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Background. Maternal vaccination against group B Streptococcus (GBS) might provide protection against invasive GBS disease 
in infants. We investigated the kinetics of transplacentally transferred GBS serotype-specific capsular antibodies in the infants and 
their immune response to diphtheria toxoid and pneumococcal vaccination.

Methods. This phase 1b/2, observer-blind, single-center study (NCT01193920) enrolled infants born to women previously ran-
domized (1:1:1:1) to receive either GBS vaccine at dosages of 0.5, 2.5, or 5.0 μg of each of 3 CRM197-glycoconjugates (serotypes Ia, Ib, 
and III), or placebo. Infants received routine immunization: combination diphtheria vaccine (diphtheria-tetanus-acellular pertussis–
inactivated poliovirus/Haemophilus influenzae type b vaccine; age 6/10/ 14 weeks) and 13-valent pneumococcal CRM197-conjugate 
vaccine (PCV13; age 6/14 weeks and 9 months). Antibody levels were assessed at birth, day (D) 43, and D91 for GBS serotypes; 
1 month postdose 3 (D127) for diphtheria; and 1 month postprimary (D127) and postbooster (D301) doses for pneumococcal 
serotypes.

Results. Of 317 infants enrolled, 295 completed the study. In infants of GBS vaccine recipients, GBS serotype-specific antibody 
geometric mean concentrations were significantly higher than in the placebo group at all timepoints and predictably decreased to 
41%–61% and 26%–76% of birth levels by D43 and D91, respectively. Across all groups, ≥95% of infants were seroprotected against 
diphtheria at D127 and ≥91% of infants had seroprotective antibody levels against each PCV13 pneumococcal serotype at D301.

Conclusions. Maternal vaccination with an investigational CRM197-glycoconjugate GBS vaccine elicited higher GBS sero-
type-specific antibody levels in infants until 90  days of age, compared with a placebo group, and did not affect infant immune 
responses to diphtheria toxoid and pneumococcal vaccination.
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Group B Streptococcus (GBS) is a prominent cause of morbidity 
in neonates worldwide [1], and also causes invasive disease with 
a higher incidence in pregnant women than in nonpregnant 
adults [2]. The burden of invasive GBS disease is especially high 
in infants from low- and middle-income countries [1, 3–5], with 
the disease presenting as early-onset (in the first 7 days of life) or 

late-onset (from 8 days through 3 months). Implementation of 
intrapartum antibiotic prophylaxis reduced early-onset neonatal 
disease [6, 7] but had little impact on the incidence of late-on-
set invasive GBS disease [6, 8]. The development of a vaccine 
to be administered during pregnancy could be a more suitable 
strategy for the prevention of invasive GBS disease in infants 
throughout the first 3 months of life, the period with the highest 
likelihood of GBS invasive disease onset [6]. High maternal GBS 
serotype-specific capsular antibody levels have been correlated 
with protection of infants against early-onset disease [9–11], 
but the extension of this protection beyond the first week of life 
remains a need that maternal vaccination might meet [12].

Maternal antibodies have, however, been reported to interfere 
with immune responses during active immunization of infants 
[13]. An attenuated immune response to diphtheria, pertus-
sis, and some pneumococcal vaccine serotypes (conjugated 
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to diphtheria-toxin mutant carrier protein [CRM197]) was 
observed in infants born to mothers who had received an acel-
lular pertussis-diphtheria-tetanus toxoid (TT) vaccine during 
pregnancy, compared with a historical cohort of infants [14].

Although no vaccine is currently licensed for use against 
GBS, some capsular polysaccharide-protein conjugate candi-
date vaccines using either TT or CRM197 as carrier proteins have 
reached phase 2 [12]. Several formulations and dosages of an 
investigational trivalent vaccine containing capsular polysac-
charides of GBS serotypes Ia, Ib and III, each individually con-
jugated to CRM197, were shown to induce a persistent antibody 
response in healthy nonpregnant women [15].

