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Advances towards licensure of a maternal vaccine for the prevention of invasive 
group B streptococcus disease in infants: a discussion of different approaches
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ABSTRACT
Group B streptococcus (Streptococcus agalactiae, GBS) is an important cause of life-threatening disease in 
newborns. Pregnant women colonized with GBS can transmit the bacteria to the developing fetus, as well 
as to their neonates during or after delivery where infection can lead to sepsis, meningitis, pneumonia, or/ 
and death. While intrapartum antibiotic prophylaxis (IAP) is the standard of care for prevention of invasive 
GBS disease in some countries, even in such settings a substantial residual burden of disease remains. 
A GBS vaccine administered during pregnancy could potentially address this important unmet medical 
need and provide an adjunct or alternative to IAP for the prevention of invasive GBS disease in neonates. 
A hurdle for vaccine development has been relatively low disease rates making efficacy studies difficult. 
Given the well-accepted inverse relationship between anti-GBS capsular polysaccharide antibody titers at 
birth and risk of disease, licensure using serological criteria as a surrogate biomarker represents 
a promising approach to accelerate the availability of a GBS vaccine.
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Introduction
Group B streptococcus (Streptococcus agalactiae, GBS) is an 
encapsulated opportunistic Gram positive pathogen that 
usually harmlessly colonizes the lower intestinal and recto
vaginal area of many adults. Colonization is dynamic, in that 
GBS carriage can be lost and reacquired.1 When protection 
by the immune system is impaired, such as due to immuno
logical immaturity in young infants and immunosenescence 
in older adults, invasive disease can manifest as sepsis, 
meningitis or pneumonia. Most invasive neonatal GBS dis
ease is diagnosed within the first week of life and is defined 
as early onset disease (EOD). Invasive GBS disease occurring 
between the first week and third month of life is considered 
late onset disease (LOD).2 A meta-analysis of epidemiologi
cal studies reported between 2000 and 2017 determined an 
overall (EOD + LOD) global incidence rate of invasive neo
natal GBS disease of 0.49/1,000 live births and an associated 
8.4% mortality rate.3 Even when not fatal, invasive GBS 
disease in infants causes significant morbidity with serious 
long-term sequelae. In surveillance conducted from 2003 to 
2007 in the United States (U.S.), GBS was found to be 
responsible for more than 86% of bacterial meningitis epi
sodes in children <2 months of age.4 In a separate study, 11% 
of infants with GBS meningitis died, and of those surviving, 
~19% had neurologic sequelae including cognitive delay, 
cerebral palsy, blindness, or hearing loss.5 The recent Full 
Value of Vaccine assessment from the World Health 
Organization (WHO) estimated an annual burden of 
~392,000 invasive GBS cases in infants with ~91,000 deaths 
and ~40,000 with neurodevelopmental impairment. 
Additionally, GBS was associated with ~46,000 stillbirths 

and 518,000 preterm births.6 These sobering figures rein
force the urgent need for development of an efficacious 
vaccine to address this substantial unmet medical need.

A study of GBS isolates from colonized mothers and their 
infants, who were either colonized or had GBS EOD, demon
strated that bacteria are likely transferred from the mother to 
the baby in utero or during passage through the birth canal.7 

The maternal rectovaginal colonization rate in the U.S. has 
been estimated at 25%, with a global rate of 18%.8 Although 
premature labor, intrapartum fever and prolonged ruptured 
membranes increase the chance of EOD in the newborn, the 
main risk factor is the colonization status of the mother within 
a few weeks prior or during labor.9 A landmark study by Boyer 
and Gotoff10 reported an incidence rate of EOD at 1.9/1,000 
(61 cases/32,384 live births) among babies born from colonized 
mothers between 1973 and 1981.

In addition to impact of colonization on the infant, GBS can 
cause ascending infections in pregnant women that may 
directly affect the developing fetus. In pregnant women, GBS 
may be associated with chorioamnionitis which may result in 
stillbirth or preterm delivery, and puerperal sepsis which may 
be fatal.11 GBS infection inutero occurring proximal to the time 
of delivery may also potentially account for some instances of 
GBS EOD where infection is documented on the first day of 
life. As support for this notion, a recent report documented the 
presence of GBS genomic DNA in approximately 5% of pla
cental samples collected prior to onset of labor.12 Furthermore, 
a separate study found that 2.6% of infants born by elective 
cesarian section to GBS-colonized mothers were already colo
nized with GBS at delivery.13 In a single-center historical 
cohort study of a total of 60,029 births, performed between 
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2003 and 2015 in the U.S., 0.1% of the maternal population had 
invasive GBS disease.14 Data from meta-analyses conducted in 
high-income countries suggest that the incidence of invasive 
maternal GBS disease was 0.38/1,000 pregnancies,15 which is 
slightly higher than the current incidence of EOD in infants in 
the U.S. (0.25/1,000 live births).16 The multifactorial causes of 
stillbirth and preterm delivery makes the role of maternal GBS 
colonization hard to quantify. Conservatively, 1–4% of still
births have been attributed to GBS,17 and maternal GBS colo
nization has been estimated to increase the risk for preterm 
delivery by 21–85%.18

