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Highlights: 

 Maternal and cord serum antibodies elicited by a single dose of  the 

investigational GBS glycoconjugate trivalent vaccine mediated phagocytic killing 

against serotype Ia, Ib, and III isolates. 

 A significant correlation between vaccine induced antibody concentrations and 

functional activity was observed for both maternal and cord sera.  

 IgG levels above 1 μg/mL were predictive of OPKA activity for all three 

serotypes. 

 Passive administration of cord antibodies conferred dose-dependent protection 

against GBS infection in a mouse neonatal challenge model 

Summary  

Objectives: The main aim of this exploratory study was to evaluate functional activity of 

antibodies elicited by a maternal Group B Streptococcus (GBS) investigational vaccine 

composed of capsular polysaccharides Ia, Ib, and III conjugated to genetically detoxified 

Diphtheria toxin CRM197. The second objective was to investigate the relationship between 

serotype-specific IgG concentrations and functional activity in maternal and cord sera. 

Methods: Maternal and cord sera collected at baseline and at delivery from vaccine and 

placebo recipients during a double-blind placebo-controlled Phase II study 

(www.clinicaltrials.gov, NCT01446289) were tested in an opsono-phagocytic bacterial 
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killing assay. Cord sera from vaccine recipients were also passively transferred to newborn 

mice to investigate conferred protection against bacterial challenge. 

Results: Antibody-mediated GBS phagocytic killing was significantly increased in maternal 

serum at delivery and in cord sera from the investigational vaccine group as compared to the 

placebo group. Anti-capsular IgG concentrations above 1 µg/mL mediated in vitro killing 

against GBS strains belonging to all three serotypes and IgG levels correlated with functional 

titers. Passively administered cord sera elicited a dose-dependent protective response against 

all GBS serotypes in the in vivo model.  

Conclusions: The maternal vaccine elicited functional antibodies that were placentally 

transferred. Anti-capsular IgG concentrations in maternal and cord sera were predictive of 

functional activity and in vivo protection in the mouse model. 
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Introduction 1 

Group B Streptococcus (GBS) is a leading cause of invasive disease in early infancy. Up to 2 

30% of pregnant women carry GBS bacteria in their lower gastrointestinal or genitourinary 3 

tract and up to 1% of neonates born to colonized mothers become infected in utero or during 4 

delivery [1, 2]. GBS neonatal disease is classified into two types based on onset of disease. 5 

Early onset disease (EOD) mainly presents during the first week after birth while late onset 6 

disease occurs between >7 days and up to 90 days after birth. The most common disease 7 

manifestations are sepsis, pneumonia, and meningitis, with frequent sequelae and possible 8 

death. EOD incidence has declined after implementation of intrapartum antibiotic 9 

prophylaxis [3-5] although this practice does not impact LOD and widespread use of 10 

antibiotics has raised concerns over allergic reactions and potential emergence of resistant 11 

strains. A safe and effective GBS vaccine is therefore needed to further reduce the mortality 12 

and severe morbidity associated with both EOD and LOD and decrease the risk of antibiotic 13 

resistance.  14 

Placental transfer of naturally-acquired maternal antibodies against GBS that protect infants 15 

from invasive infection was first reported in a small case study in 1976 [6]. A direct 16 

relationship between maternal immunoglobulin G (IgG) levels against three of the ten known 17 

GBS capsular polysaccharides (CPS) and reduced risk of neonatal infection has since been 18 

established [7-11]. Investigational glycoconjugate vaccines targeting the most frequent CPS 19 

are under development for maternal administration with the aim of eliciting and enhancing 20 

specific antibodies for placental transfer and neonatal protection [12-14]. 21 

A recent Phase II randomized placebo-controlled, observer-blind, multicenter study 22 

conducted in Belgium and Canada investigated the safety and immunogenicity of an 23 

investigational glycoconjugate formulation of three major CPS serotypes (Ia, Ib, III) among 24 

women receiving one dose of vaccine during the third trimester of pregnancy, and antibody 25 

Page 4 of 24



5 

  

placental transfer. Study results indicated an acceptable safety profile and 16-, 23-, and 20-26 

fold increase in IgG geometric mean concentrations against CPS Ia, Ib, and III respectively in 27 

vaccinated women from baseline to delivery, with placental transfer rates between 68% and 28 

