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ABSTRACT

Aims: Maternal vaginal Group B Streptococcus (GBS) colonization is considered a risk factor for preterm delivery and,
consequently, neonatal infections. Previous studies have portrayed the important roles of these virulence factors,
including hemolytic pigment, hyaluronidase (HylB), serine-rich protein (Srr) and bacterial surface adhesion of GBS
(BsaB) in mediating GBS colonization and intrauterine ascending infection, causing preterm delivery. This study aimed
to investigate the association between mRNA expression of virulence genes in GBS isolates obtained from symptomatic
pregnant women and preterm delivery.

Methodology and results: GBS isolates were obtained from high vaginal swabs of 40 symptomatic pregnant women of
gestational age of less than 37 weeks. RNA was extracted from these GBS isolates and RT-gPCR was performed to
determine the relative mRNA expression of GBS virulence genes, including CylE (encode enzyme required for the
biosynthesis of the hemolytic pigment), Hy/B, Srr-1 and BsaB. Socio-demographic details and obstetric history were not
found to be associated with the delivery outcomes of these women. The GBS isolates from symptomatic pregnant
women who delivered prematurely showed a higher expression of CylE gene and a trend towards an elevated
expression of HylB gene compared to women with term delivery. Meanwhile the expression of both Srr-7 and BsaB
genes was similar between symptomatic pregnant women who had term or preterm delivery.

Conclusion, significance and impact of study: The results suggest that following vaginal colonization, both Cy/E and
HyIB genes are likely to contribute to intrauterine ascending infection and inflammation, leading to preterm delivery in
humans. These virulence factors may be targeted for the pre-clinical stages of vaccine development or therapeutic
intervention.

Keywords: Group B Streptococcus, vaginal colonization, ascending intrauterine infection, preterm delivery

INTRODUCTION

The GBS are B-hemolytic Gram-positive bacteria that are
found to asymptomatically colonize the gastrointestinal
and/or urogenital tract of approximately 18% of pregnant
women globally (Russell et al., 2017; Seale et al., 2017).
Vaginal colonization by GBS is known as one of the risk
factors of preterm delivery (Bianchi-Jassir et al., 2017), as
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these women who are colonized are at risk for ascending
intrauterine infection (Edwards ef al., 2019). Ascending
infection is recognized as a route used by vaginal bacteria
to get into the uterus through the cervix to subsequently
penetrate gestational tissues, including decidua, chorion,
amnion and amniotic epithelium, causing intraamniotic
infection (Goldenberg et al., 2000; Bastek et al., 2011;
Whidbey et al., 2013). This is accompanied by elevation
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of proinflammatory cytokine and chemokine synthesis in
the amniotic sac and early activation of mechanisms of
parturition triggering preterm delivery (Bastek et al., 2011;
Agrawal and Hirsch, 2012). The rate of preterm delivery,
which is defined as the delivery that occurs before 37
weeks of gestation, ranges from 8.1% to 11.2% in
Malaysia (Jeganathan and Karalasingam, 2021). Preterm
delivery affects around 11% of births globally, resulting in
an estimated 15 million babies being born prematurely
each year (Vogel et al., 2018).

Ascending intrauterine infection may cause the
transmission of GBS to the fetus in utero and the newborn
during delivery via aspiration of contaminated amniotic
fluid and vaginal fluids, respectively, leading to the
development of early-onset neonatal infection (Verani et
al., 2010). Neonatal infections by GBS are classified into
early-onset disease (that occurs <7 days after birth) and
late-onset disease (that occurs 7-90 days postnatally).
Approximately 17-20% of neonates of GBS colonized
mothers are colonized and 1-7% of them will develop with
invasive disease (Chan et al., 2015).

