of PIs and their distribution accord-
ing to serotype and invasiveness are shown in Table 6. All
120 GBS isolates harbored either PI-2a (70.8%, 85/120)
or PI-2b (29.2%, 35/120), and PI-1 was detected in 58.3%
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Fig. 1 Phylogenetic diagram of GBS isolates according to invasiveness. Phylogenetic relationships were identified using goeBURST analyses at single
locus variant levels. Numbers represent sequence types (STs) based on the multilocus sequence typing (MLST) analysis. Invasiveness is represented by

color: red, noninvasive GBS isolates; blue, invasive GBS isolates

of isolates (70/120). The combination of PI-1 and PI-2a
was the most frequently detected (53/120, 44.2%). The
GBS isolates carrying PI-1 (regardless of the presence of
PI-2) were more prevalent in the nGBS group (P=0.034).
Among iGBS carrying PI-2b (regardless of PI-1 status),
90.9% (10/11) were serotype III/ST17. A combination of
PI-1 and PI-2b was detected in nGBS (88.2%, 15/17) and
serotype VIII (82.4%, 14/17). The pattern of PIs was not
related to the isolated sites.

Five virulence factor-encoding genes (cylE, hylB, lmb,
scpB, and fbsA) were detected in all 120 GBS isolates. The
distribution of other virulence factor-encoding genes was
as follows: ¢fb (119/120, 99.2%), pbplA/ponA (118/120,

98.3%), bca (112/120, 93.3%), cspA (98/120, 81.7%), pavA
(97/120, 80.8%), fbsB (78/120, 65.0%), rib (61/120, 50.8%),
and bac (26/120, 21.7%) (Fig. 2). The prevalence of fbsB
was significantly lower (P=0.004) in iGBS compared with
nGBS. And the prevalence of rib was relatively high in
iGBS (58.5% compared with 46.8% in nGBS), however
the difference was not significant (P=0.306). The follow-
ing combination of six virulence factors, excluding those
commonly present in both iGBS and nGBS, was predom-
inant in iGBS (10/41): the bca(+)-cspA(+)-pavA(+)-fbsB(-
)-rib(+)-bac(-) (Fig. 3). Characteristically, all three ST24
isolates caused invasive infections and had the same viru-
lence factor patterns as described above.
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Table 5 Sequence types and serotypes of invasive GBS isolates

Sequence type (ST) Number (%) Serotypes (number)

ST1 2(49) I, v

ST10 6 (14.6) IV (2),V (1), VI (2),NT (1)
ST12 2(4.9) Ib (1), V(1)
ST17 12(29.3) 11(12)

ST19 3(73) 1n@a)

ST23 3(7.3) la (1), 1b(1),V()
ST24 3(7.3) la (3)

ST27 3(7.3) I11(2), VI (1)
ST188 1(24) (1)

ST335 2(4.9) 11(2)

ST890 2(49) la(1),V()
ST1369 124) V(1)

New 1(24) IV (1)

GBS group B Streptococcus

Table 6 Distribution of pilus island according to the invasiveness
and serotypes

PI-1/PI-2a PI-1/PI-2b Pl-2a Pl-2b
iGBS 16 (30.2%) 2(11.8%) 14 (43.8%) 9 (50%)
Blood (29) 13 2 8 6
CSF(171) 3 0 5 3
nGBS 37 (69.8%) 15 (88.2%) 18 (56.2%) 9 (50%)
Vagina (24) 10 6 5 3
Urine (43) 21 6 1 5
Trachea (8) 4 2 1 1
Wound (4) 2 1 1 0
Serotype
la 1 0 5 1
b 5 0 4 1
I 3 0 3 0
Il 20 2 4 13
[\ 1 0 2 1
\% 13 0 7 0
Vi 5 0 4 0
VIl 2 14 2 2
NT 3 1 1 0
Total 53 17 32 18

PI, pilus island; iGBS, invasive GBS isolates; nGBS, noninvasive GBS isolates; CSF,
cerebral spinal fluid; NT, nontypable serotype

Discussion

This study revealed several specific molecular charac-
teristics of iGBS in South Korea. Among iGBS, serotype
IIT was the most common (51.2%), and all of the 20 sero-
type VIII isolates were nGBS. Among the three preva-
lent STs (ST19, ST2, and ST17), most ST19 (83.3%) and
ST2 (100%) isolates were nGBS. Serotype III/ST17 was
the main iGBS strain, and it was found to have PI-2b
regardless of PI-1 status (10/12, 83.3%). There were no
significant differences of the distribution of the ana-
lyzed virulence factor-encoding genes according to
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invasiveness; however, a specific combination of viru-
lence factor-encoding genes was predominant in iGBS.