81% [15].  29 

Protection mediated by CPS-specific antibodies relies on phagocytic killing of opsonized 30 

bacteria by host effector cells [16]. Here we used an opsono-phagocytic bacterial killing 31 

assay (OPKA) to assess killing of GBS serotypes Ia, Ib, and III by differentiated human HL-32 

60 effector cells, in the presence of maternal or cord sera from subjects who participated in 33 

the trivalent Phase II study [15]. The relationship between CPS-specific IgG concentrations 34 

and OPKA titers against serotypes Ia, Ib, and III was investigated both in maternal and cord 35 

samples. Functional activity of placentally transferred IgG was also assessed in vivo by 36 

testing the capacity of cord sera to passively protect newborn mice from GBS infection. 37 

 38 

Materials and methods 39 

Study design and participants 40 

Study NCT01446289 (Clinical Trial Registration: ClinicalTrials.gov, www.clinicaltrials.gov) 41 

[15] enrolled 86 pregnant women from Belgium and Canada aged 18-40 years at 24-35 42 

gestation weeks and randomized 3:2 to receive one dose of an investigational GBS vaccine 43 

containing CPS Ia, Ib, and III conjugated to CRM197 detoxified Diphtheria toxin, or placebo, 44 

by intramuscular injection. A 0.5-mL dose of vaccine reconstituted with 0.9% sodium 45 

chloride contained 5 micrograms of each capsular polysaccharides individually conjugated to 46 

CRM197.  47 

The study was conducted in accordance with the Declaration of Helsinki and the principles of 48 

Good Clinical Practice. The protocol was reviewed and approved by the appropriate ethics 49 

review committees and institutional review boards, and informed written consent was 50 
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obtained from all women on behalf of themselves and their infants before enrolment in the 51 

trial. 52 

Blood samples were collected from women before (baseline) and 30 days after vaccination, at 53 

delivery (+72 hours collection window) and 91 days postpartum. Cord blood was taken at 54 

birth and when cord blood was not available, infant peripheral blood was collected within 72 55 

hours from birth. All sera were stored at −20°C.  56 

The analysis of antibody functional activity was conducted in the Belgian subset of 55 57 

maternal serum pairs collected at baseline and at delivery and 53 cord/infant samples 58 

collected at delivery with sufficient volumes for OPKA (0.5 mL) and for mouse passive 59 

protection assays (1.5-2.0 mL). A total of 33 maternal and 31 cord samples from the vaccine 60 

group and 22 maternal and cord samples from the placebo group were available and used for 61 

OPKA analysis. Demographic characteristics were consistent across vaccine and placebo 62 

groups. The overall mean age at vaccination was 30.2 years (standard deviation [SD] ± 4.7), 63 

and 98% of women were Caucasian. The mean gestational age at enrolment was 29.7 weeks 64 

(SD ± 3.2) and 38.9 weeks (SD ± 1.1) at delivery. All women delivered after at least 37 65 

weeks of gestation. The number of weeks between vaccination and delivery ranged between 3 66 

and 16, with a mean of  9.1 (SD ± 3.5).  67 

Mouse protection experiments were conducted by passive administration of available cord 68 

sera. These included samples from the vaccine group having quantifiable IgG anti-Ia (n=9), 69 

Ib (n=8), and III (n=10) concentrations, samples from the placebo group with quantifiable 70 

IgG anti-Ia (n=5) concentrations, and negative samples showing no quantifiable IgG anti-Ia 71 

(n=2), Ib (n=5), and III (n=4) (see Suplementary Table 1). 72 

Determination of IgG concentrations against CPS Ia, Ib and III  73 

The enzyme-linked immunosorbent assay (ELISA) protocol used to measure maternal and 74 

cord CPS-specific IgG concentrations has been previously reported [15]. Briefly, 96-well 75 
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plates were coated with 100 ng of GBS polysaccharides (Ia, Ib, or III) conjugated to human 76 

serum albumin. The plates were incubated with serially diluted serum samples for 1 hour at 77 

37°C, washed and further incubated for 90 minutes at 37°C with an alkaline phosphatase-78 

conjugated goat anti-human IgG. After further washing, SeramunGelb pNPP was added to 79 

the plates and incubated for 30 minutes at room temperature. The reaction was stopped with 80 

SeramunGelb stop. Optical density values were measured at 405 nm using a BEP III ELISA 81 

processor. Antibody concentrations were assigned by Mikrowin 2000 software analysis using 82 