Previous in vitro and in vivo studies have portrayed
the important role played by certain virulence factors that
include hemolytic pigment, hyaluronidase (HyIB), serine-
rich repeats (Srr) and bacterial surface adhesion factors
of GBS (BsaB) in mediating GBS vaginal colonization and
intrauterine ascending infection, leading to preterm
delivery. Hemolytic pigment is a surface-associated toxin
that mediates the hemolytic activity of GBS (Whidbey et
al., 2013). This hemolytic activity is encoded by gene
products of the cyl operon, which encode enzymes
catalyzing different steps in fatty acid biosynthesis
(Armistead et al., 2020; Whidbey et al., 2013). The cylE
gene encodes for N-acyl transferase, required for the
biosynthesis of the pigment which contributes to the
hemolytic activity of GBS (Whidbey et al., 2013). The two-
component regulatory (TCL) system, CovR/S is reported
to negatively regulate the transcription of cyl/ genes,
including cylE (Rajagopal et al., 2006). Thus, the mutation
or loss of function of CovR/S is responsible for the hyper-
hemolytic phenotype observed in GBS (Rajagopal et al.,
2006). The hemolytic pigment has been demonstrated to
induce ascending intrauterine infection, placental
inflammation, and, ultimately, preterm delivery in mice
(Randis et al., 2014). Meanwhile, in non-human primates
(NHP), hemolytic pigment mediates GBS invasion of the
amniotic cavity and induction of inflammation to trigger
preterm labor (Boldenow et al., 2016).

The GBS hyaluronidase (HyIB) is an endoglycosidase
that cleaves hyaluronic acid (HA) into disaccharides
(Wang et al, 2014b). HA is one of the
glycosaminoglycans with a high molecular weight that
makes up a major component of the extracellular matrix
(Wang et al., 2014b). HA contributes to cell migration,
cell-cell signaling and responses to injury and infection
(Stern and Jedrzejas, 2006; Fallacara et al., 2018). Thus,
it is proposed that HylB may be required to allow the
spread of the GBS from the initial site of
colonization/infection (Wang et al., 2014b). The GBS
strains isolated from amniotic fluid of preterm labor
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women or blood of infected neonates expressed higher
hyaluronidase activity than commensal strains obtained
from rectovaginal swabs of healthy women (Vornhagen et
al., 2016). HylB is shown to promote ascending
intrauterine infection, leading to preterm delivery in mice,
possibly by dampening uterine immune response
(Vornhagen et al., 2016). HylB is also necessary for GBS
invasion of the amniotic cavity leading to preterm labor in
NHP (Coleman et al., 2021).

Srr-1 and Srr-2 have a similar function but are less
than 20% identical in amino acid sequence and are
anchored to the GBS cell wall by sortase A (Sheen et al.,
2011). Srr-1 is identified in most GBS strains from
serotypes la, Ib and V and certain strains of serotype Il
(Seo et al., 2013). Srr-2 is only expressed by GBS
serotype I, particularly in isolates belonging to multilocus
sequence type 17 (ST-17), which is linked with enhanced
pathogenicity and thus increased neonatal invasive
diseases (Seo et al., 2013). The binding regions of these
proteins were discovered to attach to immobilized
fibrinogen via the dock, lock and latch (DLL) mechanisms
(Seo et al., 2013).

FbsC is a fibrinogen binding protein anchoring to the
cell wall surface via sortase A (Buscetta et al., 2014). In
vitro experiments demonstrated that it binds to
immobilized fibrinogen but not to other proteins inclusive
of plasminogen, fibronectin, or bovine serum albumin
(Buscetta et al., 2014). Sequence analysis of FbsC and
the bacterial surface adhesin B (BsaB) revealed them to
be identical and encoded by the same gene (Buscetta et
al., 2014). Another study using different strains of GBS
showed that BsaB is able to bind to immobilized
fibronectin and laminin (Jiang and Wessels, 2014). In vitro
and in vivo studies reflect that both Srr and BsaB are
adhesins important for GBS vaginal colonization (Sheen
et al., 2011; Jiang and Wessels, 2014; Wang et al,
2014b). However, there is a limited study to demonstrate
how and if these virulence genes are involved in the
pathogenesis of preterm delivery in humans. The aim of
this study is to investigate the association between mRNA
expression of virulence genes HyIB, CylE, Bsab and Srr-1
in GBS isolates from symptomatic pregnant women with
more than 37 weeks gestational age who undergo
preterm delivery.