We have previously reported the safety and immunogenicity 
of an adjuvanted formulation of the investigational GBS vaccine 
in nonpregnant women, and of a nonadjuvanted investigational 
vaccine dose containing different dosages of GBS glycoconju-
gates in pregnant women and their infants [16]. Higher GBS 
serotype-specific antibody concentrations were observed at 
delivery in infants born to mothers who had received the GBS 
vaccine compared with the placebo during pregnancy, and all 
vaccine formulations and dosages were well tolerated [16]. In 
this article, we describe the kinetics of GBS-specific antibodies 
during the first 3 months of life among infants born to women 
immunized during pregnancy with the CRM197-conjugate GBS 
vaccine. The impact of maternal GBS vaccination on infant 
diphtheria and pneumococcal antibody levels following routine 
immunization in the first year of life is also evaluated.

METHODS

Study Design and Participants

This phase 1b/2 randomized, observer-blind clinical study 
was conducted between October 2010 and December 2012 in 
Soweto, South Africa. The trial complied with the International 
Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use (ICH) Harmonised Tripartite 
Guidelines for Good Clinical Practice and the Declaration of 
Helsinki. Written informed consent was obtained from a par-
ent/guardian of all infants prior to enrolment, and the proto-
col and amendments were approved by the Human Research 
Ethics Committee of the University of the Witwatersrand and 
the Medicines Control Council (South Africa). The study was 
registered at ClinicalTrials.gov (NCT01193920).

The study design and outcomes related to primary objectives 
have been described in detail [16]. Herein we present the results of 
secondary objectives, assessed in infants born at least 2 weeks after 
vaccination to human immunodeficiency virus–negative, preg-
nant women enrolled in the study, who had received the investiga-
tional vaccine correctly, at 28–35 weeks of gestation. Infants were 
enrolled within 4 days from birth from healthy women previously 
randomized in a 1:1:1:1 ratio to receive a single injection of 1 of 3 
dosages of the investigational GBS vaccine (0.5 μg, 2.5 μg, or 5.0 μg 

of each of 3 CRM197-capsular glycoconjugates representing GBS 
serotypes Ia, Ib and III, with a CRM197 content of 0.6–3 μg, 3–15 μg, 
and 6–30 μg, respectively, or placebo (0.9% sodium chloride).

As part of the routine immunization program, infants 
received a diphtheria-tetanus-acellular pertussis–inactivated 
poliovirus/Haemophilus influenzae type b vaccine (DTaP-IPV/
Hib; Pentaxim, Sanofi Pasteur) at 6, 10, and 14 weeks of age and 
a 13-valent pneumococcal conjugate vaccine (PCV13; Prevenar 
13, Pfizer) at 6 weeks, 14 weeks, and 9 months of age. Both rou-
tine vaccines (0.5 mL doses) were administered intramuscularly 
into the anterolateral thigh.

Immunogenicity Assessments

Immunogenicity analyses were carried out in the per-protocol 
set, including infants who complied with the eligibility criteria 
and had evaluable serum samples at the protocol-defined time 
points. The GBS antibody levels against the 3 vaccine serotypes 
were evaluated at birth (day [D] 0), D43, and D91. Immune 
response to diphtheria was evaluated at D127 (1 month follow-
ing the third DTaP-IPV/Hib dose), and to each PCV13 sero-
type at D127 (1  month postprimary vaccination) and D301 
(1 month postbooster).

Blood samples (0.5 mL) collected from infants were analyzed 
at GSK, Marburg, Germany (GBS), Rochester General Research 
Institute Laboratory, New York (diphtheria), or University 
College London, United Kingdom (PCV13). The enzyme-
linked immunosorbent assay (ELISA) used for estimating GBS-
specific antibody concentrations has been described previously 
[17]. The lower limits of quantitation (LLQs) were 0.326 μg/mL, 
0.083  μg/mL, and 0.080  μg/mL for GBS serotypes Ia, Ib, and 
III, respectively. Diphtheria and serotype-specific pneumococ-
cal antibody concentrations were determined by ELISA using 
existing protocols [18, 19].

