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The global burden of Group B streptococcal (GBS) disease remains high and an effective vaccine in pregnancy is
an unmet public health need. GBS vaccines have been in development for decades, with earlier work providing
evidence of immunogenicity and safety but not resulting in a licensed product. More recently, two vaccine
candidates have reached advanced stages of clinical development. This article reviews the progress towards a
GBS vaccine, the challenges that lie ahead and how they might be overcome.

1. Background

Globally, Group B streptococcus (GBS) is an important cause of in-
fant infection-related deaths [1], estimated to have caused 91,900
deaths in 2020 [2]. In high-income countries (HIC) GBS is responsible
for more early-onset infections in the first week of life than any other
bacterial pathogen [3-5]. It causes neonatal sepsis, meningitis and
pneumonia as well as infections in pregnant people and is associated
with stillbirths and preterm births [6].

Vaccination in pregnancy has the potential to prevent a wide spec-
trum of GBS-related disease, in contrast to currently available preven-
tion strategies. A vaccine is both a longstanding, unmet public health
need and an imminent possibility. Here, an overview of progress made
towards this and the obstacles still to be overcome are reviewed.

1.1. GBS pathophysiology overview

Infant invasive GBS disease (iGBS) is typically divided into early-
onset disease (EOD, occurring on days 0-6 of life) and late-onset dis-
ease (LOD, occurring between days 7-89 of life).

In EOD, transmission to the neonate is vertical: colonisation of the
vagina/rectum during late pregnancy leads to ingestion or aspiration of
bacteria either in-utero or during passage through the birth canal,
allowing for bacterial adhesion and invasion via the respiratory or
gastrointestinal tract and leading to sepsis or pneumonia [7], most often
on the first day of life.

LOD pathogenesis is less well defined but involves adhesion of bac-
teria to mucosa and subsequent invasion [7,8] leading to sepsis and in
around 40 % of cases, meningitis [9]. There is a higher risk of disease
linked to certain GBS clonal complexes [10] and a number of GBS
virulence factors are specifically linked to invasion of the blood-brain-
barrier or brain microvascular endothelial cells [11]. Transmission
route is not always clear but may occur after bacterial exposure from a
variety of sources including acquisition at delivery, familial colonisa-
tion, nosocomial transmission, siblings in a multiple birth, breast milk
and others [8]. Prevention of this category of disease is therefore more
challenging and indeed current strategies do not address LOD burden
[12].

1.2. Global epidemiology and burden of invasive infant disease

In a 2024 systematic review and meta-analysis of maternal and
neonatal colonisation rates, a pooled prevalence in pregnant women was
estimated to be 17.1 %, (95 % confidence interval (CI) 14.6-19.6) [13].
In another systematic review and meta-analysis of colonisation in
pregnancy in 2017, 11-35 % of pregnant people were colonised glob-
ally, with significant regional variation: the highest rates reported in the
Caribbean (38 %), a median of 19 % for developed regions and lowest in
Eastern Asia (11 %) [14]. Based on studies in the pre-intrapartum
antibiotic prophylaxis (IAP) era, 50 % of babies born to a colonised
parent are also colonised, resulting in invasive disease in 1-2 % of these
infants [15,16]. The 2024 meta-analysis estimated a pooled prevalence
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for vertical transmission of colonisation in infants of 1.4 % in countries
with >50 % IAP coverage and 34 % in countries with <50 % IAP
coverage [13].

The spectrum of clinical disease primarily includes neonatal sepsis,
meningitis and pneumonia [17]. In 2020, there were an estimated
posterior median of 231,800 cases EOD (95 % posterior interval
114,100-455,000) and 162,200 cases of LOD (95 % posterior interval
70,200-394,400) [2]. The same systematic review also estimated that in
2020 GBS was responsible for 91,900 neonatal deaths (44,800-187,800)
and 37,100 children (14,600-96,200) with moderate to severe neuro-
developmental impairment. Given the burden of GBS meningitis, it’s
mortality and association with poor long-term neurodevelopmental
outcomes, it’s prevention is a key pillar in the World Health Organisa-
tion’s (WHO) defeating meningitis by 2030 roadmap [18]. Africa, and in
particular South Africa, tends to have the highest disease incidence
across both EOD and LOD (1.12/1000 livebirths in Africa) with Asia, in
particular South East Asia, experiencing the lowest disease incidence
(0.30/1000 livebirths) [9]. However, regional variation in case ascer-
tainment remains a challenge for accurate monitoring of global disease
burden.