Maternal GBS colonization is a major determinant
of EOGBS infections in neonates. European stud-
ies have shown similarity in serotype distribution
between maternal colonized GBS and iGBS, and this
finding indicates that EOGBS infection is caused by
GBS transmission from mother to newborn [16, 17].
In this study, serotype VIII (8/24, 33.3%) and serotype
III (7/24, 29.2%) were the main serotypes of GBS iso-
lated from vaginal discharge. The recent serologic data
of GBS among pregnant South Korean women showed
that the most common serotypes were V (22.7%) and
VIII (20.0%) [18, 19]. However, globally, the frequently
distributed serotypes of maternal colonized GBS are
I (TIa/Ib), III, and V [5]. In South Korea, the incidence
of LOGBS was relatively high compared to the global
average [20, 21]. A similar trend of a higher incidence
of LOGBS infection was observed in the present study
(LOGBS/EOGBS=5.4). The relatively low prevalence
of EOGBS infection in South Korea may be attributed
to the high incidence of serotype VIII in isolates from
vaginal discharge, which is not highly associated with
iGBS infection. This epidemiology is not fully under-
stood, and further study for serotype VIII GBS is
needed to be verified.

In this study, the distribution of serotypes and STs
between the iGBS and nGBS groups differed signifi-
cantly. The serotype III/ST17 strain was the most prev-
alent in iGBS, whereas the serotype VIII/ST2 strain was
the most common in nGBS. These results are similar to
the distribution of iGBS serotypes with predominant
serotype III followed by Ia, Ib, II, and V in other coun-
tries [16, 22].

Pili are cell-wall-anchored appendages on GBS cell sur-
face; they play an important role in bacterial attachment
to epithelial cells. Three pilus types have been identified
in GBS, and all GBS strains have the at least one PI vari-
ant [23]. The most frequently detected PI combination
is PI-1 and PI-2a [24-26], consistent with the results of
this study. Hypervirulent ST17 GBS isolates are known to
contain the combination of PI-1 and PI-2b, and this com-
bination is rare among other STs [27]. The role of PI-2b
in mediating the interaction between GBS and host cell is
well known, especially in ST17 GBS [28]. We found a dis-
tinctive pattern where PI-2b without PI-1 was dominant
in serotype III iGBS. Additionally, several PI-1 and PI-2b
combinations were identified in serotype VIII nGBS
(Table 6).

The laminin-binding protein encoded by /mb medi-
ates the attachment of GBS to human laminin, and
this attachment is crucial for colonization [29].
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Fig. 2 Proportion of virulence factor-encoding genes according to invasiveness. Five virulence factor-encoding genes found in all GBS isolates were
excluded. iGBS, invasive GBS isolates; NGBS, noninvasive GBS isolates. *P < 0.005

Fibrinogen-binding protein A (encoded by fbsA) and
Cb5a peptidase (encoded by scpB) help bacteria bind to
epithelial cells and fibronectin, respectively. Almost
all GBS isolates from humans harbor these virulence
factors, which were detected in all GBS isolates in this
study. Fibrinogen-binding protein B (fbsB), along with
fbsA, was detected in CC17 GBS strains, and the high
fibrinogen-binding ability may contribute the invasive-
ness of GBS in neonates [30]. However, fbsB was rather
less frequently detected in iGBS (Fig. 2) and fbsB was
mostly detected in non-CC17 strains in this study.
Although research on various components of GBS is
limited, rib proteins (encoded by rib) and C proteins
(encoded by bac and bca) have been considered as
vaccine candidates, in addition to capsular polysac-
charides and pili [31, 32]. This study revealed differ-
ences in the prevalence of these three virulence factors
between the iGBS and nGBS groups, with various
combinations exhibiting no specific trends. However,
the combination of bca(+)-cspA(+)-pavA(+)-fbsB(-
)-rib(+)-bac(-) was predominant in the iGBS group.
Notably, all ST24 serotype Ia iGBS strains exhibited