Standard curves from weighed Standard sera for serotypes Ia [8], Ib [17], and III [9]. The 83 

assay lower limits of quantification (LLQ) were 0.326, 0.083, and 0.080 µg/mL for serotypes 84 

Ia, Ib, and III respectively. Individual IgG concentrations below the LLQ were assigned an 85 

arbitrary value of half the LLQ for calculation of geometric mean concentrations. 86 

OPKA for determination of antibody functional activity  87 

OPKA were performed with GBS strains 515, H36b, and COH1 representing serotypes Ia, Ib, 88 

and III respectively and differentiated HL-60 cells as previously described [11, 18]. The 89 

assays were conducted in 96-well microtiter plates, in a total volume of 125 μL/well. Each 90 

reaction contained heat inactivated test serum (12.5 μL), GBS (6 x 10
4
 colony forming units 91 

[CFU]), differentiated HL-60 cells (1.5-2.5 x 10
6
 cells) and either 10%, 5%, or 2% baby 92 

rabbit complement (Cederlane) in Hank’s balanced salt solution (Gibco) for serotypes Ia, Ib, 93 

and III respectively. For each serum sample, four serial dilutions were tested. Negative 94 

controls lacked effector cells, or contained either negative sera or heat inactivated 95 

complement.  96 

After reaction assembly, plates were incubated for 1 h at 37 °C. Prior to incubation [T0] and 97 

after 1 h incubation [T60] reactions were diluted in sterile water, plated onto trypticase soy 98 

agar plates with 5% sheep blood (Becton Dickinson) and incubated over night at 37 °C. Final 99 

bacterial counts were performed manually. GBS killing was calculated for each tested serum 100 
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dilution as (CFU at T0 – CFU at T60)/(CFU at T0). OPKA titers were expressed as the 101 

reciprocal serum dilution mediating 50% bacterial killing estimated through piecewise linear 102 

interpolation of killing measured at each serum dilution. The LLQ of the assaywas 1:30 based 103 

on the minimum dilution of the test sample. The assay coefficient of variation (based on 104 

analysis of 10 sera by two different operators on 3 different days) was 30% for all serotypes. 105 

Individual OPKA titers below the LLQ (<30) were assigned an arbitrary value of half the 106 

LLQ for the determination of geometric mean titers (GMTs), graphical representation and 107 

non-parametric hypothesis testing. 108 

In vivo passive protection model  109 

Groups of 8-10 newborn CD1 mice (Charles River Laboratories, Calco, Italy) received one 110 

intraperitoneal injection of cord sera containing different concentrations of anti-Ia, Ib, or III 111 

IgG, from 0 to 500 ng, diluted in phosphate buffered saline (20 µL/mouse) within 24 hours 112 

from delivery. Supplementary Table 1 reports the total number of tested cord samples for 113 

the three investigated anti-Ia, Ib, or III IgG ranges (15-30 ng, 100-150 ng, or 250-500 ng) and 114 

the number of passively immunized pups in each group, including negative sera recipient 115 

groups. Twenty-four hours after passive transfer with cord sera, pups were injected 116 

intraperitoneally with a 70-100% lethal dose of GBS strains 090 (Ia, 1.5-3 x 10
2 

CFU/mouse), 117 

H36B (Ib, 1.1-1.7 x 10
6 

CFU/mouse), or M781 (III, 1.1-2.8 x 10
5 

CFU/mouse) in Todd-118 

Hewitt broth [19]. After bacterial challenge, mice were monitored every 12 hours for 4 days 119 

and euthanized for humane reasons when they exhibited pre-established endpoints. The 120 

number of surviving pups after 4 days of infection was used to evaluate protection by the 121 

passively transferred sera. All animal experiments were approved by and conducted 122 

according to the guidelines of Animal Welfare from GSK and the Italian Istituto Superiore di 123 

Sanità.  124 

Statistical analysis 125 
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The numbers of sera presenting detectable OPKA titers (>30) at baseline and at delivery 126 

within each treatment group (vaccinated or placebo) were compared using the McNemar’s 127 

test of hypothesis and the Bayesian analysis described in detail in the Supplementary 128 

materials. The proportions of sera presenting detectable OPKA titers either at baseline or at 129 

delivery were compared across treatment groups using the chi-square test for proportions. 130 