Beyond infant disease, GBS is also associated with an estimated
518,100 (95 % posterior interval 36,900-1,142,300) excess preterm
births and 46,200 stillbirths (20,300—111,300) as well as a significant
burden of disease in pregnant people [2]. Whilst disease incidence varies
with geographical region [6], the greatest burden of morbidity and
mortality is almost always experienced in low and middle income
countries (LMICs), with sub-Saharan Africa, for example, representing
an estimated 55 % of global GBS related infant deaths and south east and
central Asia experiencing a high burden of GBS-related stillbirth [2].

2. Current prevention strategies

The predominant prevention strategy against infant invasive GBS is
IAP which is implemented variably across regions. This involves
administering intravenous antibiotics, most frequently a penicillin, at
the time of delivery in the presence of either known GBS colonisation or
known risk factors for EOD. The implementation of IAP has led to a
significant reduction in EOD in high-income countries (HICs) [19] but
has had no impact on LOD, disease in pregnant people, stillbirth and
preterm birth [20].

Implementation of IAP is usually either via a universal GBS screening
policy (via rectal and/or vaginal swabs obtained in late pregnancy) or a
risk-based policy. The majority of HICs conduct universal screening; in
the US for example, this has been in place since 2002 with widespread
high uptake of testing [20]. The UK has adopted a risk-based policy,
meaning IAP is indicated in the presence of risk-factors such as previous
infant with invasive disease, GBS bacteriuria, intrapartum fever and
preterm delivery [21]. Despite this, an increasing burden of EOD has
been demonstrated in the UK through two enhanced surveillance studies
conducted 15 years apart (2000-1 [22] and 2014-15 [23]): from 0.48/
1000 livebirths (95 % CI 0.43-0.53) to 0.57/1000 livebirths
(0.52-0.62).

There have been no randomised controlled trials comparing risk-
based and universal screening approaches to EOD prevention. A large
US retrospective cohort study [24] included over 600,000 births and
estimated the relative risk of EOD for universal screening vs risk-factor
screening-based IAP to be 0.46 (95 % CI 0.36-0.60). A recent meta-
analysis [25] similarly found a reduced risk of EOD using a universal
screening vs a risk-based policy (RR 0.43, 95 % CI 0.32-0.56).

Aiming to answer this question for a UK population, the GBS3 trial is
a large, UK-wide cluster randomised trial of universal screening, either
at delivery or antenatally, vs risk-based screening with a primary
outcome of all-cause early-onset neonatal sepsis [26]. This study has
completed recruitment and results are awaited.

IAP has thus far proven a relatively low-cost and successful inter-
vention against EOD but has a number of limitations.
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2.1. Limitations of current prevention strategies

A multistate surveillance study in the US [17] found that in 48 % of
EOD cases between 2006 and 2015, IAP was not apparently indicated, i.
e. almost half of EOD cases were not preventable by the available pre-
vention strategy, predominantly due to a negative GBS screening result.
This study [17] also found that even when IAP was indicated, 22 % of
cases still did not receive it. This demonstrates the barriers to effective
delivery of IAP, even in resource-rich settings. In resource-limited set-
tings the delivery of IAP can be even more challenging, where access to
screening as well as administration of the antibiotic may not be
consistently available, if at all [27].

In a recent meta-analysis of risk-based vs universal screening IAP
[25], 41 % of EO disease cases occurring in a risk-based IAP policy
setting did not present any risk-factors that would trigger IAP. In uni-
versal screening settings, 24 % of EO cases were born after a negative
screening result.