Partial protection against invasive neonatal GBS 
disease following introduction of universal GBS 
screening and intrapartum antibiotic prophylaxis

Given the high rates of invasive infant disease in the U.S., 
prevention of invasive GBS using prophylactic antibiotics was 
evaluated in clinical trials. Intrapartum antibiotic prophylaxis 
(IAP) provided to GBS-colonized pregnant women during 
labor was shown to reduce the incidence of EOD and coloniza
tion of the neonate.19 As a result, IAP was introduced in the 
U.S. in the late 1990s. Guidelines were expanded in 2002 to 
include universal screening for rectovaginal GBS carriage dur
ing the 35-37th week of pregnancy.

Introduction of IAP has reduced the incidence of EOD in the 
U.S. from ~1.7/1,000 live births in 1990 to ~0.26/1,000 live births 
in 2010.20 While adoption of universal screening and administra
tion of IAP has been highly effective in preventing EOD, the initial 
reduction largely achieved in the early 2000s subsequently 
plateaued.20 The remaining, constant incidence rate illustrates 
that the IAP intervention following screening is not 100% effective 
for a variety of reasons including missed screenings in women with 
limited access and false-negative culture results.21 In one study, 
61% of women with term infants that developed GBS EOD had 
negative screening results, suggesting that acquisition occurred 
between the screening test and delivery, or the screening result 
was falsely negative.21 Additionally, universal screening and IAP 
have not meaningfully affected the incidence of LOD.22,23 Because 
the majority of cases of infant meningitis in the U.S. are associated 
with GBS LOD, the incidence of GBS meningitis has similarly not 
decreased.

Finally, the impact of long-term widespread use of prophylactic 
antibiotics on drug resistance is a concern. Combined with pro
phylaxis to prevent infections following cesarian deliveries, anti
biotics are administered in approximately 40% of all labor and 
delivery procedures in the U.S., leading to a growing apprehension 
about development of antimicrobial resistance among human 
bacterial pathogens associated with maternal and neonatal 
disease.24,25 The concern was highlighted at the time that universal 
screening and use of IAP occurred in the U.S. was recommended 
with inclusion of the explicit caveat that antibiotic resistance would 
need to be monitored until a vaccine became available.26 

Resistance to first-line beta-lactam antibiotics has not yet been 
seen; however, substantial resistance has been documented 
to second-line antibiotics such as erythromycin and clindamycin 
given to individuals for whom beta-lactam antibiotics such as 
penicillin are contraindicated,27 who constitute up to 10% of the 
U.S. population who report having an allergic reaction in their 

past.28 In other high-income countries (HICs [e.g., UK]), a risk- 
based approach to IAP has been implemented out of concerns for 
overuse of antibiotics, medicalization of labor and delivery, the 
transient nature of colonization, and resource concerns. The risk- 
based approach focuses on screening women with a history of GBS 
or a history of an GBS-infected child, in addition to other factors 
such as premature labor, intrapartum fever and/or amnionitis, and 
prolonged rupture of membranes.29,30 This approach has signifi
cant limitations since a considerable proportion of infant GBS 
disease cases may not be associated with identified risk factors.20 

However, neither approach has fully eliminated GBS disease in 
infants.

In low- and middle-income countries (LMICs), where 
healthcare access and standards of prenatal care may vary or 
the resources or infrastructure for significant preventative 
interventions are not available, the rates of GBS disease are 
significantly higher. For instance, one surveillance study in 
South Africa estimated the rate of GBS EOD to be 1.41 cases 
per 1,000 live births and LOD to be 1.18 cases per 1,000 
births.31 Moreover, the limited medical infrastructure in these 
regions makes capture of all cases difficult so the true burden 
may be under-represented. This is illustrated by the example of 
a multi-site study that evaluated reported GBS cases for which 
inexplicably no cases were recorded at a study site in 
Bangladesh. By comparison, this study recorded GBS EOD/ 
LOD cases in infants from Panama, Dominican Republic, and 
Hong Kong with estimates of 0.77/0.58, 2.35/0.17, 0.76/0.38 
cases per 1,000 live births, respectively.32