MATERIALS AND METHODS
Study population

A laboratory-based follow-up study on pregnant women
attending the Department of Obstetrics and Gynaecology
at Hospital Tengku Ampuan Afzan (HTAA) in Kuantan.
Ethical approvals from IIlUM Research Ethics Committee
(IREC) and the Medical Research and Ethics Committee
(MREC) with ethical approval numbers IREC 2021-184
and NMRR-19-1366-46490, respectively, were acquired
for the use of clinical data and biological specimens from
consented pregnant women for research purposes. The
single proportion method formula was chosen to calculate
the sample size. The most optimum sample size is 34 and
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taking into account 20% of the margin, 41 samples are
required in this study.

Forty women with gestational age less than 37 weeks
who presented with preterm labor, PPROM, vaginal
discharge, or vaginal bleeding who had high vaginal swab
samples obtained for routine cultures were recruited as
study participants. Twenty-two of these GBS positive
symptomatic pregnant women of had preterm delivery
and 18 delivered at term. The group of women with term
delivery was used as an experimental control. Written
informed consent was obtained from these study
participants. Symptomatic pregnant women with more
than 37 weeks gestational age and/or who received
antibiotics in the two weeks before the collection of high
vaginal swab samples were excluded from this study.

Demographic details including maternal age, race,
body mass index (BMI), education level, occupation,
income, smoking habit, alcohol consumption, parity and
gestational age were obtained from the symptomatic
pregnant women who satisfied the inclusion/exclusion
criteria. Additionally, characteristic obstetrical history,
including previous preterm delivery, multiple pregnancies,
habitual abortion, cervical incompetence, pathological
pregnancy (gestational diabetes, pregnancy-induced
hypertension, intrahepatic cholestasis of pregnancy,
placenta previa, and placental abruption), and delivery
outcomes were also collected.

Clinical definitions

Preterm labor is defined as the onset of labor
characterized by regular uterine contractions (3 to 4
contractions lasting 30-45 sec in 10 min) accompanying
cervical changes (cervical dilatation and cervical
effacement) that occur before 37 weeks of gestation (Lin
et al., 2001). Preterm contraction is defined as uterine
contractions that occur before 37 weeks of gestational
age (Lin et al, 2001). PPROM is defined as the
spontaneous rupturing of fetal membranes before 37
weeks of gestation and before the onset of labor.

Processing of GBS isolates

High vaginal swab samples obtained from these
symptomatic pregnant women were sent to the
Department of Pathology of HTAA for GBS isolation and
identification. The swab samples were inoculated on
blood agar, incubated aerobically for 24 h and GBS
colonies that exhibited beta hemolysis (a small zone of
hemolysis around each colony) were differentiated from
other beta-hemolytic organisms. CAMP test was used for
further identification of GBS. The GBS-positive isolates
were then collected and transported immediately in an
insulated transport box to the Research Microbiology
Laboratory, Basic Medical Sciences, Kulliyyah of
Medicine, IIUM, for further processing.
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Reverse transcription- quantitative PCR (RT-qPCR) to
determine the expression of GBS virulence genes

The GBS isolates were grown to log phase in Todd Hewitt
Broth for 2 h before RNA was extracted from these GBS
isolates using Reliaprep™ RNA Cell MiniPrep System
(Promega, Wisconsin, USA) method. The extraction was
carried out using the manufacturer’s protocols for Gram-
Positive bacteria extraction. RNA purity and concentration
were determined by the Az and Azso measurements
using the NanoDrop 1000 Spectrophotometer (Thermo
Fisher Scientific, Wilmington, DE, USA) and then stored
at —80 °C. The RNA integrity was verified by agarose gel
electrophoresis to ensure that the 23S and16S bands
were visible on the gel image captured using Gel Doc-EZ
imager (Bio-Rad Laboratories).