Overall, it has been shown that IAP is given in around 30 % of de-
liveries, in both risk-based and universal screening settings [25]. This
extensive administration of antibiotics contributes to antimicrobial
resistance (AMR) rates in invasive isolates, with reduced susceptibility
demonstrated at low but increasing rates to beta-lactams [28] and at
concerningly high rates to tetracycline and macrolide antibiotics
[29,30]. It is important to distinguish between resistance to antibiotics
which are commonly used to treat invasive disease (penicillin, genta-
micin for example) and those antibiotics used for IAP (penicillin, mac-
rolide and vancomycin resistance) as these differences guide antibiotic
guidelines and policies. For example, for those with penicillin allergy,
alternative antibiotic choice has often been macrolides such as eryth-
romycin and clindamycin. Resistance to these antibiotics is found in
between 30 and 35 % of isolates, worldwide [30]. IAP is also associated
with negative effects on the neonatal microbiome [31].

Whilst effective against EO disease, IAP is not able to impact the
burden of LO disease, GBS related preterm birth, stillbirth or maternal
disease. A GBS vaccine given in pregnancy, by contrast, could address
the full spectrum of disease, as well as the problem of AMR, and is widely
accepted as the best option for prevention, officially recognised by the
WHO as a priority in 2015 [32].

3. A GBS vaccine
3.1. Vaccine development: A long history

Vaccination as a strategy for prevention of iGBS has been supported
by decades of previous work. In the 1930’s Rebecca Lancefield
demonstrated that protection against GBS infection in mice could be
achieved using capsular polysaccharide (CPS)-specific rabbit sera [33].
Pivotal studies by Baker and colleagues showed that low levels of
naturally occurring maternal antibody to CPS correlate with suscepti-
bility of the neonate to iGBS disease for serotype III [34]. This work was
subsequently replicated for serotypes Ia and Ib [35].

A number of mono, bi and multivalent polysaccharide-protein con-
jugate vaccines against serotypes Ia, Ib, II, III, and V have been studied in
pre-clinical and clinical trials, in non-pregnant and pregnant people
[36-40]. These candidate vaccines were demonstrated to be safe,
immunogenic and to result in placental transfer of antibody with
persistence of antibody in infants to at least two months of age [37]. GBS
vaccines have traditionally targeted the CPS, but a more recent focus of
vaccine development has included conserved surface proteins. None of
these vaccines have yet progressed beyond phase II trials, although
important lessons were learned along the way. For example, the triva-
lent CPS conjugate vaccine from GSK/Novartis employed reverse vac-
cinology for its development, thereby identifying several novel GBS
antigens [41].
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3.2. Vaccine targets and their global distribution

CPS is an important virulence factor of GBS and the most studied
vaccine target [42]. There are 10 antigenically distinct capsular sero-
types (Ia/Ib and II to IX). Of these, six serotypes cause over 95 % of
infant invasive disease [6,9]. The most extensively examined surface-
protein vaccine targets are the highly conserved Alpha-like protein
(Alp) family [43]. These cell-wall anchored membrane proteins each
have a functionally active N-terminal domain and almost all invasive
isolates express at least one of the six Alp family antigens: Alpha C, Rib,
Alpl, Alp2, Alp3 and Alp4 [29].

Estimates of the CPS serotype distribution, as well as expression of
AlpN, in invasive isolates globally, are important in our understanding
of the potential impact of these candidate vaccines. A meta-analysis of
iGBS looked at global distribution of CPS-type across 6500 isolates [9]:
overall, serotype III was responsible for 61.5 % of all infant disease, Ia
19.1 %, followed by V and Ib. This analysis demonstrated most serotype
variability among EOD isolates with LOD being predominantly caused
by serotype III (71.5 %). Whilst there is significant regional variation in
serotype distribution, serotypes III and Ia still dominate in all regions.