A maternal GBS vaccine as an alternative to IAP

Maternal GBS immunization offers an alternative approach to 
screening and antibiotic prophylaxis for GBS disease prevention 
in infants. There is a long history of success in protecting infants 
and adults against diseases caused by encapsulated bacteria using 
vaccines that target the capsular polysaccharide (CPS) and gener
ate functional antibodies.33 Experience with investigational GBS 
conjugate vaccines in the literature suggests that this is a promising 
approach.34,35 However, active immunization of infants would not 
be effective in the case of GBS disease, since the time of highest risk 
is from birth through the first 3 months of life. In addition, the risk 
timeframe also includes the intrapartum period with the majority 
of EOD occurring within the first 24 h. The preponderance of 
disease during peripartum and early life thus precludes having 
sufficient time to develop an immune response in vaccinated 
neonates to provide coverage against GBS during the period of 
risk. Therefore, maternal immunization could serve as 
a mechanism to ensure that sufficient protective antibodies, 
including anti-CPS IgG, are actively transported across the pla
centa from the mother to the baby via the neonatal Fc receptor 
(FcRN) with selective subclass preference for IgG1, followed by 
IgG2, IgG3, and IgG4 (Figure 1(a)).36,37 Thus, this would lead to 
sufficient antibody levels circulating in the infant at the time of 
birth and the immediate postpartum period persisting throughout 
the period of risk (Figure 1(b)). These antibodies, if present at the 
appropriate levels, could protect the baby from GBS disease. 
Administering a vaccine to pregnant women to induce target- 
specific antibodies meant to cross the placenta and prevent disease 
in the infant enhances the pathway of natural immunity and is 
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a well-established strategy for prevention of neonatal disease. 
Vaccination of pregnant women has been successfully used as 
a public health tool globally in the prevention of neonatal tetanus 
and more recently for prevention of pertussis in young infants, and 
to protect women and their infants against influenza.38 In addi
tion, recent guidance from the U.S. Centers for Disease Control 
and Prevention provides recommendations for the use of COVID- 
19 vaccines in pregnant women.39 Polysaccharide conjugate vac
cines are ideally suited for this purpose, as adults have a mature 
immune system and generally demonstrate robust, relatively rapid 
immunological responses with functional activity after a single 
vaccine dose. Immunization with a GBS conjugate vaccine may 
also reduce maternal GBS carriage, potentially providing addi
tional benefit for prevention of transmission and consequent 
reduction of infant disease.40 Finally, there are estimates that 
a GBS vaccine with moderate (>70%) efficacy implemented in an 
LMIC setting could prove cost-effective by averting over one-third 
of GBS cases and deaths.41

GBS capsular polysaccharides are important virulence 
factors and have been linked to protective responses

GBS express the CPS as a mechanism of immune evasion. 
The CPS contains terminal sialic acid moieties that interfere 
with binding of the complement component C3 and thus 

shield the pathogen from the alternative complement path
way of the immune system.42 There are 10 capsular sero
types of GBS (Ia, Ib-IX), which are composed of five sugar 
components, glucose, galactose, N-acetyl glucosamine and 
N-acetyl neuraminic acid (sialic acid), and, in the case of 
type VIII, rhamnose.43 Serotype specificity is conferred by 
the specific arrangement of monosaccharides within each 
repeated polysaccharide unit. All GBS serotypes have been 
found to cause disease, but their prevalence is variable.44,45 

Globally, serotypes Ia and III are responsible for the major
ity of EOD and LOD disease accounting in one study for 
66%–80% of cases by region (Figure 2)3,46 with the remain
ing disease attributed primarily to serotypes Ib, II, IV, 
and V.

In the late 1970s, a study among women colonized with 
GBS serotype III described an association between low 
maternal serotype III-specific IgG concentrations and infant 
susceptibility to EOD caused by serotype III strains.47 This 
observation was later also made for serotypes Ia and V.48,49 

Preclinical research efforts further corroborated the protec
tive capacity of anti-CPS antibodies.46,50,51 These seminal 
findings established the rationale for induction of anti-CPS 
IgG antibodies as a mechanism to protect against invasive 
GBS disease and paved the way for development of GBS 
polysaccharide vaccines.

Figure 1. Schematic representation of the presence of immunoglobulins in infants due to maternal vaccination. (a) Maternal IgG is selectively transported across the 
placenta by the neonatal Fc receptor (FcRN). (b) Maternal vaccines augment or induce maternal antibody levels to protect the infant from infectious disease in the first 
few months of life.