RNA was reverse transcribed using GoScript Reverse
Transcriptase Master Mix (Promega, Wisconsin, USA) in
a volume of 20 yL using the protocols provided by the
manufacturer. The complementary DNA (cDNA) obtained
was then used for subsequent qPCR. Primer sequences
for the virulence genes (Table 1) were optimized and
tested for their amplification efficiency in the house.

Each RT-gPCR reaction contained 2 uL of cDNA
template (8 ng/pL) and 18 pL of a master mix consisting
of GoTag® gPCR Master Mix (Promega, Wisconsin,
USA), forward and reverse primers, and nuclease-free
water. Non-template control samples containing water
substituted in place of cDNA were included in all assays
to confirm the absence of a non-specific amplification
product. The RT-qPCR reaction was performed in a
gPCR CFX96 Real-Time system (Bio-Rad, Berkeley,
USA) under the following conditions: 2 min at 95 °C, 15
sec at 95 °C, 1 min at 60 °C for HyIB and RecA genes, 1
min at 55 °C for CylE, Srr-1 and Bsab genes and finally, 1
min at 60 °C. The reaction was repeated for 40 cycles,
with a melt curve at 65 °C to 95 °C with 5 sec per step.
Melt curve analysis was included to ensure the lack of
amplification of non-specific products for all primer sets.
All the data were analyzed using Bio-Rad CFX Manager
software (Version 3.1).

Once the Ct value for each sample was determined,
the relative expression of HylB, CylE, Bsab and Srr-1
genes against the housekeeping (reference) gene, RecA
(Florindo et al., 2012) was calculated using the AACt
method (Livak and Schmittgen, 2001): mRNA level = Log2
- (CtBact/'n - CtTarget gene)

Statistical analysis

All data were analyzed using the IBM SPSS Software
Version 26, for Windows 10. Chi-square test was used to
determine associations of categorical variables. In case
where the cell count is small (n<5), the Fischer's exact
test was substituted. Continuous variables were tested for
normality using the Shapiro Wilk test. One-way ANOVA
was applied in normally distributed variables and Mann
Whitney test or Kruskal Wallis test to not normally
distributed variables. The data were presented as mean +
SEM. A p<0.05 was considered statistically significant.
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Table 1: Sequences, product length, concentrations and GeneBank accession numbers for RT-qPCR primers.

Gene Primer sequences Product Primer Gene bank
length concentrations accession
(bp) (M) number
RecA Forward 5'-3' 70 0.25 uM AF307982
AAGTTGCTCCACCATTCCGT
Reverse 3'-5'
TCACCCGTGCGAGAAATACC
HylB Forward 5'-3' 124 0.25 uM U15050
(Otaguiri et al., 2013) TGTCTCCGAGGTGACACTTGAACT
Reverse 3'-5'
TGTGTTGTGACGGGTTGTGGATG
CylE Forward 5'-3' 124 0.25 uM AF093787
(Kayansamruaj et al., TTCTCCTCCTGGCAAAGCCAGC
2014) Reverse 3'-5'
CGCCTCCTCCGATGATGCTTG
Bsab Forward 5'-3' 143 0.25 uM AL766847
(Jiang and Wessels, 2014) ACCTGTGAACGCTAAAGCTG
Reverse 3'-5'
GCTGACCACTTGTCACCTCT
Srr-1 Forward 5'-3' 103 0.25 uM CP063198

(Liu et al., 2014)
Reverse 3'-5'

CTCGTTCTTCTGTCTATCGTCTG

ATGCGATATTCGTCACCTACAA

RESULTS

Demographics and obstetrical characteristics of the
study population

Among the 40 GBS-positive symptomatic pregnant
women recruited for the study, 22 (55%) delivered
prematurely, while 18 (45%) had normal term delivery.
The demographic details such as maternal age, race,
BMI, education level, occupation, income, smoking habit,
parity and gestational age were not associated with
preterm delivery (all p>0.05, Table 2). Meanwhile,
obstetric history such as previous preterm delivery,
multiple pregnancies, gestational diabetes and placenta
previa did not exhibit a significant association with
preterm delivery (p>0.05, Table 2). The above results
may reflect those demographic and obstetrical
characteristics are probably not the major confounding
factors for preterm delivery in these GBS positive
symptomatic pregnant women.