In both a multicentre surveillance study in China [44] and a US
multistate surveillance study [29], at least one of four AlpN proteins
(Rib, Alpha C, Alpl, Alp 2/3) were expressed in over 98 % of infant
invasive isolates. Expression of the Rib protein broadly corresponds with
capsular serotype III: in the US surveillance study, 54.7 % of the 506
isolates from young infants were Rib positive with 89.2 % of these being
serotype III*° and in the surveillance data from China, Rib protein
expression was found in 93.3 % of serotype III isolates [44]. Another
study of South African iGBS isolates [45] found at least one Alp-family
protein expressed in 92 % of 648 invasive isolates with Rib predom-
inating in 58.2 % of these and Alp1 in 21.5 %.

3.3. Vaccine candidates

There are GBS maternal vaccine candidates in early stages of
development [46], including IVT GBS-06, a hexavalent polysaccharide

GBS6 Hexavalent CPS vaccine
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non-adjuvanted conjugate vaccine manufactured by Inventprise, Inc.
and supported by PATH. IVT GBS-06 has entered phase I/II trials in
healthy, non-pregnant women [47] (NCT06611371). The vaccine covers
serotypes Ia, Ib, II, III, V, VII and a dose-finding study evaluating three
dose levels started in November 2024 in the US and South Africa. GSK’s
Vaccine Institute for Global Health (GVGH) has recently published a
proof of concept study for a new formulation of their polysaccharide
conjugate vaccine, conjugated to nanoparticles and virus-like particles
[48].

However, the two vaccine candidates that are most advanced in
clinical development have both undergone phase II trials in pregnant
individuals. GBS6 is a hexavalent conjugate vaccine developed by Pfizer,
Inc. [49] and GBS-NN/NN2 is a 2-component fusion-protein vaccine
developed by MinervaX [50].

GBS-NN/NN2 contains 2 fusion proteins; GBS-NN consisting of the
N-terminal domains of Rib and AlpC and GBS-NN2 consisting of Alp1-N
and Alp2/3-N. GBS6 contains equal amounts of CPS from serotypes Ia,
Ib, II, IIL, IV, V, all individually conjugated to CRMj97 protein.

Figs. 1 and 2 show a summary of key studies in the clinical devel-
opment of the vaccine candidates, GBS6 and GBS-NN/NNZ2, to date.

For the GBS6 vaccine, dose-escalation trials in both non-pregnant
and pregnant adults have demonstrated a good safety profile with a
robust immune response, persisting to six months after a single dose of
vaccine [49,51]. A 20 microgram per serotype dose has been found
optimum for immunogenicity and has been selected for progression to
further trials. This dose resulted in higher IgG concentrations in infants
at birth when given between 27 and 36 weeks gestation [51]. An
aluminium hydroxide adjuvant was shown not to enhance immunoge-
nicity, and to result in increased frequency of pain at the injection site
[49,51] and so has not been included in subsequent trials. Trials of a
booster dose at 2 years and co-administration with the tetanus, diph-
theria and acellular pertussis vaccine have also been carried out as well
as a phase II in pregnant people living with HIV.

For the AlpN GBS vaccine, development of the single component
formulation, GBS-NN demonstrated a good safety profile and was
immunogenic in phase I trials in healthy non-pregnant females [43].
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Fig. 1. Overview of key studies in the development of the hexavalent capsular polysaccharide conjugate vaccine candidate for GBS.
Abbreviations: IgG — Immunoglobulin G, AIPO4 — Aluminium Phosphate adjuvant, Tdap — Vaccine containing tetanus, diphtheria, acellular pertussis antigens, HIV —
human immunodeficiency virus, ST — serotype, AIPO4 — Aluminium phosphate adjuvant, GMC — Geometric mean concentration, RCT — Randomised controlled trial.
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AlpN GBS Fusion protein vaccine
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Fig. 2. Overview of key studies in the development of the two-component fusion-protein vaccine candidate for GBS.
Abbreviations: IgG (1) — Immunoglobulin G (class 1), AIOH — Aluminium hydroxide adjuvant, HIV — human immunodeficiency virus, ST - serotype, GMC — Geometric

mean concentration, RCT — Randomised controlled trial.

