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ARTICLE DETAILS ABSTRACT

Article History: Vaginal colonization with Group B streptococcus (GBS) or Streptococcus agalactiae can potentially cause
ascending intrauterine infection among pregnant women, and hence it is known as one of the risk factors for
preterm delivery. Ascending intrauterine infection may also cause the transmission of GBS to the fetus in utero
and the newborn during delivery, leading to the development of early onset of neonatal infection. GBS are (3-
hemolytic, gram-positive bacteria that are opportunistic commensal of the gastrointestinal and urogenital
tract of approximately 18% of pregnant women globally. Intrapartum antibiotic prophylaxis (IAP) only
reduces the rate of early onset neonatal infection, but not the late onset neonatal infection. Thus, the
development of GBS vaccine is thought to be important to decrease the rate of preterm delivery and neonatal
infections particularly in low-and-middle income countries where IAP program is not feasible. Vaccination
can also be cost-effective for the healthcare system when executed together with IAP program. The aim of the
current review is to summarize the mechanisms on how the GBS virulence factors interact with host immune
components in the gestational tissues, leading to cervicovaginal colonization and ascending intrauterine
infection. The elucidation of these mechanisms is essential for expediting the development of vaccines and
novel therapeutic measures targeting these GBS virulence factors that will hamper the vaginal colonization,
ascending intrauterine infection and conceptus tissue invasion by GBS. These strategies are crucial to
potentially reduce the rate of preterm delivery and subsequent serious complications in the newborn.
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neonatal GBS infections (Agrawal and Hirsch, 2012; Vornhagen et al,,
2017). Neonatal infections by GBS are classified into early onset disease
(that occurs <7 days after birth) and late onset disease (that occurs 7-90

1. INTRODUCTION

Preterm delivery is defined as the delivery that occurs before 37 weeks of

gestation. The rate of preterm delivery ranges between 8.1% to 11.2% in
Malaysia (Jeganathan and Karalasingam, 2020). Preterm delivery is
estimated to affect 11% of births worldwide, causing 1 million children
under 5 years of age to die annually (Vogel et al, 2018). GBS vaginal
colonization during pregnancy is one of the risk factors identified for
development of preterm delivery (Bianchi-Jassir et al., 2017). GBS are -
hemolytic gram-positive bacteria, that colonize the gastrointestinal and
urogenital tract of almost 18% of pregnant women worldwide (Seale etal.,
2017).

GBS colonization predisposes the pregnant woman to ascending
intrauterine infection (Agrawal and Hirsch, 2012; Vornhagen et al,, 2017).
GBS gets access to the uterus and eventually cause bacterial invasion of the
chorioamnionitic membranes of the placenta, amniotic cavity and fetus
triggering an inflammatory reaction that leads to preterm delivery and

days postnatally). In early onset neonatal infection, the principle route of
GBS acquisition is ascending intrauterine infection that 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 (Verani et al., 2010).

Meanwhile in late onset disease, the route for GBS transmission is less
clear. In this review, the host innate and adaptive immune responses that
are stimulated following vaginal colonization to either facilitate GBS
clearance or invasion are discussed. Later, GBS virulence factors that are
crucial for cervicovaginal colonization, invasion of the cervix, amniotic
membranes and fluid are further elaborated. Emphasis is given to the
advances recently made in understanding of the interaction between the
host immune responses and GBS vaginal colonization and invasive factors.
The preventive strategies to reduce the global burden of GBS diseases
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among pregnant women and their neonates are finally highlighted. This
knowledge needs to be further explored in order to facilitate and expedite
the development of vaccines and novel therapeutic measures targeting
these GBS virulence factors to reduce global GBS burden among pregnant
women and their neonates.

2. METHODS

Online databases including Google Scholar and PubMed were used to
identify current and pivotal research relating to GBS. The terms used for
the literature search include “Group B Streptococcus” or “Streptococcus
agalactiae” in combination with “pregnancy,” “preterm delivery,” “vaginal
colonization,” “uterus,” “ascending infection,” “virulence factors,” “cervix,”
“placenta,” “chorioamnion,” “amniotic fluid,” “immune responses,”
“vaccine”. The literature search was restricted to articles published
between 2016-2021. Nevertheless, articles published prior to 2016 that
were identified using snowball searches of article reference list and
considered to be crucial for this narrative review were also included.