Association between expression of GBS virulence
genes in GBS isolates from symptomatic pregnant
women with preterm delivery

In order to determine the association between the
expression of the GBS virulence genes with preterm
delivery, the RNA was extracted from all the GBS isolates
obtained from high vaginal swabs of symptomatic
pregnant women. Subsequently, the relative expression
of HylB, CylE, Bsab and Srr-1 genes was analyzed using
RT-gPCR. The pregnant women were followed up to and
soon after their estimated delivery date to inquire about
the delivery outcomes. It was found that 18 (45%) and 22
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(55%) of these symptomatic pregnant women had term
and preterm delivery, respectively.

A trend towards significant elevation in Hy/B gene
expression (p=0.056, Figure 1A) was seen in GBS
isolated from symptomatic pregnant women who
delivered prematurely as compared to GBS from women
who delivered at term. GBS from symptomatic pregnant
women with preterm delivery portrayed a 55% increase in
expression of CylE gene (p=0.004, Figure 1B as opposed
to those from women with term delivery. GBS from
symptomatic pregnant women who had preterm delivery
presented the same levels of BsaB (p=0.643, Figure 1C)
and Srr-1 (p=0.719, Figure 1D) expressions as those from
women who had term delivery. Thus, these results show
that among symptomatic pregnant women, there is a
significant association between the expression of
virulence gene CylE with preterm delivery. Meanwhile,
there is a noticeable trend towards, albeit short of
significant association observed between HylB gene
expression with preterm delivery.

Preterm labor and PPROM are known to be
precursors for preterm delivery. In our study, the majority
of recruited pregnant women presented with preterm
labor (n=26). Notably, among those with preterm labor,
26.9.5% (n=7) presented together with PPROM, 3.8%
(n=1) with vaginal discharge and 19.2% (n=5) with vaginal
bleeding. In total, there were 35% (n=14) of the pregnant
women presented with PPROM. In order to investigate
the association between the GBS virulence gene
expression between those who had preterm delivery and
term delivery in preterm labor and PPROM patients, the
subjects were categorized into two groups; Group 1:
those with preterm labor and PPROM who had preterm
delivery. Group 2: those with preterm labor and PPROM

ISSN (print): 1823-8262, ISSN (online): 2231-7538


https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=9588693

Malays. J. Microbiol. Vol 18(4) 2022, pp. 370-379
DOI: http://dx.doi.org/10.21161/mjm.221453

Table 2: Demographics and clinical characteristics of GBS-positive pregnant women <37 weeks gestation with term and
preterm delivery.

Demographics and clinical characteristics GBS-positive pregnant women with
term delivery (n=18)  preterm delivery (n=22)
Maternal age (years) 0.983
<19 (n=2) 1 1
20-24 (n=6) 2 4
25-29 (n=14) 6 8
30-34 (n=12) 6 6
235 (n=6) 3 3
Race 1.000
Malay (n=37) 17 20
Chinese (n=3) 1 2
Indian (n=0) 0 0
BMI 0.538

<18.5 (underweight) (n=2)
18.5-24.9 (normal) (n=12)
25-29.9 (overweight) (n=14)
230 (obese) (n=12)
Education levels 1.000

~N oo O
O oN

No formal education (n=1) 0 1
Primary (n=0) 0 0
Secondary (n=14) 6 8
Tertiary (n=25) 12 13