Figure 2. Global prevalence of GBS serotypes causing neonatal disease (2004–2013). (a) Distribution of serotypes by region. (b) Overall global distribution. Adapted from 
Buurman et al.46
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GBS glycoconjugate vaccines in clinical development

Given the public health need for prophylactic interventions to 
prevent invasive GBS disease among neonates and infants in HIC 
and LMIC settings, development of a GBS vaccine has been an 
active area of research since the 1980s. Pioneering work from 
Carol Baker, Dennis Kasper and colleagues tested the first CPS 
vaccines and later established that monovalent GBS CPS glyco
conjugates for serotypes Ia, Ib, II, III and V were immunogenic 
and could facilitate the transfer of antibodies induced from vacci
nating the mother to their fetus.52–56 Subsequently, 
GlaxoSmithKline (GSK) advanced a trivalent investigational vac
cine (serotypes Ia, Ib, III) through Phase 2 clinical development, 
demonstrating safety and good tolerability as well as immuno
genicity in both non-pregnant and pregnant women, with GBS- 
specific antibody transfer from mothers to infants.57–60 At the 
time of this writing, there are no active or imminent trials 
announced for this vaccine.

Pfizer is developing a hexavalent GBS CPS conjugate vac
cine (GBS6) that represents the highest valency vaccine for
mulation to date and offers the most extensive coverage against 
invasive GBS disease. GBS6 includes CPS from serotypes Ia, Ib, 
II, III, IV, and V individually conjugated to CRM197 and offers 
coverage against up to 97% or more of strains causing infant 
disease globally.46 As most women of childbearing age will 
have been colonized with GBS at various times in their lives 
before becoming pregnant,1 their immune response should 
have been primed to recognize GBS CPS, and thus, a single 
administration with GBS6 may be sufficient to induce an ana
mnestic protective response.34 To demonstrate preclinical effi
cacy for GBS6, a murine maternal transfer challenge model was 
utilized where dams were immunized with GBS6 or placebo 
and pups were subsequently challenged with GBS strains 
expressing the CPS serotypes covered by the vaccine after 
birth. Whereas >80% mortality was found upon challenge of 
pups born to dams administered placebo, GBS6 vaccination 
conferred significant protection against challenge for pups 
born to immunized dams with 88–100% of pups surviving.46 

Additionally, passive administration of pregnant dams with 
monoclonal IgG antibodies specific for the CPS serotypes in 
GBS6 also protected their pups against challenge. Taken 
together, these findings indicated that immunization with 

GBS6 elicited protective antibodies that were transferred to 
pups and protected against GBS challenge. Importantly, these 
results provided supportive preclinical evidence for advance
ment of GBS6 to clinical studies.

Pfizer began clinical development of GBS6 in 2017. The 
program began with the conduct of a first-in-human study in 
the U.S. that was a Phase 1/2 dose escalation study evaluating 
three dose levels and two formulations of GBS6 in healthy adult 
men and women 18–49 years of age.34 This study demonstrated 
that GBS6 was well tolerated in healthy adults. From a safety 
perspective, administration of GBS6 was primarily characterized 
by mild pain at the injection site seen more frequently in 
participants dosed with the adjuvanted formulation of the vac
cine. Few differences in systemic reactions or other adverse 
events were observed in vaccine recipients as compared to 
placebo. Importantly, the post-vaccination fever rate was low. 
GBS6 elicited robust immune responses for all dose levels and 
formulations. IgG geometric mean concentrations peaked as 
early as 2 weeks after vaccination, were sustained through at 
least 1 month, and then declined gradually. The immune 
response, however, persisted for at least 6 months after vaccina
tion, as demonstrated by preserved fold rises in IgG concentra
tions from pre-vaccination levels (Figure 3). These results 
supported further evaluation of GBS6 in pregnant women.

A Phase 1/2 randomized controlled trial in pregnant women 
in South Africa and the UK was subsequently initiated in 2018 
and is ongoing at the time of writing this review 
(NCT03765073). This study aims to determine the safety and 
immunogenicity of GBS6 in pregnant women, as well as estab
lish whether sufficient antibodies are transferred to their new
borns to reduce the risk of GBS infection.

Anti-Capsular GBS IgG concentrations are linked to 
protection of infants

Based on the established inverse relationship between anti-CPS 
IgG titer at birth and risk of invasive GBS disease, elucidation 
of the protective titers associated with anti-CPS antibody could 
be linked to induced antibody levels for the development of 
GBS vaccines. To determine the serotype-specific protective 
level of maternally transferred anti-CPS IgG, multiple 