Statistical Analysis

Adjusted GBS serotype-specific antibody geometric mean con-
centrations (GMCs) were calculated with associated 2-sided 
95% confidence intervals (CIs). Antibody concentrations below 
LLQ were given an arbitrary unit of half the LLQ for GMC cal-
culations. GBS antibody half-life estimation and exploratory 
analyses are described in the Supplementary Materials. The null 
hypothesis of no difference between 2 dosage groups was tested 
at a significance level of .05 with no multiplicity adjustments. 
Responses in 2 dosage groups were concluded to be different 
if there was a significant difference for at least 2 of 3 serotypes.

Immune responses to diphtheria and PCV13 serotypes were 
presented as the proportion of infants with concentrations 
above the putative correlates of protection of 0.1 IU/mL and 
0.35  µg/mL, respectively, in agreement with serological crite-
ria defined by the World Health Organization for evaluation of 
diphtheria [20] and pneumococcal [21] vaccines, together with 
unadjusted antibody GMCs and corresponding 95% CIs.
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All 95% CIs were calculated using the Clopper-Pearson 
method. Statistical analyses were performed using SAS 9.1 soft-
ware (SAS Institute, Cary, North Carolina).

RESULTS

Study Population

In total, 317 infants born to 315 pregnant women (98% of the 
total vaccinated cohort) were enrolled, of whom 295 (93%) 
completed the study. Reasons for withdrawal were death or 
stillbirth (n = 11), loss to follow-up (n = 6), withdrawal of con-
sent (n = 4), and relocation (n = 1). Demographics of infants 
and GBS serotype-specific antibody transfer ratios from 
mother to infant, measured at delivery, have previously been 
published [16].

Persistence of Immune Response to Group B Streptococcus in Infants 
Following Maternal Vaccination

In all GBS groups, infant GBS serotype-specific antibody GMCs 
were significantly higher than in the placebo group across all 
timepoints (Table  1). At D43, in GBS groups, GBS antibody 
GMCs were within the 2.95–5.54 μg/mL range for serotype Ia, 
0.67–0.88  μg/mL range for serotype Ib, and 0.68–0.88  μg/mL 
range for serotype III, significantly higher than in the placebo 
group (0.31 μg/mL, 0.15 μg/mL, and 0.16 μg/mL for serotypes Ia, 
Ib, and III, respectively). By D91, GBS antibody GMCs in GBS 
groups ranged from 1.97 to 2.78 μg/mL for serotype Ia, from 
0.83 to 1.08 μg/mL for serotype Ib, and from 0.51 to 0.69 μg/mL 

for serotype III, compared with 0.38 μg/mL, 0.50 μg/mL, and 
0.27 μg/mL, respectively, in the placebo group (Table 1).

Infant GBS antibody GMCs for serotypes Ia and III decreased 
to 41%–51% of levels at birth by D43 and to 26%–35% by D91, 
across all GBS groups. While GMC ratios suggested a decrease 
in antibody GMCs for serotype Ib at D43 (52%–61%) and D91 
(66%–76%) from values at birth in the GBS-vaccinated groups, 
GMC values had overlapping CIs at all timepoints (Table 1). The 
estimated GBS serotype-specific antibody half-life ranged from 
39 to 46 days for the 3 serotypes.

Exploratory analyses showed no substantial differences in GBS 
serotype-specific antibody levels among infants in GBS groups 
born from mothers vaccinated at 28 to <30, 30 to <32, 32 to 
<34, or ≥34 weeks of gestation (Supplementary Table 1). Further 
exploratory analyses showed that, among infants born to mothers 
with GBS antibody GMCs below the LLQ at baseline, infants in 
the GBS groups showed higher antibody concentration at birth, 
D43, and D91 than infants in the placebo group (Table 2). Across 
all GBS groups, the persistence of GBS serotype-specific antibody 
levels from birth up to 3 months of age was lower in infants born 
to mothers with antibody levels below LLQ at prevaccination 
than in the overall infant population (Tables 1–2).

