Annals of Clinical Microbiology

Review article

L)

Check for
updates

& OPEN ACCESS

pISSN : 2288-0585
elSSN : 2288-6850

Ann Clin Microbiol 2023 September, 26(3): 41-50
https.//doi.org/10.5145/ACM.2023.26.3.1

Corresponding author
Sunjoo Kim
E-mail: sjkim8239@hanmail.net

Received: July 07, 2023

Revised: September 08, 2023
Accepted: September 08, 2023

© 2023 Korean Society of Clinical Microbiology.

This is an Open Access artide

BY NG distributed under the terms of
the Creative Commons Attribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
nc/4.0/) which permits unrestricted non-commerdial
use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Group B Streptococcus vaccines. progress
and potential

Kristin Widyasari' “, Sunjoo Kim***
'Institute of Medical Science, Gyeongsang National University, Jinju, “Department of Laboratory
Medicine, Gyeongsang National University College of Medicine, Jinju, *Department of Laboratory

Medicine, Gyeongsang National University Changwon Hospital, Changwon, Korea

Abstract

Group B Streptococcus (GBS, Streptococcus agalactiae) is a pathogen that causes sepsis and
meningitis, particularly in newborns, as well as severe infections in the elderly and those
at high risk. For many years, the administration of intrapartum antimicrobial prophylaxis
(IAP) has been a standard method to prevent neonatal GBS infection. However, IAP may be
unsuitable in low-income settings due to its high cost and difficult accessibility to medical
institutions. Additionally, IAP may lead to the emergence of antimicrobial-resistant bacteria.
Hence, an alternative method for the control of GBS, such as a vaccine, is needed. An
effective vaccine will likely prevent the further spread of GBS and be cost-effective compared
with IAP. GBS vaccines have been under development for the past two decades, and several
candidates have shown potential. In this review, we discuss the current development of GBS
vaccines, including types and their implementation in different target populations.
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Introduction

Group B Streptococcus (GBS; Streptococcus agalactiae) is one of the essential Gram-positive bacteria
causing neonatal sepsis and meningitis and has become the leading cause of neonatal morbidity and mortality
worldwide [1]. GBS commonly appears in healthy women'’s reproductive or gastrointestinal tract and can be
transmitted to newborns at the time of birth [2]. GBS can occasionally cause serious disease, particularly in
infants, but not exclusively, given that diseases caused by GBS were also found in adults. Although there is a
regional variation in the prevalence of GBS, about 18% of women worldwide are estimated to be colonized
by GBS and may develop an invasive GBS disease [3]. This can lead to stillbirth, maternal, and/or neonatal
death. Since it was first identified (Fig. 1), as of 2015, there have been about 2.7 million neonatal deaths, 2.6
million stillbirths, and about 303,000 maternal deaths due to GBS infection, with the highest burden found in
low-income settings, particularly African countries [4-7].

Annals of Clinical Microbiology 2023 September Vol.26(3) 41

www.acm.or.kr


https://crossmark.crossref.org/dialog/?doi=10.5145/ACM.2023.26.3.1&domain=pdf&date_stamp=2023-09-20
https://doi.org/10.5145/ACM.2023.26.3.1
https://orcid.org/0000-0002-1033-734X
https://orcid.org/0000-0001-8099-8891

Kristin Widyasari, et al.

1887
S. agalactiae was first
described as a cause of
bovine mastitis

i s Multipl! 1962 f GBS GBS 1970d thi
- ultiple reports o emerged as the
The human strain of S. | The first repart of GBS was infection in vaginal culture from predominant pathogen
agalactiae was first associated with fatal puerperal asymptomatic postpartum causing sepsis and
isolated Sepsis women meningitis in neonates

Fig. 1. Timeline of GBS discovery to the time it was considered the predominant pathogen causing sepsis and meningitis in neonates.

GBS, Group B Streptococcus.