Figure 3. Serotype-specific IgG geometric mean fold rise (GMFR) from baseline at 1, 3 and 6 months following GBS6 vaccination for 120 μg (20 μg CPS/serotype/dose) 
dose level formulated without aluminum phosphate.
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seroepidemiology studies conducted over the previous decades 
have set out to determine protective antibody levels based on 
naturally induced anti-CPS IgG (Table 1). Practical considera
tions for capture of sufficient number of cases have generally 
been limited to the most prevalent serotypes, Ia and III. 
Moreover, these studies were not harmonized and different 
protocols, immunogenicity assays and reference standards 
were used, as well as different statistical methods (Table 2). 
Most recent studies have used the standardized human refer
ence sera established by Dr. Carol Baker, which are composed 
of immune sera from subjects with strong immune responses 
following immunization with monovalent tetanus toxoid 
conjugates.61 Despite this improvement, immunological data 
still could not be compared, as they were generated using 
different assays and reagents that were not standardized. In 
addition, the use of maternal or infant sera to derive the 
estimated protective level is of importance. Given that antibody 
levels in the infant may be influenced by placental transfer rates 
and selectivity for IgG isotypes, thresholds based on maternal 
sera may not adequately define a protective level in infants. 
Indeed, several studies have indicated that the protective 
threshold for transferred anti-GBS CPS IgG is lower than the 
maternal level.57,62,63 The protective threshold derived from 
transferred IgG in the infant is thus likely more relevant for 
defining a risk of acquiring EOD and LOD, as this better 
represents available antibodies at the site of infection.

As one example, Baker et al. determined that CPS serotypes 
Ia- and III-specific IgG concentrations of >0.5 μg/mL in mater
nal sera corresponded to >90% risk reduction for EOD in infants 
(compared to CPS-specific IgG concentrations of <0.1 μg/mL in 
maternal sera) when analyzed by logistic regression 
methodology.48 Similar analyses for serotype V found that ser
otype-specific IgG concentration of 0.5 μg/mL corresponded to 
approximately 70% reduction in risk of EOD.48 Importantly, 
when a different statistical approach was used (Bayesian 
method), a risk reduction of 70% was found for antibodies to 
these three serotypes when maternal serotype-specific IgG titers 
were >1 µg/mL.48 The similarity of the results using different 

statistical approaches provides strong support for anti-CPS IgG 
antibody levels correlating to a reduced risk of GBS infection. 
Results reported by Fabbrini et al. for serotypes Ia and III in 
European infants were generally consistent with these findings, 
predicting risk reductions for EOD by Bayesian methodology of 
~75–80% for maternal serum anti-GBS CPS serotype IgG con
centrations greater than 1 μg/mL.64 Interestingly, protective 
thresholds for the different serotypes within each study were 
largely similar, a pattern that portends the possibility that 
a serotype-nonspecific protective titer may be possible. Indeed, 
if confirmed, this would be similar to what has been found for 
the protective threshold in infants for anti-capsular antibodies 
directed against Streptococcus pneumoniae.65 In two prior stu
dies conducted in the U.S., Lin et al. correlated maternal serum 
anti-CPS IgG titers of ≥5 μg/mL and ≥10 μg/mL for serotypes Ia 
and III, respectively, with 80–90% reduced risk of EOD using 
logistic regression analysis.49,66 Separate studies have also been 
conducted by researchers at the University of the Witwatersrand 
in South Africa that have attempted to define a protective thresh
old for invasive GBS disease through the first 3 months of life. 
An initial study assessed both EOD and LOD in paired maternal 
and infant sera taken at the time of recorded infection. 
Calculated IgG anti-CPS thresholds for serotypes Ia and III in 
this study were determined to be ≥ 3–6 μg/mL based on mater
nal sera, levels that were markedly higher than the threshold of 
≥0.5 μg/mL obtained from cognate infant sera.62 A subsequent 
study from this group evaluated protective thresholds through 
the first 90 days of life in maternal sera and infant sera for which 
both cord blood samples as well as sera taken at the time of 
infection were included.67 This study estimated that serum titers 
of ≥0.93 µg/mL and ≥1.08 µg/mL of serotypes Ia- and III-specific 
IgG, respectively, were associated with >90% risk reduction 
against invasive GBS disease with the cognate serotype strains 
when analyzed with the combination cord and time-of-infection 
serum titers. Furthermore, in agreement with the prior finding, 
the protective thresholds estimated from maternal sera exceeded 
those obtained from sera reflective of titers in the infant. Despite 
these similarities, it is not possible to ascertain what protective 

Figure 4. Overview of potential approaches to licensure of a maternal GBS6 vaccine. Effectiveness study refers to a clinical endpoint trial that is conducted under real- 
world settings after vaccine licensure. Disease endpoint clinical trial refers to an efficacy trial with GBS disease as the primary study endpoint. Accelerated approval is not 
applicable to Option 3.
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antibody level would really need to be achieved by vaccination, 
unless the same assay was used for these studies. An approach to 
how this can be accomplished will be described in the following 
sections.