Immune Response to Diphtheria and Pneumococcal Vaccination

All infants in the GBS groups and 95% of infants in the pla-
cebo group achieved diphtheria antibody concentrations ≥0.1 
IU/mL after DTaP-IPV/Hib vaccination (Figure 1). Diphtheria 

Table 1. Summary of Immune Responses Against Group B Streptococcus Serotypes

Serotype Day

Placeboa GBS 0.5 μg GBS 2.5 μg GBS 5.0 μg

No. Value (95% CI) No. Value (95% CI) No. Value (95% CI) No. Value (95% CI)

GBS serotype Ia

 GMC Birth 73 0.49 (.34–.71) 75 6.66 (4.03–11.0) 76 6.52 (3.96–11.0) 69 12.0 (7.21–20.0)

 GMC D43 71 0.31 (.23–.42) 75 3.21 (2.01–5.13) 76 2.95 (1.85–4.70) 68 5.54 (3.38–9.06)

 GMC D91 75 0.38 (.29–.49) 71 1.97 (1.31–2.95) 75 2.22 (1.49–3.29) 64 2.78 (1.81–4.26)

 Ratio D43:Birth 68 0.67 (.58–.77) 74 0.51 (.44–.58) 75 0.47 (.41–.54) 68 0.45 (.39–.52)

 Ratio D91:Birth 71 0.81 (.63–1.05) 70 0.31 (.25–.39) 73 0.32 (.25–.40) 63 0.26 (.20–.33)

GBS serotype Ib

 GMC Birth 62 0.21 (.14–.32) 71 1.15 (.68–1.95) 71 1.72 (1.02–2.92) 66 1.39 (.81–2.40)

 GMC D43 69 0.15 (.11–.21) 72 0.73 (.47–1.14) 77 0.88 (.57–1.35) 67 0.67 (.42–1.07)

 GMC D91 76 0.50 (.39–.63) 74 0.85 (.61–1.18) 73 1.08 (.77–1.51) 66 0.83 (.59–1.19)

 Ratio D43:Birth 57 0.82 (.62–1.08) 69 0.61 (.51–.73) 70 0.59 (.49–.71) 64 0.52 (.43–.63)

 Ratio D91:Birth 61 2.40 (1.68–3.43) 69 0.76 (.53–1.08) 67 0.69 (.49–.99) 62 0.66 (.45–.95)

GBS serotype IIIb

 GMC Birth 52 0.29 (.19–.43) 57 2.11 (1.26–3.54) 64 2.30 (1.41–3.76) 58 1.72 (1.03–2.87)

 GMC D43 63 0.16 (.12–.22) 64 0.82 (.53–1.27) 75 0.88 (.59–1.31) 61 0.68 (.43–1.06)

 GMC D91 69 0.27 (.21–.34) 63 0.60 (.42–.85) 63 0.69 (.48–.98) 57 0.51 (.35–.74)

 Ratio D43:Birth 44 0.57 (.44–.73) 48 0.49 (.39–.62) 62 0.41 (.34–.50) 51 0.44 (.36–.55)

 Ratio D91:Birth 46 0.83 (.60–1.14) 45 0.35 (.24–.49) 53 0.29 (.21–.39) 47 0.32 (.23–.45)

Data are shown as antibody GMCs and GMC ratios at days 43 and 91 compared with baseline, by timepoint (per-protocol set).

Abbreviations: CI, confidence interval; D, day; GBS, group B Streptococcus; GMC, geometric mean concentration; No., number of infants with available results in each group.
aGBS-specific antibody geometric mean concentrations at birth were negligible in the placebo group and therefore ratios for this group are unreliable.
bGBS-specific antibody concentrations were assessed by priority ranking, following the order Ia > Ib > III. Due to limitations in serum volume, it was not possible for all sera to generate final 
results in all 3 serotype enzyme-linked immunosorbent assays.
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antibody GMCs at D127 across all groups ranged from 1.49 to 
2.43 IU/mL (Table 3).

Between 59%–100% and 91%–100% of infants in all groups 
had antibody concentrations ≥0.35 μg/mL against each vaccine 
pneumococcal serotype following primary and booster PCV13 
vaccination, respectively (Figure 1), and there were no statisti-
cally significant differences between groups. One month post–
booster dose (D301), significant increases in antibody GMCs 
were observed for serotypes 6A, 6B, 18C, 19A, and 23F compared 
to postprimary vaccination (D127) levels (Table 3). Antibody lev-
els were similar between the placebo and the GBS groups for all 
serotypes, except serotype 14, for which lower antibody GMCs 
were observed after the PCV13 booster dose in the GBS 2.5 μg 
and 5.0 μg groups compared to the placebo group (Table 3).