Two syndromes exist for GBS disease in neonates: early onset (< 7 days old) and late onset (7-89 days old)
[8]. Both early- and late-onset GBS infections can manifest as bacteremia, pneumonia, and meningitis; hence,
proper management and prevention are crucial to reduce maternal and neonatal mortality and morbidity
risk due to the disease caused by GBS. To date, the most common prevention for GBS infection is through
intrapartum antibiotic prophylaxis (IAP), with the most common antibiotics used being penicillin and
ampicillin [9,10]. IAP given four or more hours before delivery has been reported to be effective in preventing
early-onset disease (EOD) [11]. However, unfortunately, IAP has no impact on late-onset disease (LOD),
stillbirths, prematurity due to GBS, and disease in pregnant women [12,13]. Additionally, a study reported
that infants exposed to IAP were shown to have a lower abundance of phylum Bacteroidetes in their first
week of life, lower Bacteroide and Parabacteroide genera at three months, lower counts of Bifidobacterium
spp. at the age of one week, and an increased infection rate of ampicillin-resistant Escherichia coli compared
to infants who were not exposed to antibiotics [14-16]. Given the limitation of TAP for the eradication of
GBS colonization in pregnant women, the development of GBS vaccines has been identified as a suitable
approach for preventing and managing the disease. In this review, we discuss the development of GBS
vaccines, their current status, and the possible effectiveness of GBS vaccine administration for the prevention
and management of early-onset and late-onset GBS infection based on the updated literature. To give a
comprehensive understanding of the possible treatment options and molecules for the development of GBS
vaccines, we also discuss the serotypes and the identified virulence factors of GBS, as well as the types of

currently developed vaccines and the target implementation of GBS vaccines.

1. Serotyping and genotyping of GBS

Serotyping is a serologic test based on identifying the differences in specific antigens of microorganisms to
classify them into groups [17]. GBS serotyping is crucial for the investigation of possible infection outbreaks
as well as to identify possible sources of infection. To date, there are 10 widely known GBS serotypes (Ia, Ib,
and II-IX). These serotypes are categorized based on the capsular polysaccharide (CPS) composition. The
CPS is considered a major virulence factor that hinders phagocytic clearance and assists GBS in evading the
host's defensive mechanism. Serotypes I-V are the most common rectovaginal colonizing GBS in pregnant
women worldwide [3]. Meanwhile, serotype III has been reported to be the most frequent serotype that
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causes disease in infants [18], though it may be less frequent in some South American and Asian countries.
Serotypes VI-IX are more commonly identified as causing disease in infants in Asian countries [3].

Apart from serotyping, the more advanced differentiation of GBS was determined based on its genetic
variants. The genotyping of GBS revealed extensive variation in the genetic background of GBS, even
among the same serotypes. A study in Korea reported that 14 sequence types (STs) of GBS were identified,
with ST1 (20.4%), ST17 (19.4%), and ST19 (18.4%) being the most prevalent. Serotype III was the
dominant serotype capsule expressed by ST17 and ST19 [19]. Meanwhile, a study in China reported 42 STs
among 266 GBS isolates, with ST19 as the most prevalent type. In concordance with the report from the
Korean group, serotype III was mainly comprised of ST17 and ST19 [20]. Additionally, through genotyping,
several virulence factors of GBS were also identified, e.g., cylE, Imb, scpB, rib, BCA [21,22], ctb, sodA, and
ditR [23]. Similarly, several antimicrobial resistance genes were also identified, e.g., Inu(B), Isa(E), aac(6')-
aph(2") [22], ermA, ermB, ermTR, mefA/E, tetM, tetO, and aphA3 [24]. Understanding the serotypes and
genotypes of GBS is important not only for the epidemiology of perinatal GBS infection but also in the

development of GBS vaccines for neonates and pregnant women, as well as in adults.