Development of a standardized IgG assay to assess 
anti-CPS IgG antibody levels

Measurements of immune responses to either vaccination or 
natural infection are often useful in predicting clinical out
comes, even in the absence of a direct causal relationship. 
Protection against invasive GBS disease in newborn babies 
has been shown to correlate with serotype-specific IgG con
centrations at the time of birth.48,49,62,64,66 As introduced 
above, the major limitation of these prior seroepidemiology 
studies has been the lack of a standardized assay to allow direct 
comparison of protective threshold IgG concentration esti
mates. The use of non-standardized assays makes it difficult 
to compare the magnitude and/or quality of immune responses 
across studies. A brief overview of the different assay formats 
that has been used to support the prior studies is provided in 
Table 2.

To support the clinical development of GBS6, Pfizer 
developed and validated a Luminex-based six-plex IgG 
assay to simultaneously measure serum antibodies to GBS6 
vaccine serotypes Ia, Ib, II, III, IV and V.34 This assay was 
adopted by the GBS assay standardization consortium, 
funded by the Bill and Melinda Gates Foundation (BMGF, 
grant# OPP1153630). At the time of writing this review, an 
interlaboratory study is underway with participating labora
tories to evaluate precision and repeatability of the assay 
across different laboratories. A primary goal of this study is 
to develop a panel of quality control serum samples with 
consensus IgG antibody concentration estimates for each 
serotype. An international reference standard serum for 
the six CPS serotypes will also be needed and development 
of this important reagent is an additional priority. This new 
standardized IgG assay would allow for a better understand
ing of the relationship between GBS CPS-specific serum IgG 
antibody concentrations and the relative risk of disease in 
infants. Importantly, it will permit comparability across 
seroepidemiological studies and relieve a limitation that 
has hampered elaboration of an internationally recognized 
protective titer to date. An international reference standard 
also would permit potential comparatiblity across studies 
that use different immunoassays but the same standard.

Statistical methods to establish the risk–titer 
relationship

A range of statistical techniques are available to estimate the 
antibody thresholds of protection utilizing data obtained 
from natural history studies. Studies described previously 
individually employed one or more methods to derive poten
tial protective levels. These methods rely on transformation of 
titers for cases and non-cases into a defined risk–titer curve. 
The key quantity to be estimated is the probability of invasive 
GBS disease (caused by a given serotype), as a function of the 
infant‘s IgG value at birth for that serotype. Consistent with 

previous seroepidemiology studies, this risk function can be 
estimated by both Bayesian and frequentist approaches. Carey 
et al.68 introduced a Bayesian approach in which a parametric 
form of the distributions of antibody levels among cases and 
controls was assumed. A Gibbs sampling procedure was then 
used to combine these distribution functions and an assumed 
unconditional population risk to derive the probability of 
disease conditional on the titer exceeding a given value. The 
weighted logistic regression approach of Rose and van der 
Laan69 has also been applied to estimate the risk function, 
using weighting that accounts for the case-control design. 
From this method, the serotype-specific antibody titers 
which result in reductions in risk of disease across a range 
of risk levels can be derived. Once the risk function has been 
established, it can further be possible to predict the level of 
vaccine efficacy that may be achieved by an investigational 
GBS vaccine. This can be done by applying the titer distribu
tions to the estimated risk function for the vaccine and 
placebo groups.

Approaches to licensure of a maternal GBS vaccine

There are four conceptual approaches to licensing a vaccine, 
three are illustrated in Figure 4. The fourth, known as “the 
animal rule”, is not considered for this review. This approach 
only comes into play if there is no feasible way to conduct 
clinical studies that can be used to demonstrate efficacy. 
Though an efficacy study with a disease endpoint may be 
difficult to conduct due to the size required and time it would 
take to conduct such a study, a serological approach for licen
sure may be possible, negating the need to conduct licensure 
based on the animal rule. Variations of the three licensure 
pathways outlined here are also accepted by national regulatory 
authorities in other regions, and thus the U.S. regulatory path
ways will be given as representative examples.

The accelerated approval pathway of the U.S. Food and Drugs 
Administration (FDA) permits licensure based on a surrogate 
endpoint, that can include immunological endpoints such as anti
body levels that reasonably predict clinical benefit. The protective 
risk-titer curve determined by the strategy detailed above, that 
makes use of a serological biomarker as an immunological surro
gate, could constitute such an endpoint and could potentially be 
used as the basis for accelerated approval with post-approval 
commitments to conduct an efficacy or effectiveness study.