DISCUSSION

Maternal GBS immunization is intended to protect infants 
throughout the period of vulnerability, stretching from birth 
to 3 months of age. This study evaluated for the first time the 
immune responses induced in infants born to women having 
received 1 of 3 different dosages of an investigational trivalent 
glycoconjugate vaccine against GBS. Regardless of dosage, lower 
GMCs were observed for serotypes Ib and III than for Ia, sim-
ilarly with previous observations following administration of 
the GBS trivalent vaccine in the infants’ mothers or nonpreg-
nant women [15, 16]. Following vaccination, maternal antibody 
transfer rates at birth ranged from 49% to 79% across the 3 
investigational vaccine dosages and across the 3 GBS serotypes 
[16]. At D43, infant antibody GMCs for all investigational vac-
cine serotypes ranged from 41% to 61% of the levels measured at 
birth. Infants in our study still had a large proportion of the anti-
body levels measured at birth around the median age of late-on-
set disease, which varies from 14 to 33 days of age, depending on 
geographic and economic settings [3, 22–26]. Antibody levels of 

26%–76% of values at birth were still detected at D91, indicating 
that placentally transferred GBS-specific antibodies were pres-
ent throughout the entire period of infant vulnerability to GBS-
invasive disease, as around 70% of GBS cases with late onset 
were reported to occur during the first 2 months of age [27].

The data for the GBS 5.0 μg group are in line with previously 
reported results in infants born from European and Canadian 
women receiving the same formulation [17]. A previous study 
assessing the immunogenicity of an investigational monovalent 
GBS vaccine also reported antibody persistence levels similar 
to those seen in our study, with 30% of initial infant serotype 
III–specific antibody concentrations present 60  days after 
birth [28]. However, the clinical relevance of these results is 
still unclear [29]. In recent studies using Bayesian modeling, 
a maternal serum serotype-specific antibody concentration of 
≥1 μg/mL at the time of delivery was proposed as correlate of 
protection against early-onset GBS disease caused by serotypes 
Ia and III in North American infants [9]. In South Africa, a set-
ting with a high burden of GBS invasive disease, more stringent 
thresholds of maternal antibody concentrations at time of deliv-
ery of ≥6 μg/mL and ≥3 μg/mL were estimated for prevention 
of early- or late-onset serotypes Ia and III invasive disease, with 
a transplacental antibody transfer ratio to healthy newborns of 
0.67–0.90 [30]. The difference between the thresholds proposed 
in these 2 studies may also be explained by the time at which 
the samples were collected (at delivery [9] or at 3–4 days from 
birth [30]), with South African mothers having a longer period 
of time to potentially mount a response to GBS. Another poten-
tial explanation is that different analytical methods were used to 
determine antibody concentrations. Additional data are needed 
to accurately estimate the protective thresholds and their evolu-
tion over the first 3 months of life, as the infant’s immune system 
starts maturing during that time. Furthermore, direct compar-
ison of antibody levels needs to be interpreted with caution in 

Table 2. Group B Streptococcus (GBS) Serotype-Specific Antibody Geometric Mean Concentrations (GMCs) in Infants Born to Mothers With Prevaccination 
GBS Antibody GMCs Below the Lower Limit of Quantitation, by Timepoint (Per-Protocol Set)

Serotype

Placebo GBS 0.5 μg GBS 2.5 μg GBS 5.0 μg

GMC (95% CI) GMC (95% CI) GMC (95% CI) GMC (95% CI)

GBS serotype Ia No. = 31 No. = 20 No. = 26 No. = 24

 Birth 0.18 (.15–.22) 1.43 (.58–3.53) 3.14 (1.42–6.92) 3.18 (1.40–7.25)

 D43 0.18 (.15–.21) 0.80 (.34–1.84) 1.32 (.63–2.76) 1.59 (.74–3.42)

