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Purpose of review

Infrapartum antibiotic prophylaxis (IAP) is currently the only recommended preventive approach against
clinical consequences of maternal Group B Streptococcus (GBS) colonization. In this review, we discuss
new findings of total perinatal GBS burden and relative effectiveness of differing targeting of IAP, notably
microbiology-based and risk factor-based screening, including potential limitations. Finally, we provide
updates on maternal GBS vaccines and their potential cost-effectiveness in disease reduction.

Recent findings

Updated estimates of the burden of GBS related to pregnancy outcomes show (1) early-onset GBS disease
incidence and deaths are high in some low- and middle-income countries where IAP has not been
implemented and (2) late-onset GBS disease, preterm birth, and stillbirth, which are not preventable by IAP,
remain a public health problem in both high and low-middle income settings. Observational evidence
indicates that microbiology-based screening may be more effective than risk factor-based screening, but
even in high-income countries, compliance is imperfect. To address the need for alternative prevention
strategies, several maternal vaccine candidates are in clinical development, and modelling suggests these

could be cost-effective in most scenarios.

Summary

Recent progress in GBS vaccine research holds promise of reducing the large and preventable burden of
mortality and disability caused by GBS disease, especially in higher-burden settings where clinical and
laboratory services may be limited. Importantly vaccines also hold potential to prevent GBS stillbirths and

GBS-associated preterm births.
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INTRODUCTION

For decades now, it is known that Group B streptococ-
cus (GBS) is a leading cause of neonatal infection in
high-income countries and is associated with frequent
morbidity and mortality. Recent estimates suggest that
GBS infection is in fact a global problem, with a large
fraction of the associated burden in low- and middle-
income countries [1*"]. Indeed, it was estimated that
~20 million pregnant women worldwide were colon-
ised by GBS in 2020 and almost 400,000 children
presented with either early-onset GBS (EOGBS, pre-
senting 0-6 days after birth) or late-onset GBS (LOGBS,
presenting days 7-89 after birth). Furthermore, over
90,000 infant deaths were estimated to occur, nearly
half of which in Sub-Saharan Africa.

Much of the clinical research on perinatal GBS
infection has been on infant invasive disease. How-
ever, this pathogen is also associated with other
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health outcomes [2] (Fig. 1), including as a causative
factor for stillbirths [3], and a risk factor for preterm
births [4] and for long-term sequelae in survivors of
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KEY POINTS

e Public health importance: Recent estimates of the
disease burden caused by GBS, assuming current IAP
policy coverage suggest nearly 400,000 cases of both
EOGBS and LOGBS disease in 2020, with 91,000
deaths and frequent neurodevelopmental impairment
after GBS disease. Importantly there were also an
estimated 46,200 (20,300-111,300) stillbirths due to
GBS and up to 518,100 (34,900-1,142,300)

associated preterm births.

e Screening and treatment: Two strategies for provision of
targeted antibiotic prophylaxis (i.e., IAP) for reduction
of EOGBS disease, both supported by observational
evidence, are currently in use: microbiology-based
screening (35 countries) and risk factor-based
screening, which has been adopted in fewer countries.
Most countries where GBS burden is highest do not
have an IAP policy or have low policy coverage. No
screening is available for late-onset disease.

e Vaccines: Several maternal GBS vaccine candidates
are moving towards phase Ill trials and have the
potential to impact more outcomes than IAP, including
late-onset disease, stillbirths, preterm birth, and
maternal GBS outcomes and be cost-effective.

acute disease [5,6"%,7,8,9%,10"]. It was estimated
that 46,200 (95% posterior interval 20,300-
111,300) stillbirths resulted from in utero GBS infec-
tion in 2020, and up to 518,100 (36,900-1142,300)
preterm births might have been associated with GBS
colonisation [1**]. The many potential negative con-
sequences of maternal GBS colonisation imply the
need for an effective prevention approach that can
reduce the risk of multiple outcomes (Fig. 2).