”a » o«

3. HoST IMMUNE RESPONSES TO GBS VAGINAL COLONIZATION
AND ASCENDING INTRAUTERINE INFECTION

In vivo mouse model of GBS vaginal colonization portrayed the
recruitment of neutrophils, macrophages and mast cells to contribute to
the synthesis of pro-inflammatory mediators including cytokines and
histamine and thus enhancing GBS clearance from vaginal tract (Carey et
al,, 2014; Gendrin et al,, 2015; K. A. Patras et al,, 2015; Kathryn A Patras et
al,, 2013). Lymphocytes, specifically T helper 17 (Th17) cell production of
pro-inflammatory cytokines together with specific antibody responses
also appear to be crucial in reducing GBS colonization (Baker et al., 2017;
Carey et al, 2014; K. A. Patras et al, 2015).

There are also limited studies to explore the host immune response for the
GBS clearance in the cervix. In mice, it seems that interleukin-17 (IL-17)-
producing neutrophils and Th17 cells mediated cervical immunity against
GBS infection (Patras et al,, 2015). Intravaginal inoculation of mice with
GBS also caused GBS invasion of uterus, decidua, placenta and fetal
membrane (Kothary et al, 2017; Rogers et al, 2018). In these mice,
infiltration of macrophages into placenta and fetal membrane, recruitment
of neutrophils into placenta and decidua, as well as elevation of
prostaglandin in the amniotic fluid were also documented following
inoculation of GBS intravaginally (Kothary et al,, 2017; Rogers etal., 2018).
Microflora is known to regulate the host immune response and it is
important to note that the microflora of the mouse vagina are different to
human vagina, as one of the limitations to be considered for this mouse
model of vaginal colonization (Zheng et al, 2020). The host immune
responses induced by GBS in the gestational tissues are illustrated in
Figure 1.

4. GBS VIRULENCE FACTORS

4.1 GBS Virulence Factors That Enhance Cervicovaginal Colonization

The microbial virulence factors that are involved in adherence and
invasion are mostly related to the GBS interaction with the host’s
extracellular matrix components (ECM) or ligands to host tissues and cells
such as collagen, fibrinogen laminin, fibronectin, glycosaminoglycan and
integrins. The virulence factors that are anchored to the bacterial cell wall
include serine rich repeat (Srr), fibrinogen binding protein (Fbs), bacterial
adhesin (BibA), pili, alpha C protein and streptococcal fibronectin binding
protein A (SfbA) (Mu et al., 2014; Sheen et al, 2011; Buscetta et al.,, 2014;
Santi et al,, 2007; Maisey et al., 2008; Baron et al., 2007).

The binding regions of Srr-1 and Srr-2 were discovered to bind to
immobilised fibrinogen via dock, lock and latch (DLL) mechanisms (Seo et
al,, 2013; Wang et al,, 2014). Srr-1 and Srr-2 were also required for GBS
adhesion to human vaginal (VK2/E6E7), ectocervical (Ectl/E6E7), and
endocervical (End1/E6E7) epithelial cell lines (Sheen etal,, 2011; Wang et
al.,, 2014). Srr-1 was also shown to bind to keratin-4 for adhesion to human
vaginal epithelial cells (Sheen et al, 2011). Srr-1 was also necessary for
GBS persistence in the vagina following the inoculation of these bacterial
cells into the vaginal vault (Sheen et al,, 2011; Wang et al., 2014).

FbsC also known as the bacterial surface adhesion of GBS (BsaB) is
required for binding of GBS to immobilised fibrinogen, fibronectin and
laminin (Buscetta et al, 2014; Jiang and Wessels, 2014). FbsC also
enhanced GBS adhesion to human vaginal epithelial cell line (VK2) and
biofilm formation (Jiang and Wessels, 2014). BibA is essential for GBS
adhesion to human cervical (ME180) epithelial cell line (Santi et al., 2007).
However, it is not clear about the host ligand that BibA interacts with for

adhesion. BibA has been reported to bind to human C4-binding protein,
which is one of the regulatory proteins involved in classical complement
pathway and BibA specific IgG was discovered in healthy human serum
(Santi et al,, 2007).