OPKA titers measured in maternal sera and their corresponding cord sera were compared 131 

using Spearman’s rank correlation. Geometric mean OPKA titers between vaccine and 132 

placebo groups were compared using the Mann-Whitney test. Anti-capsular IgG 133 

concentrations and OPKA titers in samples presenting detectable values in both assays were 134 

compared using the chi-square test for proportions and orthogonal Deming regression. 135 

Analyses were conducted using the statistical software R, version 3.3.1 [20] and Graph Pad 136 

Prism version 6.0.  137 

 138 

Results 139 

Antibody-mediated GBS opsono-phagocytic killing in maternal and cord sera 140 

Antibody functional activity in samples collected prior to vaccination and at delivery was 141 

assessed by OPKA. A total of 55 maternal serum pairs and 53 cord samples were available 142 

for analysis. A summary of the obtained data is presented in Table 1 and in Figure 1. For all 143 

serotypes, the rate of OPKA-positive (titers > 30) maternal samples at delivery was higher in 144 

the investigational vaccine recipients (herein “vaccine group”) compared to the placebo 145 

group (p-values <.0001). As shown in Table 1, among the 33 women belonging to the 146 

vaccine group, the rate of OPKA-positive maternal sera increased from 33%, 18%, and 42% 147 

at baseline to 97%, 61%, and 88% at delivery for serotypes Ia, Ib, and III, respectively (p-148 

values <.001, posterior probabilities above 95%). Among the 22 placebo maternal samples, 149 

55%, 5%, and 36% were OPKA-positive before treatment and 55%, 14%, and 41% at 150 
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delivery for serotypes Ia, Ib, and III, respectively, with no statistically significant change (p-151 

values >.05, posterior probabilities ≤16%).  152 

Sixteen out of 33 maternal sera from the vaccine group were OPKA-positive at delivery 153 

against all three serotypes compared to 0 out of 22 in the placebo group (p-values <.001). 154 

Further, 28 out of 33 of the women receiving the investigational vaccine were OPKA positive 155 

at delivery against both the major serotypes Ia and III, (p-values <.001) compared to 4 out of 156 

22 placebo recipients.  157 

The OPKA GMTs at delivery against serotypes Ia, Ib, and III were higher in the vaccine 158 

group compared with placebo (Table 1, all p-values <.001). In the vaccine group, GMTs at 159 

delivery were higher in women presenting detectable OPKA activity prior to vaccination 160 

compared to OPKA negative women at baseline (2244, 5100, and 5671 versus 317, 797, and 161 

469 for serotypes Ia, Ib, and III, respectively, all p-values <.001). 162 

The rate of OPKA-positive cord sera was again higher in the vaccine group compared to 163 

placebo for all serotypes (94% [Ia], 45% [Ib], 71% [III] versus 68%, 5%, and 9%; p-values 164 

<.001). All 31 cord sera from the vaccine group were positive against at least one serotype 165 

and 26 were positive against at least two serotypes, while 16 out of 22 placebo cord sera were 166 

OPKA positive against at least one serotype and 2 against two serotypes.  167 

The proportions of OPKA-positive maternal sera at delivery that also presented OPKA-168 

positive cord sera were 95% (41/43) for serotype Ia and 67% for serotypes Ib and III (14/21 169 

and 24/36 respectively). The correlations between the quantifiable maternal OPKA titers at 170 

delivery and their corresponding cord titers (41, 14, and 24 GBS Ia, Ib, and III sample pairs) 171 

were 76% (Ia and Ib) and 81% (III) (all p-values <<.001). 172 

Association between OPKA functional activity and anti-capsular IgG  173 

The relationship between opsono-phagocytic activity against GBS Ia, Ib, and III in maternal 174 

and cord sera and the corresponding CPS-specific IgG concentrations were investigated [15]. 175 
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Table 2 shows the number of samples presenting ELISA IgG concentrations and OPKA titers 176 

within the quantifiable range of the assays, for each serotype and serum source (maternal at 177 

baseline, maternal at delivery, paired infant cord) across the vaccine and placebo groups. 178 

Table 2 also shows that IgG concentrations and OPKA titers were measured from sera 179 

presenting respectively OPKA titers or IgG concentrations below their LLQs. It was not 180 

possible to include these data in ELISA-OPKA rank correlations and regression analyses.  181 

The association between ELISA and OPKA positivity was significant for all serotypes and 182 

serum sources (p-value <.05) except for serotype Ib cord sera (p-value =.3). This discrepancy 183 

was due to 21 cord sera with IgG anti-Ib above the LLQ (0.083 μg/mL) but undetectable 184 