 D91 0.27 (.20–.37) 0.74 (.37–1.48) 1.01 (.55–1.87) 0.86 (.45–1.62)

GBS serotype Ib No. = 11 No. = 9 No. = 11 No. = 8

 Birth 0.09 (.06–.14) 0.54 (.14–2.10) 0.76 (.22–2.62) 0.23 (.05–.97)

 D43 0.08 (.05–.13) 0.29 (.10–.90) 0.55 (.20–1.53) 0.15 (.05–.50)

 D91 0.23 (.11–.47) 0.49 (.18–1.33) 0.51 (.21–1.25) 0.44 (.15–1.28)

GBS serotype III No. = 3 No. = 3 No. = 4 No. = 4

 Birth 0.07 (.02–.27) 0.33 (.04–2.89) 0.85 (.13–5.56) 0.29 (.04–1.91)

 D43 0.07 (.01–.69) 0.40 (.09–1.90) 0.40 (.10–1.52) 0.17 (.05–.66)

 D91 0.23 (.02–2.16) 0.51 (.16–1.59) 0.41 (.15–1.10) 0.29 (.11–.78)

Abbreviations: CI, confidence interval; D, day; GBS, group B Streptococcus; GMC, geometric mean concentration; No., number of infants with available results in each group.
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the absence of a standardized antibody assay, despite the same 
reference sera being used in all these studies.

The timing of the investigational vaccine administration dur-
ing pregnancy was previously reported to affect antibody levels 
and persistence in infants for pertussis maternal vaccination 
[31, 32]. However, in our study, the persistence of GBS antibody 
levels in infants did not seem to be impacted by the gestational 
age at vaccination. Further subgroup analysis indicated that 
antibody concentrations in infants born to women with pre-
vaccination levels below the LLQ were lower than in the over-
all population throughout the 3 first months of life, similar to 
observations reported in the vaccinated pregnant women [16]. 
Still, these concentrations were higher in the GBS groups than 

in the placebo group, indicating that the infants might benefit 
from the vaccine-induced response in their mothers.

The half-life of GBS serotype-specific antibodies ranged 
between 39 and 46 days, which is in line with the half-life of 
other maternal transferred antibodies (47  days for pertus-
sis [32], 40 days for hepatitis A [33], 43–45 days for influenza 
virus antibodies [34], and 38 days for respiratory syncytial virus 
[35]), and longer than the reported half-life of IgG following 
intravenous administration of immunoglobulin in neonates 
(24.2 days) [36].

The importance of maternal immunization in reducing the 
risk of disease in infants is well recognized, and currently, 
antenatal immunization against influenza and pertussis is 

Figure 1. Percentage of infants with enzyme-linked immunosorbent assay antibody concentrations ≥0.1 IU/mL against diphtheria (day 127) and ≥0.35 μg/mL against pneu-
mococcal serotypes (PS) (days 127 [A] and 301 [B]), by timepoint (per-protocol set). Error bars indicate 95% confidence intervals. Abbreviation: GBS, Group B Streptococcus.
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recommended in several countries [37]. Nevertheless, follow-
ing the maternal pertussis immunization program in the United 
Kingdom, the vaccination of pregnant women with a combined 
tetanus, low-dose diphtheria, 5-component acellular pertussis, 
inactivated polio combination vaccine was found to impact 
infant immune response to diphtheria, pertussis, and CRM197-
conjugate pneumococcal or meningococcal vaccines, but not to 
TT-conjugate vaccines, when compared to historical controls 
[14]. The possible increased risk of immune interference when 
vaccines containing several CRM197-conjugated antigens are 
coadministered has been previously discussed [38]. However, 
concomitant administration of CRM197-conjugate pneumococ-
cal or meningococcal vaccines in infants was shown not to affect 
immune responses to either of the vaccines [39]. In our study, 
following maternal immunization with the investigational GBS 
vaccine, the percentages of infants achieving seroprotective 
antibody concentrations against diphtheria were comparable to 
those in the placebo group, in line with previous reports [17]. 
The same was observed for immune responses against each 
serotype of the CRM197-conjugate PCV13 except serotype 14, 