Here, we discuss the preventive approach cur-
rently in use, intrapartum antibiotic prophylaxis
(IAP), which provides protection against EOGBS.
Whilst maternal GBS vaccines, that is, vaccines to be
given to pregnant women to protect their neonates,
are not currently available, they are under develop-
ment and will also be discussed. The objectives of this
review are:

(1) To review the evidence and compare two
approaches to identify pregnant women to
receive IAP,

(2) Toupdate on maternal GBS vaccine development,

(3) To discuss the potential impact of these two
prevention strategies (IAP and vaccine) on
clinical outcomes.
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FIGURE 1. Disease scheme for outcomes of Group B Streptococcus (GBS). The blue solid line arrows indicate later
impairment, the black solid line arrows indicate death, and the blue dashed line arrows indicate healthy development.
Figure adapted from Lawn JE et al. Clinical Infectious Diseases 2017 (2).
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Outcome Description

Prevention strategies
Intrapartum antibiotic
prophylaxis

GBS maternal vaccine

GBS maternal colonization
any time during pregnancy

Pregnant women with GBS isolated from rectovaginal or peri-anal region at

N/A —included in selection
criteria

Maternal GBS disease
postpartum) with clinical signs of sepsis

GBS isolated from pregnant or postpartum women (up to 42 days

Preterm birth associated with

GBS colonization maternal GBS colonization

Delivery prior to completion of 37 weeks of gestation from mother with

Dependent on time of
immunisation

Stillbirth GBS invasive disease
signs of life and evidence of GBS invasive disease

Birth of fetus weighing >1000g and/or 228 weeks gestational age with no

Neonatal encephalopathy
encephalopathy, and intrapartum-related death

GBS isolated in cases of neonatal encephalopathy, hypoxic-ischaemic

Neonatal and Infant

GBS isolated in infant aged 0-6 days with signs of clinical disease,

impairment in children onset invasive infant GBS disease

after GBS invasive

onset

Early-
GBS invasive disease onsgt including meningitis or sepsis
Late- GBS isolated in infant aged 7-89 days with signs of clinical disease,
including meningitis or sepsis
onset
Neurodevelopmental Early- | Cognitive and/or motor, vision, or hearing impairment in survivors of early-

By reducing number of children with EOGBS

Late-
onset

disease
onset invasive infant GBS disease

Cognitive and/or motor, vision, or hearing impairment in survivors of late-

By reducing LOGBS

Legend:

Unclear evidence of protection

May offer some pr:

of pr

FIGURE 2. Definitions for GBS outcomes and the potential pathways of prevention comparing intrapartum antibiotic
prophylaxis and maternal vaccines. Red indicates no evidence of protection, orange indicates unclear evidence of protection,
yellow indicates evidence that it may offer some protection, light green indicates evidence of protection and dark green
indicates strong evidence of protection. Definitions adapted from Lawn JE et al. Clinical Infectious Diseases 2017 (2).

GBS SCREENING AND INTRAPARTUM
ANTIBIOTIC PROPHYLAXIS

The current approach to prevent GBS disease in early
infancy consists of identifying pregnant women
whose newborns are at higher risk of developing
invasive disease and administering intravenous
antibiotics, for at least 4 h, after onset of labor. This
strategy, referred to as IAP, has been adopted in 60 of
95 countries included in a recent review [11]. Two
different methods are used to identify at-risk new-
borns: microbiology-based screening and risk factor-
based screening (Table 1). In the next subsections,
these approaches of IAP are described, and evidence
on their comparative effectiveness, discussed.