However, although responses to vaccine homotypic Alp antigens were
consistent, responses to vaccine heterotypic antigens were variable [52].
An N-terminal domain for Alp 1 and Alp 2/3 was therefore added in a
second-generation formulation and GBS-NN/GBS-NN2 has continued in
development. This formulation also demonstrated a good safety profile
with injection site pain being the most frequently reported symptom
[50]. An aluminium hydroxide (AIOH) adjuvant slightly increased
reactogenicity but also significantly improved immunogenicity. Dose-
finding and dose confirmation studies in non-pregnant adults selected
a 50 pg dose with adjuvant [50]. A phase II trial in pregnant participants
has shown that there is flexibility in scheduling with a 2 dose schedule at
either 22 and 26 or 30 weeks gestation, or a single dose at 26 weeks,
robustly immunogenic, allowing different schedules for implementation
[53]. A booster dose trial and a phase II in pregnant people living with
HIV have been carried out [54,55].

3.4. Barriers to progression

Progression to phase III, clinical efficacy trials has not been possible
to date, predominantly due to the prohibitively large sample size of
pregnant people and infants required for efficacy outcomes [56]. It is
estimated that to demonstrate a vaccine efficacy of 80 % with a popu-
lation disease incidence of 0.5-1.0/1000 livebirths, 62,000-122,000

pregnant people and their infants (120-250,000 participants) would
need to be enrolled. In addition, as the disease endpoint is challenging to
assess due to the rapid onset and progression of infant illness and the
requirement for invasive samples for diagnosis it would require a so-
phisticated and comprehensive trial infrastructure. These factors render
a clinical efficacy trial logistically challenging, time-consuming and
commercially unviable.

Each vaccine candidate will also face its own challenges on the path
to licensure. Much of the GBS vaccine-related research to date, including
natural immunity studies, have focused on CPS antibody, so supportive
evidence for CPS-based vaccines is more available than for surface-
protein-based vaccines, although natural immunity and correlate of
protection work has also been undertaken for the alpha-like proteins
vaccine targets [45,57]. Standardisation of assays is also more advanced
for anti-CPS IgG quantitative and functional assessments than for other
antibodies such as AlpN IgG. An international consortium has published
on standardising and validating these assays [58-60].

However, for CPS-based vaccines there is also the possibility of
serotype escape or capsular switching [61], as has been seen with other
encapsulated organisms such as pneumococcus [62], whereas protein-
based vaccines might maintain longevity of isolate coverage. Serotype
replacement may be less likely for GBS than pneumococcus however,
due to a smaller number of serotypes and the variation in virulence
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between GBS serotypes.

WHO published preferred characteristics for a GBS vaccine in 2017
[63] which gave vaccine manufacturers confidence to continue devel-
opment, despite these challenges. WHO continues to support the
development of GBS vaccines in pregnancy as a priority, publishing a
full vaccine value assessment [32] and most recently, the clinical and
regulatory development strategies for GBS vaccines in LMICs [64].
Additionally, both candidates have been given PRIME designation
(Priority Medicine) by the European Medicines Agency (April 2022 for
GBS6 [65] and September 2022 for AlpN GBS [66]) and granted Fast
Track Designation by the U.S. Food and Drug Administration (FDA)
(March 2017 for GBS6 and January 2023 for AlpN) and FDA Break-
through Therapy Designation for GBS6 in September 2022. These reg-
ulatory designations recognise the potential for important public health
impact of these vaccines and aim to facilitate licensure processes, where
possible.

3.5. Alternative pathways to licensure

Given the challenges in completing clinical efficacy trials for a GBS
vaccine, an alternative approach to licensure is via an immunological
endpoint. This approach could enable an agreed serological marker
against invasive infant disease to be embedded as an endpoint in an
efficacy trial to reduce the sample size requirement and improve
feasibility.