OPKA activity. The concentrations in maternal sera and cord sera presenting no quantifiable 185 

OPKA titers in the vaccine and placebo groups are shown in Supplementary Table 2. Anti-186 

Ia IgG concentrations above the LLQ (0.326 μg/mL) accurately predicted positive OPKA 187 

titers in all serum sources. For the other serotypes, the minimum IgG concentration predicting 188 

an OPKA-positivity was 0.7 μg/mL for all III sera, 0.9 μg/mL for Ib maternal sera, and 1.2 189 

μg/mL in Ib cord sera.  190 

Correlations between the IgG concentrations and their corresponding OPKA titers were 191 

estimated for all three serotypes and serum sources (Table 3). These results indicated a 192 

strong association between the IgG measured in maternal and cord sera and the 193 

corresponding OPKA titers for all three serotypes (p-values <.001) when both measurements 194 

were within the quantifiable ranges.  195 

This relationship was further investigated using regression analysis. Figure 2 reports the 196 

fitted log2-log2 orthogonal regression lines between maternal IgG concentrations and their 197 

corresponding OPKA titers at delivery (panels A-C), cord sera IgG and their OPKA titers (D-198 

F), and maternal IgG at delivery versus cord OPKA titers (G-I); all quantifiable 199 

measurements for both the vaccine and placebo groups were included in each analysis. All 200 
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regression slopes were positive and statistically significant, ranging from 0.5 for serotype Ib 201 

maternal delivery sera up to 1.1 for serotype Ia maternal ELISA at delivery vs cord OPKA 202 

(Supplementary Table 3). These estimates showed that, when IgG concentrations are 203 

doubled, the corresponding OPKA titer is predicted to increase between 50% and 110%. Of 204 

note, measurements from both the vaccine and the placebo groups fell within the same 205 

regression line (Figure 2), although the limited number of placebo OPKA-positive samples 206 

did not allow for a statistical comparison of  ELISA-OPKA data between the vaccine and 207 

placebo groups.  208 

Prediction of mouse neonatal protection by anti-capsular IgG concentrations  209 

Functional activity in cord sera was also investigated in a pre-clinical in vivo model that 210 

mimics human neonatal sepsis where newborn mice were passively transferred with cord sera 211 

from the vaccine group containing different anti-CPS Ia, Ib, or III IgG concentrations, or no 212 

specific IgG (negative controls), followed by GBS intraperitoneal challenge (Supplementary 213 

Table 1). Figure 3 shows the mean protection levels against GBS Ia, Ib or III challenge in 214 

animals who received anti-CPS IgG in the ranges of 15-30 ng, 100-150 ng, or 250-500 ng. 215 

For all serotypes, statistically significant protection (p-values <.001) was observed in mice 216 

receiving at least 100 ng of specific IgG compared to negative controls. Protection levels 217 

were dose-dependent and highest protection rates were achieved with 250-500 ng dosages.  218 

For serotype Ia passive administration of cord serum from subjects belonging to the placebo 219 

group versus the vaccine group for each equivalent specific IgG range was also compared. 220 

Significant protection was achieved in pups administered cord serum from the vaccine or the 221 

placebo groups for concentrations above 100 ng compared to pups receiving 15-30 ng of IgG 222 

or the negative sera (Supplementary Figure 1), confirming similar levels of functional 223 

activity of CPS-specific IgG elicited either by natural exposure or by vaccination. 224 

 225 
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Discussion  226 

This exploratory analysis demonstrated that administration of a single dose of an 227 

investigational GBS glycoconjugate trivalent vaccine during pregnancy resulted in 228 

statistically significant increases in antibody mediated GBS opsono-phagocytic killing in both 229 

maternal and cord blood at delivery compared with placebo. Cord sera passively transferred 230 

to newborn mice conferred a dose-dependent protective response against all three GBS 231 

serotypes, with significantly higher survival rates in pups receiving doses of specific antibody 232 

above 100 ng (approximately equivalent to 1 µg/mL of specific IgG in the mouse blood) 233 

compared to negative controls. Consistently, maternal and cord IgG levels above 1 μg/mL 234 

were predictive of OPKA functional activity for all three serotypes. These results confirmed 235 

that CPS-specific IgG elicited by the trivalent vaccine play a major role in the defence against 236 