Microbiology-based screening to identify at-
risk newborns

Maternal colonisation with GBS is necessary for the
development of invasive disease in the first days
after birth, and, consistent with this, epidemiolog-
ical studies have estimated strong associations
between GBS carriage during pregnancy and neo-
natal disease (e.g., unadjusted odds ratio 17.7 95%
confidence interval 1.9-163.5 in [12]). This aspect
of the pathogenesis motivates the use of bacterial
colonisation testing to identify pregnant women
who should receive antibiotics to reduce GBS trans-
mission to neonates.
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This screening strategy has been adopted as part
of IAP policy by at least 35 countries [11], primarily
high-income, and involves collection of rectal and
vaginal swabs for GBS detection. Until recently, in
the US, the gestational age window for GBS screen-
ing was 35 to 37 weeks based on guidance by the
Centers for Disease Control and Prevention; this has
recently changed and the current recommendation
from the American College of Obstetricians and
Gynecologists is for microbiological sampling to
occur between weeks 36-0/7 and 37-6/7 of gesta-
tional age [13"]. There is variation between countries
both in terms of timing and anatomical location of
swab sampling [11].

Culture is the most used diagnostic method, with
selective enrichment broth medium having higher
sensitivity compared to other culture-based methods
(see [14"] for recommendations on sample collection,
transport, and detection). Other approaches, how-
ever, have promise, including polymerase chain reac-
tion (PCR)-based methods; indeed, recent studies, in
various settings, suggest molecular biology methods
are sensitive, particularly when a step with selective
enrichment broth is used [14"].

An underlying assumption of the microbiology-
based approach is that GBS colonisation at screening
time is a good predictor of colonisation at delivery.
Three challenges affect this strategy: (1) some GBS
carriers will clear their infections by delivery, which
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Table 1. Comparison of universal microbiology-based and risk factor-based screening for GBS in pregnancy

Microbiology-based screening

Risk factor-based screening

Resources Infrastructure to perform the assay, which will vary depending
on culture method or PCR-based method. For intrapartum
testing, a 24-h infrastructure needs to be in place. ASM
recommends enrichment broth for both methods.

Timing Culture based: depends on method, but usually 24-48 h

For assessment of presence of most risk
factors, GBS testing is not required; note
however that in settings where history of
GBS detection is part of screening, testing
infrastructure would have been necessary.

No time delays as testing not required.

Molecular biology based: < 2h if used without enrichment
broth step (it can be used for intrapartum screening)

Selection of pregnant
women for IAP

Based on diagnostic testing. In many countries where this
screening approach has been adopted, some risk factors are

Based on the presence of risk factors.

used in combination with microbiology-based screening to
define the population that should receive AP

Antibiotic treatment

Penicillin, Ampicillin

First Generation Cephalosporin or Clindamicyn if penicillin allergy
Vancomycin if penicillin allergy and clindamycin resistance

Resistance
considerations

There is only limited evidence of Penicillin resistance in GBS isolates [48-50]. On the other hand, resistance to
Clindamycin is frequent in some settings (e.g., 20.8% in the US [20])

implies they will receive antibiotics despite their
newborns not being necessarily at higher risk of
disease; (2) a fraction of pregnant women who are
GBS-colonised at screening might have false nega-
tive culture results; (3) some pregnant women who
were truly uninfected at screening become colon-
ised by delivery.

Evidence for these different challenges has been
reported in various settings. For example, a recent
French study suggested ~40% of pregnant women
with evidence of GBS colonisation at 35 to 37 gesta-
tional weeks were not colonised at delivery [15] and
in 18 US clinical centers, 53% of infants with EOGBS
sepsis were born to women with negative GBS
screening [16]. Sensitive diagnostic methods with
a shorter time-to-result could be used for intrapar-
tum screening, and potentially reduce these prob-
lems. PCR-based methods have been assessed in
clinical studies (15-17) and their future wider use
will likely depend on associated costs [17].