Immunization of mice with serotype V GBS (GBS-V)-derived recombinant
surface protein, rBibA combined with different adjuvants stimulated the
production of antigen-specific antibodies including IgG and IgA in vivo
(dos Santos et al, 2020). From in vitro assays, serum collected from
vaccinated mice augmented opsonophagocytosis of GBS-V cells by
macrophages cell line and decreased the GBS-V invasion of human lung
epithelial cell line in vitro (dos Santos et al.,, 2020). rBibA combined with
different adjuvants were also shown to increase the survival rate and
reduce vaginal colonization when the mice were challenged with GBS-V
cells (dos Santos et al., 2020). From in vitro experiments, BibA facilitates
the GBS resistance to killing by phagocytes and this promotes the bacterial
survival in human blood (Santi et al., 2007).

Pili consist of three covalently linked pilin proteins that include pilus tip
adhesion (PilA), backbone (PilB) and base protein (PilC) (Maisey et al.,
2008). PilA was demonstrated to bind immobilized collagen type I and
fibrinogen (Dramsi etal.,, 2012; Banerjee etal,, 2011). PilA also contributes
to GBS adherance of human vaginal (VK2/E6E7), ectocervical
(Ect1/E6E7), endocervical (End1/E6E7) and cervical (ME180) epithelial
cell lines (Sheen et al, 2011). Meanwhile in vivo mouse model of GBS
vaginal colonization revealed that PilA is essential for GBS persistence in
the vagina of non-pregnant mice (Sheen et al.,, 2011). PilB is demonstrated
to mediate GBS resistance to cathelicidin antimicrobial peptide and thus
allowing the GBS survival when co-cultured with human macrophages and
neutrophils in vitro (Maisey et al., 2008).

Previous in vitro study revealed that the expression of adherence factors
including pilus components are upregulated when GBS are grown at acidic
pH as compared to neutral pH (Santi et al, 2009). Thus, it can be
postulated that acidic pH in the vagina of women of childbearing age is
causally related to the optimal GBS adherence to vaginal epithelial cells.
Overall, in vitro and in vivo studies suggest the involvement of virulence
factors discussed above in GBS cervicovaginal colonization, which occurs
via adhesion of vaginal and cervical epithelial cells. These virulence factors
can also potentially cause stimulation and evasion of host immune
responses in the cervix and vagina.

4.2 GBS Virulence Factors That Enhance Invasion of The Cervix

PilB was also portrayed to mediate the GBS paracellular translocation
through the differentiated monolayer of cervical epithelial (ME180) cell
line (Pezzicoli et al., 2008). Alpha C protein interacts with host cell surface
glycosaminoglycan to enhance the GBS internalization of ME180 cells
(Baron et al,, 2007). GBS transcytosis of ME180 cells may be mediated by
interaction between alpha C protein and integrins as co-receptors (Baron
etal, 2007). SfbA also interacts with fibronectin to promote GBS invasion
of human vaginal (VK2/E6E7), ectocervical (Ectl/E6E7), and
endocervical (End1/E6E7) epithelial cell lines (Mu et al,, 2014). However,
the role of SfbA in mediating GBS translocation across the membranes of
these cell lines were not investigated in this study (Mu et al,, 2014). It was
also reported that GBS strain that established persistent infection in
murine vagina invaded human cervical cells at higher rate as compared to
human vaginal cells, portraying that GBS may probably establish the long-
term colonization in the cervix (Patras et al., 2015). Overall, these studies
suggest that PilB, alpha C protein and SfbA can possibly contribute to the
GBS transition, from an asymptomatic colonizer to an invasive pathogen
in the cervix, to facilitate GBS invasion of amniotic membranes and fluid.

4.3 GBS Virulence Factors That Enhance Ascending Intrauterine
Infection

Ornithine rhamnolipid pigment also known as hemolytic pigment
mediates the GBS hemolytic activity (Whidbey et al., 2013). This hemolytic
activity is contributed by the cylE expression in cyl operon (Whidbey etal.,
2013). The most studied two components regulatory system for GBS,
CovR/S has been reported to control the transcription of more than 100
virulence genes, and the expression of cylE is repressed by CovR/S
(Rajagopal et al., 2006). Hyper-hemolytic phenotype observed in GBS is
caused by mutation or loss of function of CovR/S (Rajagopal et al., 2006;
Whidbey et al,, 2013). In response to pH, the regulation of virulence gene
expression also involves CovR/S, via unknown mechanisms (Santi et al.,
2009). Meanwhile, the expression of cyl genes was upregulated when GBS
was grown in Todd Hewitt broth with neutral pH, as compared to acidic
pH in vitro (Santi et al., 2009). Similarly, the increased expression of cyl
genes was also reported when GBS was cultured in human amniotic fluid,
in comparison to Todd Hewitt-yeast extract medium (Sitkiewicz et al.,
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2009). Thus, it is hypothesized that when there is a transition from acidic
pH of the vagina to near-neutral pH of the cervix and amniotic fluid,
hemolytic pigment is increasingly expressed for GBS invasion of the
amniotic fluid.