The licensure pathway for a GBS vaccine was discussed 
during a Vaccine and Related Biological Products Advisory 
Committee (VRBPAC) held at the request of the FDA in 
May 2018. The committee agreed that immunologic endpoints 
could be used to demonstrate effectiveness and support the 
U.S. licensure of a GBS vaccine, particularly if an immunolo
gical correlate or surrogate could be validated in the ongoing 
serologic studies using a standardized assay.70 This approach 
would need to be confirmed in post-licensure studies. 
A description of the main approaches is detailed below.

For both Options 1 and 2, a rigorous approach as detailed 
above would be required to provide evidence that the antibody 
titers achieved in newborn infants are sufficient to protect them 
from invasive GBS disease through a period of significant risk. 
While licensure using an immunological endpoint may provide 
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advantages in terms of shortening the time to availability of 
a GBS vaccine, it should be noted that development of 
a universally agreed upon protective titer (whether 
a surrogate or correlate) requires agreement from regulators, 
vaccine manufacturers, and experts in the field. It is possible 
that licensure through this pathway may be complex. 
Alternatively, licensure of a maternal GBS vaccine could be 
achieved through the conduct of an efficacy trial; however, 
given the low incidence of invasive GBS disease in neonates 
in certain regions, this could require enrollment of up to 80,000 
participants. Even in regions with the highest incidence, an 
efficacy trial would require enrollment of tens of thousands of 
pregnant women. The details and merits of each option are 
described below.

Licensure Option 1: pre-licensure immunogenicity study 
and confirmatory post-licensure effectiveness studies

Option 1 would use an immunological endpoint to support 
accelerated approval followed by traditional approval with 
a confirmatory post-licensure effectiveness trial. There are sev
eral options for the conduct of a confirmatory trial that include 
observational studies and the use of real-world evidence (such as 
vaccine surveillance data) to establish vaccine efficacy. 
Randomization strategies such as cluster-based randomization 
may be less complex than traditional pre-licensure subject level 
randomized clinical trials. Such a strategy would enable licensure 
much sooner given the smaller size of a pivotal study compared 
to a conventional efficacy trial approach pre-licensure. This 
approach was supported for GBS vaccine development during 
the May 2018 VRBPAC.70 This option would have to consider 
the timing of the effectiveness study in relation to availability of 
licensed vaccine and the FDA‘s general requirement to have 
post-licensure confirmatory trials underway at the time the 
accelerated approval is granted. Timing may require regulatory 
negotiation or conduct of an effectiveness trial in regions where 
a vaccine would need to be supplied.

In Option 1, effectiveness studies would need to be conducted 
in regions where the vaccine has been introduced and is avail
able, particularly if use of surveillance data would be needed. The 
least costly and most time-efficient studies would need to be 
conducted in regions of high disease incidence, and could link to 
obstetric and pregnancy surveillance systems to monitor inci
dence as a measure of effectiveness. A caveat of this approach is 
that deployment to regions that require post-approval effective
ness studies may be delayed; however, pre-qualification by the 
WHO may ease the path for a vaccine that is not licensed by 
a traditional route. While an accelerated approval pathway 
enables early licensure, it does not guarantee its use, and slow 
uptake may delay implementation of an effectiveness study. 
Furthermore, in LMICs where efficacy or clinical disease end
point data are traditionally required prior to approval and 
recommendations for use, conduct of an effectiveness study 
may require the vaccine to be provided prior to licensure. 
Effectiveness studies could take advantage of alternative study 
designs to facilitate evaluation of the vaccine. For example, the 
use of large observational studies or effectiveness studies using 
cluster randomization in lieu of individual randomization 
schemes would make study conduct much less complex. In 

addition, effectiveness studies often use fewer and less stringent 
study measures for evaluation which is advantageous from an 
operational perspective. Thus, while effectiveness studies would 
still require a large number of pregnant women to be enrolled, 
they may be less costly than a pre-licensure Phase 3 clinical trial.

Licensure Option 2: combined immunogenicity and 
efficacy study

Option 2 describes an efficacy trial with early licensure after 
an embedded immunogenicity analysis with a serological 
endpoint by an accelerated approval pathway. The surro
gate of protection may be a measure of antibody titers in 
cord blood or sera from infants born to vaccinated 
mothers. While the overall trial size would be based on 
a clinical disease endpoint, the immunogenicity assessments 
would rely on achieving an agreed upon level of immune 
response related to a consensus serocorrelate in a minimum 
number of exposed subjects. This would utilize a surrogate 
of protection that represents a measure reasonably likely to 
predict vaccine efficacy and be determined by the strategy 
detailed above. As with Option 1, one of the most impor
tant benefits of this approach, however, is that a GBS vac
cine would be licensed and available for use to pregnant 
women and their at risk infants much sooner than if 
a traditional approval pathway was sought from the onset. 
While the efficacy portion would still require a large sample 
size, completion of the clinical disease endpoint trial would 
serve as the confirmatory data needed to convert the accel
erated approval to traditional approval. The advantages of 
this approach include making the vaccine available earlier 
as well as confirming the protective antibody level in 
a single disease endpoint clinical trial. This combination 
hybrid approach would enable operational efficiencies and 
minimize the overall timeline to traditional approval. For 
example, after the required number of subjects have been 
enrolled and completed visits for the immunogenicity 
assessment, analysis and regulatory submissions can occur 
concurrently while the efficacy portion of the study con
tinues. The most salient disadvantage of this approach is 
the cost and time required to enroll enough subjects to 
meet the clinical efficacy endpoint.