Despite these difficulties in identitying GBS-
colonised pregnant women, a recent meta-analysis
of observational data estimated microbiology-based
screening reduced EOGBS risk by approximately
70% and 60% compared to no preventive policy
or risk factor-based approach, respectively [18"].
However, some studies in that meta-analysis used
historical, rather than concurrently recruited, com-
parator cohorts. In one large study (N=5144), per-
formed in the US, microbiology-based screening
resulted in a lower risk for EOGBS (adjusted relative
risk 0.46 95% confidence interval 0.36 — 0.60; refer-
ence, risk factor-based screening) [19]. Studies
that assessed population-level incidence over long
periods of time provide additional observational
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evidence of the effect of this strategy. For example,
in the US [20], the incidence went from 0.37 per
1000 live births in 2006 to 0.23 in 2015; a similar
pattern was observed in France [21]. However, this
approach of IAP, as well as the risk factor-based
approach discussed below, does not affect LOGBS
incidence to the same degree or at all [21,22]
Although microbiology-based screening and IAP
is an effective approach against infancy GBS disease,
several factors complicate its implementation and
even in countries where diagnostic methods are
widely available, compliance is not perfect. In a study
from the US, 85% of pregnant women were screened
for GBS colonisation, only half of them were known
to be tested at week 35 or later of gestation, and of
those who tested positive for GBS carriage 87%
received antibiotics [23]. Two recent analyses of
American data reported that 21.8% [20] and 37.5%
[16] of EOGBS cases did not receive IAP despite indi-
cation. Evidence of inadequate policy compliance has
also been reported in other high-income countries
[24,25]. If coverage is improved, additional reduc-
tions in EOGBS incidence should be possible, but
may be increasingly expensive per case treated.

Risk factor-based screening

The other approach to identify at-risk newborns is
based on known risk factors for GBS neonatal infec-
tion, including fever, preterm delivery, GBS bacter-
iuria, prolonged rupture of membranes, and a
previous child with EOGBS [11]. The advantage of
this strategy compared to microbiology-based
screening relates to its lower cost, as no diagnostic
tests are performed, and to the potentially lower
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number of antibiotic doses administered, although
similar frequencies of antibiotic use have been
reported with the two screening strategies [19].

Fewer countries currently use this approach,
including the UK, Denmark, and the Netherlands,
among others. There is evidence of EOGBS incidence
reduction in some countries (e.g., Sweden [26], Den-
mark [27], and New Zealand [28]). However, in the
Netherlands there was an increase in incidence
between 1987 and 2011 (Dutch screening guidelines
introduced in 1999) [29], possibly related to the
expansion of GBS virulent lineages [30]. A contribu-
ting explanation for the limited effectiveness of this
approach is the large fraction (~40%) of early-onset
cases in newborns of mothers who do not present risk
factors [26,28]. However, this evidence is primarily
observational. A large clinical trial currently under-
way in the UK aims to compare microbiological-based
screening using culture at 35 to 37 weeks, intrapartum
PCR testing at start of labor, and risk factor-based
prevention [31]. As with microbiology-based screen-
ing, issues of coverage and compliance are also
present in this type of screening.

MATERNAL GBS VACCINE CANDIDATES

Although microbiology-based screening with IAP
reduces EOGBS incidence, additional approaches

are needed to prevent LOGBS, GBS-associated still-
birth, preterm births, and maternal infections [2].
GBS vaccines are promising. Milestones set in the
Defeating Meningitis Roadmap call for licensure and
WHO-prequalification of an affordable maternal
GBS vaccine by 2026 and vaccine introduction in
at least ten countries by 2030 [32"]. As with immu-
nisation with tetanus toxoid, pertussis, and influ-
enza, the protective mechanism of maternal GBS
vaccines would involve placental transfer of GBS
antibodies to ensure protection when risk of inva-
sive disease is highest [33].