In comparison to wildtype GBS, covR mutant (hyper-hemolytic) GBS was
demonstrated with lower persistence in the vagina of non-pregnant mice
(Patras et al,, 2013). These results can possibly be explained by hyper-
hemolytic GBS stimulation of macrophage inflammatory protein-2 (MIP-
22) and interleukin 1-Beta (IL-1p) that further enhance the infiltration of
neutrophils into the mouse vagina for the bacterial clearance (Kathryn A
Patras et al,, 2013). Hyper-hemolytic GBS that was inoculated into the
vagina of mast cell-deficient mice also exhibited higher persistence both
in the lower genital tract and uterine horns when compared to wildtype
mice (Gendrin et al, 2015). This observation is probably due to the
hemolytic pigment-mediated degranulation of mast cells that limited the
GBS vaginal colonization (Gendrin et al,, 2015).

In contrast, both cylE deficient and wildtype GBS were reported to
effectively colonize the vagina following the inoculation of these bacterial
cells into the vaginal lumen of non-pregnant mice (Randis et al.,, 2014).
However, the vaginal colonization of cylE deficient GBS was reduced in
mice that were previously colonized with wildtype GBS, implicating that
hemolytic pigment might contribute to competitive colonization
advantage for GBS (Randis et al.,, 2014). Overal], it can be assumed that
other than GBS adhesins, hemolytic pigment is also involved in GBS vaginal
colonization. Vaginal inoculation of pregnant mice with cylE deficient
strain resulted in lower rate of preterm delivery and intrauterine fetal
demise when compared to mice infected with wildtype GBS (Randis et al.,
2014). A cylE deficient strain was also reported to cause a reduction in
placental inflammation as well as maternal GBS bacteremia (Randis et al.,
2014).

There are many dissimilarities between human pregnancy and pregnancy
in mouse model that include differences in the reproductive anatomy,
placentation, onset of labor, and sensitivity to pathogens. In view of these
multiple dissimilarities, pregnant non-human primates (NHP) are
preferably used for studies associated to pregnancy in humans, as the
closest animal model. Pregnant NHP, Macaca nemestrina inoculated with
hyper-hemolytic GBS in choriodecidual space had microbial invasion of
amniotic fluid cavity (MIAC), preterm labour, and fetal sepsis compared to
pregnant NHP administered with both covR and cylE mutant GBS or saline
(Boldenow et al.,, 2016). This is accompanied by the elevation of IL-14, IL8,
TNF and prostaglandins in amniotic fluid, as well as recruitment of
neutrophils into the chorioamniotic membranes of pregnant NHP
inoculated with hyper-hemolytic GBS (Boldenow et al, 2016).
Interestingly, neutrophil extracellular traps (NETs), were observed to
form in the chorioamniotic membranes during ascending GBS infection
and hemolytic pigment allowed GBS to resist extracellular killing by NETs
(Boldenow et al., 2016).

This is supported by in vitro experiments, showing that hyper-hemolytic
GBS also enhanced the penetration of human choriomaniotic membranes
in comparison to both covR and cylE mutant and wildtype GBS (Whidbey
et al,, 2013). Hyper-hemolytic GBS also promoted the invasion of human
amniotic epithelial cells (hAECs) and the secretion of pro-inflammatory
cytokines from these cells as compared to cylE mutant, both covR and cylE
mutant and wildtype GBS (Whidbey et al., 2013). In vitro studies revealed
that hemolytic pigment is crucial for GBS resistance to killing by
neutrophils, macrophages and mast cells by causing cytotoxity of these
immune cells (Boldenow et al., 2016; Gendrin et al., 2015; Liu et al,, 2004).
This evidence implies that hemolytic pigment is crucial for ascending
intrauterine infection, inducing inflammation in the placenta,
chorioamniotic membranes, amniotic fluid and fetus that eventually
trigger preterm delivery.