which were lower in the 2 groups with the highest GBS vaccine 
dose. A possible explanation for this finding is that the capsu-
lar epitope of GBS serotype III included in the vaccine induced 
antibodies that cross-reacted with Streptococcus pneumoniae 
serotype 14 vaccine polysaccharide, due to the very similar 
structure of the 2 capsular polysaccharides [40]. The impact of 
the GBS antibodies against serotype III on the infants’ immune 
response to PCV13 is in line with results from a study assess-
ing the kinetics of antibody concentrations after maternal vac-
cination with a pneumococcal polysaccharide vaccine, which 
showed that the presence of maternal antibodies reduced the 
immune responses to several serotypes, including serotype 14 
following immunization of infants [41].

Of note, this is also the first study reporting immune responses 
following PCV13 administration as a 2 + 1 vaccination sched-
ule with an early booster given at 9  months of age. The pro-
portions of infants with antibody concentrations ≥0.35 μg/mL 
against each vaccine pneumococcal serotype after the primary 
vaccination were similar to those previously reported after the 
administration of 2 primary doses of PCV13 at either 2 and 

Table 3. Antidiphtheria and Antipneumococcal Antibody Geometric Mean Concentrations, by Timepoint (Per-Protocol Set)

Placebo GBS 0.5 μg GBS 2.5 μg GBS 5.0 μg

No.a GMC (95% CI) No.a GMC (95% CI) No.a GMC (95% CI) No.a GMC (95% CI)

Diphtheria D127 20 2.40 (1.64–3.51) 18 2.43 (1.63–3.63) 22 1.74 (1.21–2.50) 24 1.49 (1.05–2.10)

PS-1 D127 17 3.69 (2.04–6.66) 17 4.24 (2.35–7.67) 22 3.64 (2.16–6.13) 21 3.45 (2.03–5.88)

D301 69 6.97 (5.32–9.14) 67 7.74 (5.89–10.0) 72 6.03 (4.63–7.86) 63 6.08 (4.58–8.06)

PS-3 D127 15 1.78 (1.11–2.86) 17 1.98 (1.27–3.09) 22 1.62 (1.10–2.39) 22 1.88 (1.27–2.77)

D301 67 2.45 (1.97–3.04) 66 2.58 (2.08–3.22) 69 2.28 (1.84–2.83) 62 2.37 (1.89–2.96)

PS-4 D127 17 2.86 (1.71–4.78) 17 3.28 (1.96–5.48) 22 2.85 (1.81–4.47) 22 2.81 (1.79–4.41)

D301 69 4.54 (3.60–5.71) 67 4.76 (3.77–6.02) 72 3.73 (2.97–4.67) 64 3.58 (2.81–4.54)

PS-5 D127 17 1.44 (.82–2.51) 17 1.32 (.76–2.31) 22 1.26 (.77–2.05) 22 1.29 (.79–2.11)

D301 69 2.53 (2.00–3.20) 67 2.94 (2.32–3.73) 70 2.06 (1.63–2.59) 65 2.12 (1.67–2.70)

PS-6A D127 17 1.48 (.64–3.42) 17 2.36 (1.03–5.44) 22 1.54 (.74–3.20) 22 1.13 (.54–2.36)

D301 68 8.20 (5.72–12.0) 68 10.0 (6.97–14.0) 72 5.91 (4.16–8.39) 63 6.99 (4.81–10.0)

PS-6B D127 17 0.82 (.35–1.92) 16 1.68 (.70–4.03) 22 1.32 (.62–2.78) 20 0.86 (.40–1.89)

D301 68 11.0 (8.56–15.0) 68 8.81 (6.60–12.0) 72 7.74 (5.85–10.0) 62 8.69 (6.42–12.0)

PS-7F D127 17 4.34 (2.33–8.09) 17 5.44 (2.92–10.0) 22 4.41 (2.55–7.63) 22 4.72 (2.73–8.16)

D301 68 9.36 (7.51–12.0) 68 12.0 (9.90–15.0) 72 9.06 (7.32–11.0) 64 8.40 (6.70–11.0)