Two vaccine development approaches have
been prioritised: vaccines based on capsular poly-
saccharides and protein-based vaccines. Multivalent
capsular polysaccharide vaccines include candidates
in various stages of development (Table 2). As six
GBS serotypes (Ia, Ib, 11, I1I, IV, V) account for most
disease burden [34], Pfizer designed a hexavalent
vaccine (GBS6) to target these serotypes; Phase 2
evaluation to assess the safety and immunogenicity
in pregnant women is currently underway
(NCT03765073) and Phase 3 trials are set to start
in 2023 [35]. Another candidate, developed by
PATH, a global public health non-profit organiza-
tion, and Inventprise, a vaccine manufacturer, to
address the need for low-cost vaccines, is a

Table 2. GBS vaccine candidates in the development pathway

Vaccine candidate Serotype target

Preclinical Phase 1

Trials in
Pregnant

Phase 2 Women Phase 3 Trial locations

Polysaccharide conjugate vaccines

Monovalent and bivalent TT monovalent: la, N
conjugates (TT / CRM197 CPS) Ib, 11, 1lI, IV, V,
VIe, VIIe, VI
TT bivalent: I, lll
CRM197
monovalent: V
Trivalent CRM197-CPS la, b, Il N,
conjugates
Pentavalent TT CPS conjugates TBC J
Hexavalent CRM197-CPS la, Ib, II, I, IV, V J
conjugates
Biotinylated CPS conjugates N

Protein-based vaccines

N-terminal domains of the N/A J
Rib and AlphaC proteins

Pilus proteins N
Other proteins J

J J J No longer in
development
J V V No longer in
development
J TBC

South Africa, UK,
US, Uganda

Denmark, South
Africa,
Uganda, UK

“Only in preclinical trials.
bPlanned for 2023.
TBC, to be confirmed.

1040-8703 Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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multivalent vaccine currently in Phase 1 develop-
ment [36].

Protein subunit vaccines could potentially cover
more GBS strains and address concerns surrounding
potential serotype replacement, as described for cap-
sular polysaccharide pneumococcal vaccines [37], or
capsular switching, which has been observed with
natural GBS infection [38]. While several protein-
based vaccines are in preclinical development, one
candidate, developed by Minervax, targeting the N-
terminal domain of the family of alpha-like surface
proteins (GBS-NN) was found safe and immunogenic
innonpregnant women (Table 2), and isnow in Phase
2 trials to evaluate immunogenicity and safety in
pregnant women (NCT04596878, NCT05154578).

In 2022, the vaccine candidates GBS6 and GBS-
NN were awarded PRIME status by the European
Medicines Agency, which means enhanced support
for the development as GBS vaccines are considered
an unmet need [39-41]. Phase 3 trials are expected
to start for both vaccines in 2023 [35,41].

Complexities in developing pregnancy vac-
cines, misconceptions regarding the success of
IAP, and key data gaps in the global burden have
contributed to the sluggish advancement of GBS
vaccines [42]. As vaccine development progresses,
a potential obstacle to licensure is the sample size
needed in a Phase 3 trial to assess efficacy against
invasive disease. Indeed, it has been estimated that
such a trial would require 30,000-1800,000 partic-
ipants, depending on vaccine efficacy and disease
incidence, and would therefore require significant
time and resources [37]. A recent review summarised
the potential paths to licensure for GBS vaccines
[43™]. Compared to the conventional approval
pathway, an accelerated approval pathway by regu-
latory authorities, such as the US Food and Drug
Administration or the Medicines and Healthcare
Products Regulatory Agency, might lead to licensure
of a GBS vaccine based on a surrogate immunolog-
ical endpoint and use in pregnant women. Such an
approach was favourably discussed during the Vac-
cine and Related Biological Products Advisory Com-
mittee in May 2018 and could allow licensure based
on serocorrelate of protection followed by a confir-
matory effectiveness study postlicensure. Alterna-
tively, an immunological endpoint could be
nested in a trial with a clinical endpoint, where trial
size would be based on the clinical endpoint, and
immunogenicity results could be used for acceler-
ated approval, before efficacy estimates based on
disease become available [43™]. Both approaches
rely on validated serological correlates of protection
using standardised assays. For this reason, a consor-
tium was established to develop standardised assays
and reagents. The results of these interlaboratory
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studies have shown good agreement between labo-
ratories using standard reference reagents and pro-
tocols [44]. Serocorrelates of protection studies
using natural immune sera are currently underway
in the UK, USA, South Africa, and in the PREPARE
consortium (Malawi, Uganda, Netherlands, France,
Italy) to establish the concentration of antibodies
associated with a risk reduction threshold for inva-
sive disease [45].