The terms correlate and surrogate of protection are used widely but
inconsistently between authors, publications and regulatory agencies
[67-69]. The term serological threshold of risk reduction (SToRR) is
preferred and the recently published report from WHO-convened
stakeholder consultations uses this term [64]. A SToRR can be defined
as an immune marker, statistically correlated with reduced risk of
invasive disease after vaccination and for GBS is likely to be defined
initially by natural immunity studies [64]. A GBS SToRR could be either
an immune marker which confers direct protection against disease (a
mechanistic STORR) or one which is correlated with protection but not
necessarily related to the mechanism of protection (non-mechanistic)
[70]. The validation of immune markers as a STORR depends on meeting
certain criteria, such as the Prentice criteria or the Qin framework [68].
WHO has previously published a review of the evidence needed for a
GBS SToRR [56]. This pathway to licensure has been agreed, in princi-
ple, by regulatory authorities if there is adequate justification and evi-
dence provided of such an immune marker.

A SToRR pathway to vaccine licensure also has precedent as other
vaccines in recent history have been licensed successfully based on
SToRR. For example the pneumococcal conjugate vaccine, licensed
initially using an aggregate IgG concentration for a few key serotypes
[71] with further evidence gathered on additional serotypes after
licensure [72]. The Haemophilus influenzae type B (HiB) conjugate vac-
cine was licensed for infants based on a combination of antibody
threshold and efficacy data from clinical trials [73]. A number of
meningococcal vaccines, including most recently the four component
protein meningococcal B vaccine, were also licensed using serum
bactericidal assay titre SToRR [74].

However, for a GBS vaccine SToRR, there are a number of additional
complexities [75]. In contrast to the above examples, there may be no
efficacy data for any GBS vaccine formulation prior to licensure. For GBS
a SToRR is likely to vary between EOD and LOD, and between different
serotypes. An independent SToRR is also needed for antibodies against
AlpN. An aggregate value is not likely to be sufficient given the differing
immune responses to these variables and licensure is likely to be based
initially on the most common infant disease-causing serotypes such as Ia
and III, with less common serotypes being defined in post-licensure
studies. Another question is whether binding antibody, functional
antibody or both should form the basis of a SToRR for GBS. A functional
antibody measurement, such as via opsonophagocytic killing activity
assay (OPkA) can seem an attractive and logical choice to provide
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confidence that the antibody measured in vaccinees is active. However,
the assays are difficult to interpret in the context of antibiotic presence
in sera; a major problem considering the population studied in natural
immunity studies include high, even close to universal, rates of anti-
biotic exposed sera. In addition, standardisation of these functional as-
says is more difficult than for binding antibody measurement and they
are less scalable and not easily rendered high-throughput.

3.6. Seroepidemiological studies of natural immunity

Multiple case-control studies over the last 30 years have tried to
define SToRR antibody levels. However, the results from these studies
have not been fully comparable due to methodological differences.
Studies have differed in their specimen sources (analysing either
maternal or infant sera), antibody detection tests (ELISA or Luminex),
standardisation approaches, and choice of statistical analysis — with
some employing relative risk reduction calculations while others adopt
absolute disease risk frameworks [42,75]. (Table 1).

3.7. Standardisation of approaches

Standardised immunoassays and validated statistical approaches are
critical for deriving GBS SToRR. The GASTON (Group B Streptococcus
Assay STandardisatiON) Consortium was formed to tackle longstanding
challenges in measuring GBS antibody levels, where inconsistent labo-
ratory methods had stalled progress in vaccine development [84]. The
consortium developed harmonised protocols for both Luminex-based
multiplex immunoassays (MIA) [58] and OPKA [59], establishing uni-
form procedures for antigen preparation, sample handling, and assay
standardisation to minimise variability between laboratories [60]. In
addition, GASTON is in the process of validating universal reference sera
and quality-control panels for streamlining evaluations of GBS candi-
dates [60].

The application of aligned statistical approaches — particularly the
use of standardised case definitions, adjusted generalised linear models,
and Bayesian frameworks for threshold estimation will allow for robust
cross-study synthesis of protective antibody levels against different GBS
serotypes [85].

Overall, this methodological harmonisation is critical for creating a
unified evidence base to support a SToRR, particularly as three large-
scale GBS seroepidemiological studies (South Africa, US, PREPARE
consortium (Europe, Uganda, Malawi and UK)) are close to completion.
The resulting pooled data will significantly enhance the power to
establish a SToRR and inform a vaccine licensure pathway.