PS-9V D127 17 2.11 (1.13–3.92) 17 2.28 (1.23–4.24) 22 1.39 (.81–2.40) 22 2.05 (1.19–3.53)

D301 68 4.79 (3.79–6.06) 68 4.94 (3.90–6.25) 72 3.50 (2.78–4.39) 63 4.09 (3.20–5.22)

PS-14 D127 17 3.34 (1.76–6.33) 17 3.86 (2.04–7.32) 22 4.41 (2.51–7.74) 21 4.28 (2.41–7.61)

D301 67 13.0 (9.30–18.0) 68 9.82 (7.09–14.0) 71 6.28 (4.56–8.64) 63 6.09 (4.34–8.55)

PS-18C D127 17 2.78 (1.53–5.03) 17 2.50 (1.38–4.53) 22 2.10 (1.25–3.54) 21 2.30 (1.35–3.93)

D301 69 5.75 (4.36–7.60) 66 6.67 (5.02–8.87) 72 4.74 (3.61–6.23) 64 5.52 (4.13–7.37)

PS-19A D127 17 1.54 (.75–3.15) 17 2.92 (1.43–5.96) 22 2.60 (1.39–4.87) 22 3.42 (1.83–6.41)

D301 65 8.57 (6.55–11.0) 68 8.80 (6.76–11.0) 71 5.62 (4.34–7.27) 63 8.78 (6.68–12.0)

PS-19F D127 17 5.14 (2.66–9.92) 17 3.64 (1.88–7.02) 22 6.86 (3.85–12.0) 22 5.78 (3.24–10.0)

D301 68 7.92 (5.83–11.0) 68 7.74 (5.70–11.0) 72 6.69 (4.97–9.01) 64 8.90 (6.49–12.0)

PS-23F D127 15 2.00 (.90–4.45) 17 2.87 (1.35–6.10) 20 2.25 (1.12–4.50) 19 3.51 (1.72–7.15)

D301 63 13.0 (10.0–18.0) 64 12.0 (8.72–15.0) 66 8.28 (6.25–11.0) 60 10.0 (7.63–14.0)

Abbreviations: CI, confidence interval; D, day; GBS, group B Streptococcus; GMC, geometric mean concentration; No., number of infants with available results in each group; PS, pneumo-
coccal serotype.
aThe number of infants evaluated at D127 is lower than at D301 due to the fact that the assessment of immune responses to diphtheria and pneumococcal serotypes was included in an 
amended study protocol at a time when the majority of children had already completed the D127 visit. Therefore, blood draw was only performed for the remaining 36% of enrolled infants 
for this timepoint.
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4 months or 3 and 5 months of age [42]. Furthermore, follow-
ing the administration of the booster PCV13 dose at 9 months, 
we observed robust increases in antibody GMCs for almost all 
vaccine serotypes, in line with results in infants primed with 2 
doses who received a booster dose at 11–12 months of age [42]. 
These results suggest that the PCV13 booster dose can be given 
from 9 months of age.

The study has several limitations. The relatively low num-
ber of infants in each group could have impacted the estima-
tion of significant differences between GBS vaccine dosage 
groups in terms of antibody GMCs. The results of exploratory 
analyses should be interpreted with caution. As no correlate of 
protection for infant sera has been established, evaluating anti-
body functional activity by opsonophagocytic activity assays 
could provide a more thorough comparison between studies. 
Assessing diphtheria and pneumococcal antibody levels at birth 
might have been useful to interpret immune responses to vac-
cination within the first months of life. However, the randomi-
zation process should have ensured comparable baseline levels 
across all groups, and in addition, birth levels are less relevant 
when evaluating immune responses at 10 months of age.

In summary, for all vaccine dosages, transferred GBS-specific 
antibodies continued to be detected in infants throughout the 
period of infant vulnerability, suggesting that maternal immu-
nization could be used to prevent GBS invasive disease in the 
first months of life. Vaccination of the mothers with any of the 
investigational GBS CRM197-conjugate vaccine dosages did 
not seem to have a clinically meaningful impact on immune 
responses to diphtheria toxoid and PCV13 in infants.
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