identical virulence patterns. A Spanish study from the
early 2000s reported that the ST24/bca sublineage of
serotype la might emerge as an important cause of
neonatal invasive infections, despite its limited preva-
lence [33]. This strain may have maintained consistent
genotypic pattern unaffected by geographical and tem-
poral variations.

This study had several limitations. Despite collect-
ing isolates over five years from the two hospitals, the
number of GBS was relatively small. The hospital sur-
veillance systems were passive surveillance systems,
and there were fewer isolates in the early stage, leading
to a lack of consistency. Furthermore, the majority of
the invasive strains were from children, and the num-
ber of iGBS in adults was limited. GBS strains have
multiple virulence factors, and not all were included
in the study. However, analyzing the molecular charac-
teristics of GBS through a comprehensive comparison
between iGBS and nGBS offers valuable insights, and
to the best of our knowledge, this is the first study to
focus on pili and various virulence factors of GBS in
South Korea.



Choi et al. BMC Infectious Diseases (2024) 24:740

| | | | |
| 1 1 1 1
2,03 1.52 102 0.51 0.00

— |
 ——
I
— |
 —
— |
— |
| —
—
T
| 1(1)
_:— 3(0)
 —
I
I
I
—
—
| —
— |
| —

Page 8 of 9

N (iGBS) Combination of virulence factors®
19 (4) bea(+)-cspA(+)-pavA(+)-fbsB(+)-rib(+)-bac(-)
27(3) bea(+)-cspA(+)-pavA(+)-fbsB(+)-rib(-)-bac(-)

19 (7)
1@
12 (10)
11(5)
11
603)
2
1)
1(0)
1(0)

bea(+)-cspA(+)-pavA(+)fbsB(+)-rib(+)-bac(+)

bea(+)-cspA(+)-pavA(+)-fbsB(-)-rib(+)-bac(-)
bea(+)-cspA(+)-pavA(+)-fbsB(-)-rib(-)-bac(-)

bea(+)-cspA(-)-pavA(-)-fBsB(-)-rib(-)-bac(-)
bea(+)-cspA(+)-pavA(-)-fbsB(-)+ib(-)-bac(-)

bea(+)-cspA(-)-pavA(-)-BsB(+)-rib(+)-bac(+)
1O
O]
INe)]
2(0)
1(0)
150
3(0)
4
1O

bea(-)-cspA(+)-pavA(+)-BsB(+)-1ib(-)-bac(-)

bea(-)-cspA(-)-pavA(-)BsB(-)+ib(-)-bac(-)
bea(-)-cspA(-)-pavA(-)fbsB(+)-rib(-)-bac(-)

Fig. 3 Phylogenetic tree of GBS isolates according to the combination of virulence factors. Among 13 virulence factors, 6 virulence factors whose detec-
tion rate was less than 95.0% were selected to represent only the significant factors. Combinations of virulence factors with two or fewer isolates were
omitted and represented as blank columns. The tree was constructed using the UPGMA algorithm and the distance is expressed as Hamming distance.
The red area indicates the proportion of NGBS and the blue area indicates that of iGBS. UPGMA, unweighted pair group method with arithmetic mean;

iGBS, invasive GBS isolates; NGBS, noninvasive GBS isolates

Conclusions

The distribution of serotypes and STs according to
invasiveness determined in the present study was simi-
lar to that in previous research. The distribution of
the PI-1 and PI-2b combination according to serotype
was unique, and a specific combination of virulence
factors was found. The technical development of sev-
eral capsular polysaccharide-based GBS vaccines has
been completed, and GBS vaccines may soon be com-
mercialized in South Korea. In this milieu, monitoring
GBS molecular characteristics in various populations
and isolates before and after vaccine implementation
is crucial.
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