2. GBS vaccines

The development of GBS vaccines has been initiated for decades [25]. Several predicted factors have slowed
the vaccine development, including the complexity of vaccine tests due to the reluctance of individuals to
participate, understanding the timing of the vaccination, particularly in pregnant women, and confirming
immunity across the placenta, protecting the neonates from GBS infection [26]. Nevertheless, never-ending
efforts have brought progress in the development of vaccine for GBS and may become an attractive strategy
for GBS disease prevention (Fig. 2).
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Fig. 2. Timeline depicting the discovery of factors crucial for GBS vaccine development. CPS, capsular polysaccharide; GBS, Group B
Streptococcus; CDC, Centers for Disease Control and Prevention; ACOG, the American College of Obstetricians and Gynecologists; AAP, the
American Academy of Pediatrics; WHO, World Health Organization.
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2.1 Capsular polysaccharide-based vaccines

The CPS of GBS is a structurally conserved protein that is considered a crucial virulence factor and vaccine
candidate due to its ability to induce a strong immune response against GBS strains. The first generation
of GBS vaccines used unmodified type-specific CPS, i.e., la, II, or IIl. In 1976, a study demonstrated the
importance of maternal antibodies against type III CPS for protection against EOD or LOD in neonates.
Maternal CPS-specific antibodies can be transferred to the newbom via transplacental transmission, which
confers sufficient protection to the newborn against GBS infection [27]. According to Lin et al [28], vaccine-
induced specific antibodies (IgG) against GBS la with a concentration of > Spg/mL in mothers are predicted
to protect EOD in neonates. Subsequently, an analysis of the maternal CPS-specific antibody for GBS
serotypes Il and V demonstrated a decrease in neonatal EOD up to 70% if the vaccine-induced maternal
CPS-specific antibody concentration is > 1pug/mL [29]. However, only 60% of individuals who received the
unmodified CPS vaccine showed an immune response [30].

GBS conjugate polysaccharide vaccines were developed with serotype III coupled to tetanus toxoid to
improve the immunogenicity of the specific CPS used in the vaccine. Later, conjugate vaccines based on
another nine identified GBS serotypes (Ia, Ib, II, IV-IX) were also developed and tested pre-clinically in
animal models [30-32]. The clinical trial of the GBS type Il CPS-tetanus toxoid conjugate (III-TT) vaccine
was conducted on 100 participating women, and a high level of CPS-specific IgG was observed in the sera
from participants [33]. However, this type of vaccine was only effective against specific types of GBS; hence,
to provide sufficient protection against other serotypes, CPS—conjugate vaccines need to be multivalent.

2.2 Bivalent conjugate polysaccharide vaccine

A bivalent conjugate polysaccharide vaccine is a conjugate GBS vaccine that targets two different types of
CPS. In 2003, a bivalent conjugate polysaccharide GBS vaccine containing GBS type II-TT and type III-TT
glycoconjugates was tested in humans [34]. According to the study, bivalent conjugate II-TT/III-TT vaccines
were well tolerated and demonstrated a high increase in GBS 1I- and GBS IlI-specific IgG. Moreover, the
immune serum samples from vaccine recipients promoted the opsonophagocytic against type II and type
I GBS in vitro [34]. However, given that there are more than two types of GBS, bivalent conjugate CPS
vaccines may not be effective; hence, further investigation and the development of more than two GBS CPS—

conjugate vaccines were required.

2.3 Multivalent conjugate polysaccharide vaccine

The multivalent vaccine is designed to give protection against multiple serotypes of the microorganism.
Given that up-to-date GBS is known to have around 10 different serotypes, with more than three serotypes
reported to be the most prevalent at causing disease in infants, pregnant women, or adults [35], a multivariant
vaccine is predicted to provide robust immune protection with high effectiveness against multi-serotypes of

GBS.
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Multivalent GBS conjugate vaccines have been investigated for decades [36] to reduce the GBS disease
burden. The GBS5-CV (with or without an adjuvant) was the first multivalent GBS conjugate vaccine
deployed in Africa, where GBS disease incidence in infants is the highest worldwide [37]. The study reported
that GBS5-CV with or without an adjuvant-induced a robust and functional IgG antibody response against
the GBS serotypes Ia, Ib, II, 111, and V. Accordingly, GBS5-CV was able to cover 96% of the invasive GBS

discase caused by these serotypes in neonates [37].