Occupation 1.000
Housewife (n=20) 9 11
Employed (n=20) 9 11

Income (RM) 1.000
B40 (<RM4,360) (n=34) 15 19
M40 (>RM4,360-RM9,619) & T20 (>RM9,619) (n=6) 3 3

Smoking habit 0.624
Smoker (n=1) 1 0
Passive smoker (n=18) 7 11
Non-smoker (n=21) 10 11

Parity 0.253
0 (nulliparous) (n=11) 3 8
1 (primiparous) (n=10) 6 4
2-4 (multiparous) (n=17) 9 8
25 (grand-multiparous) (n=2) 0 2

Gestational age (weeks) 0.282
22-24 (n=1) 0 1
25-27 (n=3) 3 0
28-30 (n=3) 1 2
31-33 (n=12) 4 8
34-36 (n=21) 10 11

Previous preterm delivery 0.105
Yes (n=7) 1 6
No (n=33) 17 16

Previous multiple pregnancy 1.000
Yes (n=2) 1 1
No (n=38) 17 21

Gestational diabetes 1.000
Yes (n=11) 5 6
No (n=29) 13 16

Placenta previa 1.000
Yes (n=1) 0 1
No (n=39) 18 21

Note: Chi-squared test was applied, and Fischer's exact test was applied in cell <5. The level of significance was set at 0.05.
Abbreviations: BMI, Body Mass Index; RM, Ringgit Malaysia.
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Figure 1: RNA was extracted from GBS isolates obtained from high vaginal swabs of symptomatic pregnant women
and the delivery outcomes of these women were determined. Relative expression of the HyIB (A), CylE (B), BsaB (C)
and Srr-1 (D) virulence genes were quantified using RT-qPCR normalized to RecA gene. Data are shown as mean
SEM. The normality of the relative gene expression was determined using the Shapiro Wilk test and the Mann-Whitney
U test was applied when the data was not normally distributed. *indicates statistical significance (p<0.05) between

symptomatic pregnant women with term and preterm delivery.

who had term delivery.

The GBS isolates from Group 1 were depicted with a
trend towards a higher expression of HylB (p=0.062,
Figure 2A) in comparison to those isolates from Group 2.
A 46% increase in CylE expression (p=0.004, Figure 2B)
was found in isolates from Group 1 as compared to Group
2. BsaB (p=0.854, Figure 2C) and Srr-1 (p=0.903, Figure
2D) mRNA levels were not significantly different between
the two groups. Thus, for women with preterm labor and
PPROM, an association is portrayed between the
expression of CylE with preterm delivery (Group 1).

DISCUSSION

The American College of Obstetricians and
Gynaecologists (ACOG), Centres for Disease Control and
Prevention (CDC) and the American Academy of
Paediatrics (AAP) have established a universal culture-
based screening guideline for pregnant women at 35-37
weeks of pregnancy (Schrag and Verani, 2013). Women
who are tested positive will be given intrapartum antibiotic
prophylaxis (IAP) (Schrag and Verani, 2013). This
strategy of limiting the use of IAP to culture-positive
pregnant women is an effort to reduce the outcome
burden of GBS infection on pregnant mothers as well as
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neonates (Schrag and Verani, 2013). The implementation
of this IAP program in the United States reduced the
burden of early-onset GBS infections from 0.37 per 1000
live births in 2006 to 0.23 per 1000 live births in 2015
(Nanduri et al., 2019). However, the IAP program had no
effect on the late-onset neonatal GBS diseases, which
continue as the leading cause of neonatal morbidity and
mortality (Hahn et al., 2021). Furthermore, the
widespread use of IAP has raised concern over the
perturbed gut microbiome and the emergence of antibiotic
resistance in infants (Nogacka et al., 2017; Tapiainen et
al., 2019). The development of a GBS vaccine
administered to pregnant women in inducing the transfer
of protective antibodies to their infants via the placenta is
seen to be crucial, as it can potentially decrease the rate
of preterm delivery and neonatal GBS infections,
especially in low-and middle-income countries where IAP
program is not feasible (Vekemans et al., 2019; Berner,
2021). This approach can also be cost-effective when
implemented in addition to the IAP program to reduce the
GBS burden (Hahn et al., 2021). However, the role of
other virulence factors, especially those that are important
for the mechanisms underlying vaginal colonization and
ascending intrauterine infection, should be studied to
further propagate vaccine development. In addition, these
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Figure 2: RNA was extracted from the GBS isolates from preterm labor and PPROM women, and the delivery outcomes
were determined. The relative expression of HylB (A), CylE (B), BsaB (C) and Srr-1 (D) genes were subsequently
quantified and normalized against the RecA gene. Data are shown as mean = SEM. The relative gene expression was
tested for normality using the Shapiro Wilk test and the Mann-Whitney U test was applied when the data was not
normally distributed. *indicates statistical significance (p<0.05) between preterm labor women and PPROM with term