GBS hyaluronidase (HylB), is an endoglycosidase that cleaves hyaluronic
acid (HA) into disaccharides (Kolar et al,, 2015; Vornhagen et al,, 2016).
Higher hyaluronidase activity was portrayed in GBS obtained from
amniotic fluid of preterm labor women or blood of infected neonates as
compared to commensal strains isolated from rectovaginal swabs of
healthy women (Vornhagen et al, 2016). There are limited studies to
explore the role of HylB in vaginal colonization. Meanwhile, vaginal
inoculation of mice with hylB deficient GBS was depicted to cause lower
rate of ascending intrauterine infection, preterm delivery and in utero
fetal demise as compared to wildtype GBS (Vornhagen et al,, 2016). The
elevated production of pro-inflammatory cytokines detected in the uterus
of mice treated with hylB deficient GBS might cause GBS clearance and
thus preventing the ascending intrauterine infection (Vornhagen et al.,
2016). Furthermore, in vitro and in vivo experiments portrayed that HylB

caused degradation of HA into disaccharides that can block the activation
of TLR2/4 signaling and thus inflammation (Kolar et al,, 2015). Thus, it is
plausible that Hylb is required for the dampening of immune responses in
the uterus to allow for ascending intrauterine infection, preterm delivery
and in utero fetal demise in mice.

Recently, pregnant NHP inoculated with hylB deficient GBS into the
choriodecidual space were reported with lower incidence of MIAC,
preterm labour, and fetal bacteremia as compared to NHP inoculated with
isogenic hylB poficient GBS or saline (Coleman et al,, 2021). Reduced
infiltration of neutrophils into chorioamniotic membranes and diminished
production of matrix metalloproteinase (MMPs) and prostaglandins in
amniotic fluid were also documented in these NHP treated with hylB
deficient GBS (Coleman et al., 2021). From in vitro experiments, HyIB also
contributes to the GBS resistance to killing by primary human neutrophils,
perhaps by diminishing the production of reactive oxygen species from
these immune cells as a result of HylB mediated dampening of TLR2/4
signaling (Coleman et al., 2021). Similarly, GBS lacking of hylB were
depicted with a lower survival in macrophages in vitro (Wang et al., 2014).
Overall, Hylb mediates ascending intrauterine GBS infection, to cause
inflammation in chorioamnion and amniotic fluid that stimulates preterm
labour.

The GBS virulence factors that contribute to vaginal colonization, invasion
of cervix and ascending intrauterine infection are illustrated in Figure 1.
Meanwhile the interaction between these virulence factors and host
immune components are summarized in Figure 2.
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Figure 1: GBS virulence factors that are necessary for vaginal
colonization, by adhering to vaginal epithelial cells include Srr, FbsC, PilA.
Srr, BibA, Alpha C protein, PilB and SfbA are found to mediate GBS
adhesion and invasion of cervical epithelial cells.

Hemolytic pigment and HylB are demonstrated to be important for
ascending intrauterine infection. Host innate immune components that
are important for immunity against GBS in vagina consist of neutrophils,
macrophages and mast cells, which contribute to the synthesis of
proinflammatory cytokines and histamine. B cells and Th17 cells that are
responsible for the synthesis of anti-GBS antibody and IL17 cytokines
respectively mediate the adaptive immune response towards GBS in the
vagina. In the cervix, neutrophils and Th17 cells that contribute to the
synthesis of IL17 seem to be important for GBS clearance. Infiltration of
neutrophils and macrophages that contribute to production of pro-
inflammatory cytokines in gestational tissues including uterus, placenta
and chorioamnion are also demonstrated in response to GBS ascending
intrauterine infection. Finally, the GBS invasion into the amniotic fluid
triggers the synthesis of MMP and prostaglandin.
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Figure 2: During vaginal colonization, GBS adhesins including Srr, FbsC
and PilA bind to ligands on the surface of vaginal epithelial cells.

Hemolytic pigment mediates the recruitment of neutrophils into vagina,
and the degranulation of mast cells to restrict GBS vaginal colonization.
Srr, BibA and PilA are necessary for GBS adhesion of cervical epithelial
cells. Alpha C protein, PilB and SfbA meanwhile are crucial for GBS
invasion of the cervical epithelial cells to possibly mediate GBS transition,
from an asymptomatic colonizer to an invasive pathogen and thus
facilitating GBS invasion of amniotic fluid. In uterus, HylB dampens the
synthesis of proinflammatory cytokines to probably allow for GBS
ascending intrauterine infection. Hemolytic pigment and HylB mediate the
recruitment of neutrophils into choriomanion. Hemolytic pigment allows
GBS to circumvent NETs in chorioamnion, as one of the mechanisms to
evade host immune response. Then both hemolytic pigment and HylB are
shown to cause the GBS invasion of amniotic fluid, and these virulence
factors then further trigger the synthesis of cytokines, MMP and
prostaglandin in amniotic fluid.