4. The global impact of a vaccine

It has been estimated that GBS vaccination could prevent between
127,000-231,000 (UR 63,000 to 507,000) cases in infants and pregnant
people and 60,000-108,000 (UR 22,000-198,000) stillbirths/neonatal
deaths annually, assuming 50-90 % coverage with 80 % efficacy [6].
Multiple country-specific or regional epidemiological studies across
diverse settings — from sub-Saharan Africa to HICs like the UK, US, and
Japan [86-92] have consistently demonstrated that GBS vaccination of
pregnant people would likely be more cost-effective than current pre-
vention strategies. A recent study used data from 183 countries to model
how a GBS vaccine could reduce infections, deaths, and preterm births
worldwide [93]. It calculated potential lives saved and healthcare costs,
considering different vaccine prices and coverage levels, while also ac-
counting for uncertainties in the data, such as protection against preterm
birth. It was found that vaccination would be cost-effective across all
income settings if competitively priced, with particularly transformative
potential in high-burden LMICs where healthcare resources are most
constrained [93]. These data provide policymakers with a robust evi-
dence base, highlighting that GBS vaccination of pregnant people could
not only save tens of thousands of lives annually but also reduce the
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Table 1
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A summary of the findings of natural immunity seroepidemiological studies of infant iGBS disease, to date.

Study (Year) Design Cases (Serotype) Controls Onset Protective thresholds
Capsular polysaccharide
Lin et al. (2001) [76] Case-control 50 (Ia) 336 EOD Ta: 5 pg/ml (maternal)

4 pg/ml (cord/infant)
Lin et al. (2004) [77] Case-control 26 (11) 143 EOD III: 10 pg/ml (maternal)

7 pg/ml (cord/infant)
Baker et al. (2014) [78] Case-control 17 (Ta), 9 (11D, 7 (V) 99 EOD Ta: 0.5 pg/ml (maternal)

III: 0.5 pg/ml (maternal)
Dangor et al. (2015) [79], (2021) [80] Matched Case-control 27 (Ia), 29 (III) 74 EOD + LOD Ia: 6 pg/ml (maternal)

2.52 pg/ml (infant)

III: 3 pg/ml (maternal)

0.95 pg/ml (infant)
Fabbrini et al. (2016) [81] Case-control 8 (Ia), 23 (III) 280 EOD Ta: 1 pg/ml (maternal)

III: 1 pg/ml (maternal)
Madhi et al. (2021) [82] Case-control 14 (Ia), 23 (IID) 128 EOD + LOD Ta: 2.31 pg/ml (maternal)

Cohort 1.04 pg/ml (cord/infant)

III: 3.41 pg/ml (maternal)

1.53 pg/ml (cord/infant)
Madhi et al. (2023) [51] Case-control 18 (Ia), 45 (III), 77 (all) 250 EOD + LOD Ta: 0.755 pg/ml (cord/infant)

Cohort III: 0.381 pg/ml (cord/infant)

All: 0.494 pg/ml (cord/infant)
Saukkoriipi et al. (2024) [83] Case-control 9 (Ta), 32 (I1I), 55 (all) 229 EOD + LOD 11I: 0.266 pg/ml (cord)

All: 0.404 pg/ml (cord)
Alpha-like protein
Dangor et al. (2023) [57] Case-control 46 (Rib), 24 (Alpl) 82 EOD + LOD Rib: 0.428 pg/ml (cord/infant)

Cohort

Alp1: 0.112 pg/ml (cord/infant)

EOD: Early-onset disease; LOD: Late-onset disease.

substantial economic burden of preterm birth complications and long-
term impairment.

5. Beyond licensure - challenges to implementation and
monitoring

The licensure of a GBS vaccine represents only the first step in a
complex journey. While immunogenicity-based approval may accelerate
availability, significant challenges remain in ensuring equitable access,
effective delivery, and robust monitoring in high-burden settings.