POTENTIAL IMPACT OF PREVENTION
STRATEGIES

IAP prevents the outcome with peak incidence
immediately after birth, early-onset disease. How-
ever, even in Europe and North America, where
policy coverage is highest, thousands of EOGBS
cases still occur every year. Equally importantly, risk
of LOGBS, which more often presents as meningitis,
is not reduced by IAP. Given the risk of moderate/
severe neurodevelopmental impairment after GBS
meningitis, estimated at 20.7% (95% posterior inter-
val 16.1-25.6) [1""], it is possible that even where
IAP has reduced EOGBS, considerable burden will
persist due to acute LOGBS and the associated long-
term sequelae. Other outcomes, including GBS-asso-
ciated preterm births and stillbirths are not likely to
be impacted by IAP, although surveillance data from
the US suggest reduced incidence of maternal dis-
ease after IAP implementation [22].

A maternal GBS vaccine on the other hand could
potentially prevent both EOGBS and LOGBS. Indeed,
accordingto an estimation in the Group B streptococcus
Full Value of Vaccine Assessment [46™], ~87,000 late-
onset cases and ~127,000 early-onset cases estimated
to occur annually under current IAP coverage
could be prevented if a vaccine with 80% efficacy
were deployed globally, and as a consequence,
~20,000 moderate/severe impairment cases would
be averted. Although questions remain on how GBS
colonisation increase risk of prematurity or lead to
stillbirth, if maternal vaccines enhance GBS clear-
ance, or prevent colonisation in pregnancy, vaccina-
tion could prevent these outcomes. It has been
estimated that a vaccine with 80% efficacy could
potentially prevent 23,000 GBS-related stillbirths.

Maternal GBS vaccine use could also have the
additional benefit of reducing antibiotic adminis-
tration for IAP and treatment of vaccine-prevented
early-onset and late-onset cases. If we assumed two
scenarios — one in which microbiology-based
screening using culture rather than PCR-based intra-
partum testing [47] would eventually be adopted
universally in the absence of an effective vaccine,
and a second scenario where, with deployment of a
vaccine, IAP would no longer be in use; in the
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second scenario up to ~20 million pregnant women
would not need to receive IAP every year. In reality,
both scenarios are unlikely for different reasons: (1)
adoption of microbiology-based screening is not
feasible in many settings in the near-future, (2) in
many countries a large fraction of births still hap-
pens at home, which precludes intrapartum anti-
biotics; (3) it is unclear whether vaccine availability
would lead to discontinuation of IAP policy. For
example, it is conceivable that for newborns at high
risk of disease, for example, preterm infants, IAP
would still be beneficial in further reducing risk.
GBS vaccine deployment would likely reduce the
global number of IAP- and disease treatment-related
antibiotic doses administered, potentially slowing
spread of antimicrobial resistance, and preventing
possible, but still under-researched consequences to
the microbiome.

CONCLUSION

For the last three decades, IAP has saved lives of
children who may otherwise have developed EOGBS
in some higher income settings, and this strategy
could be improved by better policy coverage and by
improvements in diagnostic methods. However,
common and serious clinical consequences of
maternal GBS colonisation (notably LOGBS, still-
births, and preterm birth) are not prevented by
IAP. Maternal vaccines, which may potentially pro-
vide protection against the different presentations
of this infection and are feasible to scale, could have
a major impact on disease burden, in particular in
limited resourced settings, where incidence is high,
and IAP is challenging to implement. A recently
published WHO report [46"], which calls for the
development of maternal GBS vaccines to reduce
GBS burden, has increased momentum for develop-
ment of GBS vaccine candidates, many of which
have been stuck in the pipeline for decades.
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