Licensure Option 3: pre-licensure efficacy study

In the event that an immunological threshold of protection 
cannot be established or agreed upon, licensure of a GBS 
vaccine could be achieved through the conduct of 
a conventional disease endpoint Phase 3 placebo-controlled 
randomized clinical trial (Option 3). Efficacy could be estab
lished by comparing the effect of the vaccine or placebo in 
reducing incidence of invasive GBS disease in infants. This 
study would need to be conducted in countries with high 
incidence of GBS disease. The highest reported rates of invasive 
disease are in South Africa with 1–3 cases/1,000 infants 
per year.71,72 Assuming a vaccine efficacy rate of 75%, a Phase 
3 efficacy trial would require a minimum of ~28,000 enrolled 
participants in the most optimistic scenario (assume lower 95% 
confidence interval [LCI] of 0% and an incidence of 3/1000) 
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and upwards of 80,000 pregnant women (assuming an LCI of 
20% and incidence rate of 1/1000) in a pessimistic scenario. 
Conduct of such a study, particularly as infants and mothers 
will need follow-up for at least 612 months, carries a high 
degree of operational challenge and risk. A minimum of at 
least 200 sites would be required to enroll the smallest number 
of subjects over an 8-12–month enrollment period. Such 
a study would likely take several years to complete and would 
require significant investment while causing delay to availabil
ity of a potentially life-saving vaccine.

Summary and future perspectives

Invasive GBS disease remains an important cause of infant 
morbidity and mortality, for which the development of an 
efficacious vaccine remains a global health imperative. After 
several decades of research into the protective correlates 
and immunobiology of GBS CPS, the prospect of the first 
GBS conjugate vaccine becoming available is now on the 
horizon with the development of GBS6. Licensure of GBS6 
by a pathway requiring conduct of an efficacy study would 
be complex and likely require many years to complete. 
Regulatory approval based on an immune threshold of 
protection derived from natural history studies is feasible 
and offers advantages for an expedited path to licensure. 
Such an approach has some precedent drawing from the 
established pathways for approval of new vaccines for 
Streptococcus pneumoniae, Neisseria meningitidis and 
Haemophilus influenzae b (Hib), where licensure based on 
immune thresholds derived from the efficacy studies of the 
foundational vaccines is well established. For Hib, 
a threshold of protection of 1 µg/mL anti-capsule antibody 
was initially proposed based on immunization studies with 
the isolated polyribosyl ribitol phospate (PRP) capsule as 
immunogen. The protective threshold for antibodies 
induced by PRP conjugates was subsequently found to be 
lower (~0.15 µg/mL), an effect attributed in part to the 
affinity maturation and consequent higher quality antibody 
associated with glycoconjugate immunization.73 For GBS 
anti-CPS antibodies, if natural immunity is similar to that 
induced by an unconjugated polysaccharide, it is conceiva
ble that antibody thresholds derived from natural exposure 
may overestimate the protective level provided by immuni
zation with a CPS conjugate that could induce anti-CPS 
antibodies with increased avidity with help from T cells 
directed against the carrier protein.

In HICs where IAP is the established standard of care, 
a GBS vaccine may be used as an adjunct public health tool 
to reduce residual cases of EOD not addressed by IAP, and 
to prevent LOD where IAP has not had an impact. Given 
concerns around antibiotic stewardship and the rise of 
antimicrobial resistance, an efficacious vaccine may also 
ultimately replace IAP. Deployment of a maternal GBS 
vaccine in LMICs where IAP is not available or readily 
implementable could provide substantial benefit for reduc
tion of GBS disease in early life, and maternal vaccination 
could be integrated as part of existing private market and 
national immunization programs. Agreement on acceptable 
pathways to licensure and registration will need to be 

addressed on an individual basis with national and regional 
regulatory bodies; however, where acceptable, the use of an 
immune correlate offers the possibility for accelerated reg
ulatory approval to make available a vaccine to prevent 
a devastating disease affecting young infants worldwide.
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