GBS. 237 

Higher OPKA titers post-vaccination were observed in the population of women presenting 238 

detectable functional activity at baseline compared with those having negative OPKA titers 239 

prior to vaccination. These data are consistent with the previously reported ELISA results 240 

from the same study indicating higher immune responses in the primed population [15].  241 

The rate of OPKA-positive sera was higher against Ia and III compared to Ib both at baseline 242 

and post-vaccination, despite similar IgG concentration distributions between the three 243 

capsular types. This suggests that marginally higher anti-CPS IgG may be necessary to 244 

mediate phagocytic killing of GBS Ib compared to the other serotypes; whether this 245 

difference applies only to the H36B strain used here for OPKA or also to other Ib isolates 246 

will require further investigations. The higher number of Ia and III OPKA positive sera 247 

compared to Ib could also be associated with the higher frequency of these two serotypes 248 

among colonized women, and therefore a stronger priming/boosting effect that could result in 249 

higher affinity and more functional antibodies. 250 
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From a clinical development perspective, the low incidence of GBS invasive disease in 251 

neonates indicates that an extremely large Phase III study involving pregnant women would 252 

be necessary to demonstrate efficacy of an investigational vaccine; moreover, these 253 

assessments would be particularly difficult if conducted in regions currently using 254 

intrapartum antimicrobial prophylaxis. Based on the inverse relationship between maternal 255 

anti-CPS antibody and the occurrence of neonatal infection [6], putative maternal CPS-256 

specific IgG concentrations predictive of infant protection have been developed in case-257 

control studies where sera from mothers delivering neonates with invasive GBS disease were 258 

matched with GBS-colonized mothers delivering non infected infants [7, 10, 11]. A positive 259 

correlation between naturally acquired maternal IgG concentrations anti-CPS Ia, Ib, and III 260 

and OPKA functional titers was reported in the European DEVANI study [11]. Here we have 261 

extended this observation by showing that IgG titers in maternal sera from vaccinated women 262 

are predictive of OPKA titers against each GBS serotype. This analysis of cord sera showed 263 

the strongest correlation between ELISA IgG levels and OPKA titers, which could be related 264 

to placental transfer of a high affinity IgG subpopulation. Quantifiable measurements from 265 

both the vaccine and the placebo groups fell within the same regression line, suggesting 266 

comparable functional activity of naturally-acquired and vaccine-induced GBS antibodies. In 267 

the mouse passive immunization model, equivalent amounts of cord anti-Ia IgG from either 268 

the placebo or the vaccine group provided comparable neonatal protection against GBS Ia 269 

challenge, supporting similar functional activity of antibodies originating from natural 270 

exposure or from vaccination. If confirmed, this relationship could further support the use of 271 

IgG concentrations derived from case-control epidemiological studies as surrogates of 272 

protection to predict the efficacy of maternal vaccines targeting GBS neonatal disease.  273 

Our study has some limitations. Firstly, a relatively small number of maternal serum pairs 274 

and cord samples was available for assessment; more precise predictions on the relationship 275 
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between maternal and cord IgG titers and antibody functional activity will be possible with 276 

future analysis of higher numbers of sera. Secondly, the current lack of standardized assays 277 

across laboratories limits the possibility to extrapolate the results of this analysis to data 278 

measured in other studies. Assay standardization will also facilitate the definition of global 279 

serocorrelates of protection against GBS neonatal invasive disease.  280 

Overall, this study provides further evidence that CPS-specific IgG can play a major role in 281 

neonatal defence against GBS and that elicitation of functional antibodies by glycoconjugate 282 

vaccine combinations in pregnant women may constitute a suitable approach to the 283 

prevention of perinatal infections caused by GBS strains belonging to different serotypes. 284 
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Figure 1. Opsono-phagocytic bacterial killing titers in maternal and cord sera. OPKA titers 

against GBS serotypes Ia, Ib and III are presented at delivery in maternal sera and in paired 

infant cord sera from the placebo and vaccine groups. Each point represents one individual 

serum; individual titers below the LLQ (<30) were assigned an arbitrary value of half the 

LLQ; geometric mean titers with 95% confidence intervals are indicated by horizontal bars. 

Mann-Whitney test  p-values: * p<.05; ** p<.01; *** p<.001; **** p<.0001. 