and preterm delivery.

virulence factors might serve as potential therapeutic
targets.

In this study, we investigated the association between
mRNA expression of virulence genes HylB, CylE, Bsab
and Srr-1 in GBS isolates from 40 colonized symptomatic
pregnant women with <37 weeks gestation and preterm
delivery. The delivery outcomes of these GBS-colonized
symptomatic pregnant women were found not to be
influenced by probable confounding factors related to
demographic findings or obstetric history. GBS isolates
from symptomatic pregnant women who delivered
prematurely showed a higher expression of the CylE gene
and a trend towards significantly increased expression of
the HyIB gene as compared to women with term delivery.
GBS isolates from preterm labor and PPROM women
with preterm delivery were portrayed with elevated
expression of CylE gene and a trend towards a
significantly higher expression of the HylB gene in
comparison to women with term delivery.

Our results are supported by a previous experimental
animal study showing a reduced incidence of preterm
delivery and intrauterine fetal demise when the day-13
pregnant mice were inoculated intravaginally with CylE
deficient strain as compared to wild-type GBS (Randis et
al., 2014). In this mice model, the hemolytic pigment was
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also reported to promote placental inflammation as well
as maternal and fetal GBS bacteremia (Randis et al.,
2014). However, mice showed dissimilarities to many
aspects of a human pregnancy and thus, NHP is used for
studies related to human pregnancy as the closest animal
model. Interestingly, inoculation of hyper-hemolytic GBS
in the choriodecidual space of the pregnant NHP, was
shown to cause microbial invasion of the amniotic fluid
cavity (MIAC), preterm labor and fetal sepsis as
compared to NHP given with GBS covR and cylE mutants
(nonhemolytic GBS) or saline (Boldenow et al., 2016).
NHP administered with hyper-hemolytic GBS was also
demonstrated with a higher level of inflammatory
cytokines in amniotic fluid, recruitment of neutrophils into
chorioamniotic membranes, accompanied by the
formation of neutrophil extracellular traps (NETs)
(Boldenow et al., 2016). Similarly, in vitro experiments
portrayed that the invasion of human amniotic epithelial
cells (hAECs) and synthesis of proinflammatory cytokines
from these cells were diminished when incubated with
GBS strain lacking of cylE as compared to isogenic
hyper-hemolytic or wild-type (Whidbey et al., 2013). In
vitro and in vivo studies revealed that hemolytic pigment
mediates GBS resistance to killing by macrophages and
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neutrophils, by causing cytotoxicity of these phagocytes
(Liu et al., 2004; Boldenow et al., 2016).

When mice were inoculated intravaginally with GBS,
HylB was shown to be required for ascending GBS
infection, preterm delivery and fetal demise, possibly by
dampening uterine immune responses (Vornhagen et al.,
2016). To support this, vaginal inoculation of mice with
hyIB deficient GBS was shown to induce the production of
proinflammatory cytokines in the uterus when compared
to wild-type GBS (Vornhagen et al., 2016). It has been
shown from in vitro and in vivo experiments that HylB
promotes the degradation of HA into disaccharides that
can block the activation of TLR2/4 signaling and thus
inflammation (Kolar et al., 2015). Meanwhile, both host-
derived HA fragments and other TLR2/4 ligands were
demonstrated to activate TLR2/4 and thus induce the
secretion of proinflammatory cytokines (Kolar et al.,
2015).