5. PREVENTIVE STRATEGIES FOR GBS VAGINAL COLONIZATION,
ASCENDING INTRAUTERINE INFECTION AND FETAL INFECTION

5.1 Intrapartum Antibiotic Prophylaxis (IAP)

In an effort to reduce the incidence of GBS infection among pregnant
mothers and neonates, Centers for Disease Control and Prevention (CDC)
has established a universal culture-based screening guideline for pregnant
women with gestational age of 35-37 weeks (Verani et al,, 2010). IAP is
administered during labour and delivery, to GBS positive women and thus
limiting the use of IAP to a certain risk group (Verani et al., 2010). The
incidence of early-onset neonatal GBS infections was observed to decline
from 0.37 to 0.23 per 1000 live births from 2006 to 2015 due to the
implementation of this IAP program in United States (Nanduri etal., 2019).
However, the rate of late-onset neonatal GBS diseases was not reduced by
this IAP program and there is also an apprehension over perturbed gut
microbiome and antibiotic resistance in infants as a result of the common
use of IAP (Nogacka et al,, 2017; Tapiainen et al, 2019; Hahn et al,, 2021).
The development of GBS vaccine for pregnant women is crucial in reducing
the rate of maternal and neonatal GBS infections especially in low-and
middle-income countries where IAP program is not implemented (Berner,
2021; Vekemans et al., 2019). This approach can also be cost-effective for
the healthcare system in countries where IAP program is feasible (Hahn et
al, 2021).

5.2 Development of GBS Vaccine

Current vaccine candidates include trivalent CPS conjugate vaccine
derived from serotypes Ia, Ib and III. In Phase II clinical trial, this vaccine
is safe and well-tolerated in pregnant women, and efficient in inducing
high titer of maternal antibodies that are transferred to fetus via placenta
(Swamy et al., 2020). However, not all clinically-important serotypes are
targeted by this vaccine, and hence a hexavalent CPS conjugate vaccine
targeting serotypes Ia, Ib, II, II], IV, and V is developed. In Phase % clinical
trial, the safety, immunogenicity and efficiency of this vaccine have been
demonstrated in healthy non-pregnant individuals (Absalon et al., 2021).
However, the prevalence of GBS serotypes varies in different geographical
regions and in order to circumvent the host immunity, GBS may switch and
replace their capsular serotypes post-vaccination.

Alternatively, N-terminal domains of Alpha C and Rib proteins are
observed to be safe and highly immmunogenic in non-pregnant healthy
individuals in Phase I clinical trial (Fischer et al., 2021). Meanwhile other
GBS adhesins and invasins including pilus, latch domain of Srr-1 and BibA

are studied in pre-clinical phase (dos Santos et al., 2020; Edwards et al.,
2016; Lin et al,, 2018). Hemolytic pigment and HylB can also be potentially
targeted using the therapeutic measures, to prevent ascending
intrauterine GBS infection (Boldenow et al., 2016; Coleman et al., 2021).

6. CONCLUSION

In low-and-middle income countries, the lack of availability of IAP
program contributes to the increased GBS burden among pregnant women
and their neonates. In countries where IAP program is implemented, the
rate of early onset neonatal infection is reduced, but not the late onset
neonatal infection. Thus, the development of GBS vaccine is seen to be
crucial especially in low-and-middle income countries. GBS vaccine can
also potentially be cost-effective for the healthcare system when executed
in addition to IAP program. In this review, emphasis is given to the
interaction between host immune factors and GBS virulence factors in the
gestational tissues that allows the organism to evade the local host
immune responses leading to ascending infection of the pregnant female
genital tract to trigger preterm delivery and fetal infection. However,
further research is needed to understand these complicated mechanisms
that may contribute to GBS transition from a commensal organism to a
pathogen in pregnant women. This knowledge is also crucial to elucidate
the preventive strategies, either by targeting the GBS virulence factors
using vaccines or therapeutic measures, that can be implemented in
addition to or as replacement to IAP.
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