2.4 Protein-based vaccine

Given that the CPS/CPS-conjugate GBS vaccines only give serotype-specific protection, the emergence of
non-target serotypes could reduce the vaccine's effectiveness. Protein-based vaccines are believed to possess
the potential to not only confer protection across all GBS serotypes but possibly reduce concern regarding the
emergence of non-target serotypes following vaccine administration [38]. Currently, protein-based vaccines
for GBS are in the clinical trial stage. In 2021, an efficacy study of a prototype vaccine consisting of the fused
N-terminal domains of the AlphaC and Rib surface protein GBS (GBS-NN) demonstrated a significantly
increased antibody concentration in response to two doses of 50 ug of the GBS-NN vaccine in the presence
of an adjuvant. Additionally, this study also demonstrated that the vaccine was well tolerated by most of the
240 healthy adult non-pregnant participants [39]. Subsequently, in 2022, a follow-up study demonstrated
robust IgG and IgA responses against AlphaC and the Rib surface protein, which are a component of the
GBS-NN vaccine, as well as against the heterotypic Alp family members Alp1-Alp3 [40]. This study also
demonstrated that protein-based vaccine-induced IgG mediates opsonophagocytic killing and prevents

bacterial invasion into epithelial cells [40].

3. Vaccine based on the target

Although GBS is commonly colonized in the vaginal tract of pregnant women, colonization in the elderly
has been reported sporadically. Additionally, colonization in pregnant women likely leads to neonatal
infection; hence, determining the target of vaccination is also considered a crucial factor in the development

of GBS vaccines.

3.1 Maternal GBS vaccination

Given the high incidence of GBS infection in infants due to the vertical infection from their mothers, the
main target of the GBS vaccine is pregnant women. According to the U.S. Centers for Disease Control and
Prevention, around 15% to 40% of pregnant women are colonized with GBS in the vaginal tract or rectum.
GBS may also colonize the infants if the mother is colonized with GBS; colonization in infants can occur
before or during delivery [41]. However, although pregnant women are considered the main target, several
factors, such as lack of awareness and understanding of GBS, may become obstacles in the implementation
of the vaccination. Additionally, with the current status of GBS vaccines, which are still in clinical trial

phase III, many are doubting the safety of tested vaccines. Hence, for the preparation and implementation
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of a GBS vaccine, an effort to increase awareness among pregnant women about GBS infections, as well
as the benefit for the infant and the actual result of each phase trial to improve the acceptability of currently
recommended maternal vaccines should also be considered. Among GBS vaccines that are being developed,
the GBS vaccine by MinervaX recently completed its second phase II clinical trial in pregnant women across
Denmark, the UK, and South Africa [42].

3.2 Adults and elderly vaccination

Compared to the cases in pregnant women and infants, GBS infection cases in adults and the elderly are
considered lower. However, a recent study discovered that the incidence and burden of GBS infection in
adults and the elderty may be higher than previously thought [43]. Indeed, most studies describing the burden
of GBS in adults and the elderly have mainly focused on the result of blood cultures [44]. Nevertheless,
studies have reported that GBS also causes infection in the soft tissue, bone, joints, urinary, respiratory tract,
and skin [45,46]. Hence, the adult and elderly population is also at great risk of GBS infection. In 2004, a
study reported that a type V GBS CPS-conjugate vaccine, administered in 32 healthy adults (65-85 years
old), was able to elicit significant increases in type V CPS-specific IgG, IgM, and IgA antibodies, which
promoted the opsonophagocytic killing of type V GBS in vitro [47]. Additionally, by April 2023, MinervaX
also announced its initiation of phase I clinical trial of the fusion protein-based GBS vaccine in the older adult

population aged 55 to 75 years old [48].

Conclusion

Since the first attempt at developing a GBS vaccine, several candidates have completed their initial clinical
trial in humans. Additionally, expanding the target of GBS vaccines to the elderly population, including
people with a high risk of GBS infection, is a very important step in the battle against GBS. Furthermore,
deploying the GBS vaccine in regions where IAP is poorly available may provide a benefit in reducing the
risk of GBS infection in neonates. Although, up to date, the licensing of the GBS vaccine remains difficult,
awareness regarding the benefit of the GBS vaccine for controlling disease in pregnant women, infants, and
non-pregnant adults increased; therefore, more people may participate in clinical trials and accelerate the

licensing of GBS vaccines and their implementation for the prevention of severe GBS infection..
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