In the latest study by Coleman et al. (2021), hylB
deficient GBS was demonstrated to cause a lower rate of
microbial invasion of the amniotic fluid cavity (MIAC),
preterm labor and fetal bacteremia when inoculated in the
choriodecidual space of the pregnant NHP, as compared
to isogenic hylB proficient GBS or saline (Boldenow et al.,
2016). This is accompanied by the diminished recruitment
of neutrophils into chorioamniotic membranes and the
synthesis of matrix metalloproteinase (MMPs) and
prostaglandins in amniotic fluid and uterus. HylB also
contributes to the GBS resistance to killing neutrophils by
diminishing the production of reactive oxygen species
from these immune cells as a result of HylB mediated
dampening of TLR2/4 signaling, as explained above.
Thus, the results from our study and previous studies
reflect that both hemolytic pigment and HylB are
important for GBS ascending intrauterine infection that
eventually triggers preterm delivery. However, in our
study, we do not have information about the GBS
invasion of amniotic fluid of these symptomatic pregnant
women who were vaginally colonized with GBS. It is
because MIAC is not a routine procedure to determine the
presence of infection, especially among women with
preterm labor and PPROM in Malaysia.

Previously, it was demonstrated that both Srr-1 and
Srr-2 were crucial for bacterial adherence to human
vaginal (VK2/EGE7), ectocervical (Ect1/E6GE7) and
endocervical (End1/EBGE7) epithelial cell lines (Sheen et
al., 2011; Wang et al., 2014a). This GBS adhesion to
these cells in vitro was enhanced by binding of Srr
proteins to fibrinogen, possibly via DLL mechanisms
(Wang et al., 2014a). Meanwhile, in vivo mouse model of
GBS vaginal colonization revealed that Srr-1 and its
latching domain were necessary for GBS persistence in
the vagina (Sheen et al, 2011; Wang et al., 2014a).
FbsC/BsaB also contributed to GBS adhesion of human
vaginal epithelial cells (VK2) and biofilm formation (Jiang
and Wessels, 2014). Overall, these results signify the
involvement of this virulence factor in vaginal colonization.
However, in our study, the expression of both Srr-7 and
BsaB genes were similar between symptomatic pregnant
women with term and preterm delivery. Meanwhile, GBS
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isolates from preterm labor and PPROM women with
preterm delivery had similar expression of both Srr-7 and
BsaB genes to preterm labor and PPROM women who
delivered at term. One possible explanation is the
expression of other GBS adhesins, including pili,
plasminogen-binding surface protein (PbsP), fibronectin-
binding protein (SfbA) and BibA, suggested to be
important for vaginal colonization (Santi et al., 2009;
Sheen et al., 2011; Mu et al., 2014; Cook et al., 2018)
might be upregulated in women who delivered
prematurely.

The public hospitals in Malaysia do not routinely
screen pregnant women for GBS infection. Only pregnant
women who present with symptoms and significant
previous obstetric history would warrant high vaginal
swabs to be taken. Since, our study was conducted in
HTAA as a tertiary hospital, we had to exclude
asymptomatic pregnant women. It would be ideal to
compare the expression of these virulence genes in GBS
isolates obtained from asymptomatic and symptomatic
pregnant women in association with preterm delivery.

CONCLUSION

In conclusion, the obtained results may suggest that
following vaginal colonization, the expression of both cylE
and HylB genes are upregulated to likely mediate
ascending intrauterine infection and inflammation, leading
to preterm delivery in humans. These virulence factors
may be targeted for the exploratory and pre-clinical
stages of vaccine development or therapeutic intervention
to prevent invasive GBS diseases to both pregnant
mothers and their newborns.
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