5.1. Integration into fragile health systems

A primary challenge lies in integrating GBS vaccination into existing
maternal and child health platforms, particularly in LMICs [32]. Ante-
natal care (ANC) attendance varies widely, with sub-Saharan Africa and
South Asia reporting the lowest coverage. Even where ANC services
exist, competing priorities—such as HIV testing, iron supplementation,
and ultrasound screenings—may overwhelm healthcare workers, lead-
ing to missed opportunities for vaccination. Strengthening ANC infra-
structure and training providers to prioritise vaccine delivery will be
critical. Additionally, the vaccine’s recommended timing (second or
third trimester) must align with local ANC visit schedules. With the
WHO’s update to antenatal care recommendations in 2016 [94], 8
antenatal visits are now recommended which could improve opportu-
nities for vaccination.

5.2. Co-administration and safety monitoring

Pregnant people may now receive multiple vaccines, including
tetanus-diphtheria (TT/Td) or tetanus-diphtheria-pertussis (Tdap),
influenza, RSV and, in some HICs, COVID-19. The potential for immune
interference or compounded reactogenicity with GBS vaccines remains
uncertain, particularly in populations with high HIV prevalence or
malnutrition where vaccine responses may be reduced or altered

[95,96]. Post-licensure pharmacovigilance systems must be strength-
ened to detect rare adverse events, utilising networks like the Global
Alignment of Immunisation Safety Assessment (GAIA). Standardised
case definitions for maternal and neonatal outcomes will be vital to
distinguish vaccine-related effects from background pregnancy
complications.

5.3. Monitoring impact and serotype replacement

Post-introduction surveillance must address many key questions
around the effectiveness of a vaccine against not only iGBS, but also
stillbirths and preterm births [97]. In addition, real-world data will be
needed to answer questions about the impact on antenatal GBS coloni-
sation, dosing durability across pregnancies, and potential serotype
replacement, each presenting unique methodological challenges. The
vaccine’s potential to reduce GBS-associated preterm births and still-
births presents a huge opportunity. A vaccine probe study design could
help establish causality by comparing rates of these outcomes between
vaccinated and unvaccinated populations while controlling for con-
founding. Post-vaccine introduction, linking immunisation registries
with birth outcome databases could provide large-scale observational
data to address these questions. The durability of clinical protection
across subsequent pregnancies will influence vaccination strategies. If
antibody waning necessitates administration in every pregnancy, this
could create implementation challenges in low-resource settings with
inconsistent ANC attendance. Inmunogenicity studies tracking antibody
persistence and effectiveness evaluations in multiparous women will
help determine optimal dosing intervals. Serotype dynamics require
careful surveillance to detect potential shifts in circulating strains. While
GBS shows less diversity than some pathogens, monitoring for emerging
serotypes or antigenic variants will be crucial. Establishing sentinel
surveillance sites with genomic sequencing capacity in high-burden re-
gions should be prioritised to track these trends over time.
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5.4. Behavioural and societal challenges

Vaccine hesitancy, fueled by misinformation or distrust in immuni-
sation during pregnancy, could undermine uptake. Engaging local
leaders, leveraging trusted community channels, and co-designing
communication campaigns with pregnant individuals will be pivotal
to building acceptance.

Overcoming these challenges demands a coordinated, multi-sectoral
approach. Partnerships between governments, manufacturers, non-
governmental organisations, and communities must align to
strengthen health systems, ensure equitable access, and monitor the
vaccine’s real-world impact.

6. Summary and conclusions

In summary, the global burden of GBS-related disease remains high
based on a number of recent estimates. The public health need for a GBS
vaccine is therefore clear. Vaccine development efforts to date have
demonstrated that a GBS vaccine in pregnancy could be safe and effi-
cacious but have not yet resulted in a licensed product. The two most
clinically advanced and promising candidates to date face significant
challenges before licensure but a number of recent large, seroepide-
miological studies, combined with efforts to align the approach to a
SToRR definition, mean that licensure via an immunological endpoint is
a real possibility. The vital and cross-cutting work needed to address
issues of vaccine uptake, vaccine hesitancy, implementation and real-
world effectiveness monitoring will require collaboration between
many sectors to ensure that a GBS vaccine is able to deliver its full
potential.
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