 

Figure 2. Correlation between functional activity of anti-GBS antibodies and CPS-specific 

IgG concentrations in maternal and cord sera. Log2-log2 linear orthogonal regression 

analysis of quantifiable anti-)CPS Ia, Ib, and III IgG concentrations and corresponding 

measurable OPKAtiters are presented for individual maternal sera at delivery and paired 

infant cord sera. In each panel, vaccinated and placebo subjects are represented by full and 

empty dots respectively. Dashed lines represent the 95% probability bands about the 

regression lines. Spearman correlations between IgG concentrations and OPKA titers are 

reported in the panel titles.  

 

Figure 3. Passive protection of newborn mice by cord sera. Within 24 hours from delivery, 

mice received 20 µL of cord sera containing different concentrations of IgG anti-CPS Ia (A), 

Ib (B) or III (C) in the ranges indicated in the x-axis; animals treated with negative sera were 

used as controls. Pups were infected with GBS 090 (Ia, A), H36b (Ib, B) or M781 (III, C) 24 

hours later. Histograms report the estimated protection average for each serotype/IgG range 

and lines indicate the standard deviation. ** p-values ≤.001. 
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Table 1. ELISA and OPKA analysis of functional activity in maternal and infant cord sera from the vaccine and placebo groups.  

  GBS Serotype Ia  GBS Serotype Ib GBS Serotype III 

    
Maternal 

Baseline 

Maternal 

Delivery 
Infant Cord 

Maternal 

Baseline 

Maternal 

Delivery 
Infant Cord 

Maternal 

Baseline 

Maternal 

Delivery 
Infant Cord 

Vaccine Total no. of sera 33 33 31 33 33 31 33 33 31 

no. of OPKA ≥30 11 (33%) 32 (97%) 29 (94%) 6 (18%) 20 (61%) 14 (45%) 14 (42%) 29 (88%) 22 (71%) 

OPKA GMT 
a 36 555 294 23 234 102 56 890 326 

Max OPKA titer 732 15900 33572 287 16115 26523 1196 26138 20917 

 ELISA GMC (g/mL) 
a 0.2 3.3 2.2 0.1 3.6 3.8 0.1 2.9 2.1 

Placebo Total no. of sera 22 22 22 22 22 22 22 22 22 

no. of OPKA ≥30 12 (55%) 12 (55%) 15 (68%) 1 (5%) 3 (14%) 1 (5%) 8 (36%) 9 (41%) 2 (9%) 

OPKA GMT 
a
  79 70 61 17 20 16 46 55 20 

Max OPKA titer 1524 1517 1553 189 144 49 1640 933 579 

 ELISA GMC (g/mL) 
a 0.5 0.5 0.4 0.1 0.1 0.1 0.1 0.1 0.1 

Note: In brackets are reported the % of OPKA positive sera. 

a
 For GMC and GMT estimation, antibody concentrations and OPKA titers below the LLQ were assigned an arbitrary value of half the LLQ. 

Abbreviations: ELISA, enzyme-linked immunosorbent assay; GBS, Group B Streptococcus; GMC, geometric mean concentration; GMT, geometric mean titer; LLQ: lower 

limit of quantification; OPKA, opsono-phagocytic bacterial killing assay.  
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Table 2. Number of sera with detectable ELISA IgG concentrations and OPKA titers by serum source for each individual Group B 

Streptococcus serotype. 

 
      

Maternal  Maternal   Infant  

        
Baseline Delivery Cord 

        OPKA titer 

      <LLQ ≥LLQ <LLQ ≥LLQ <LLQ ≥LLQ 

Serotype Ia 

E
L

IS
A

 I
g
G

 t
it

er
  <LLQ 32 10 11 6 9 9 

≥LLQ 0 13 0 38 0 31 

Serotype Ib 
<LLQ 29 0 16 0 5 0 

≥LLQ 17 7 15 22 21 11 

Serotype III 
<LLQ 25 10 13 5 16 0 

≥LLQ 8 12 4 33 6 18 

Note: Lower limit of quantification (LLQ) of ELISA: 0.326 μg/mL (Ia), 0.083 μg/mL (Ib) and 0.080 µg/mL (III); LLQ of OPKA: 1:30 for all serotypes. 

Abbreviations: ELISA, enzyme-linked immunosorbent assay; OPKA, opsono-phagocytic bacterial killing assay. 
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Table 3. Rank correlations between measured ELISA IgG concentrations and corresponding OPKA titers at delivery.  

 

GBS Serotype 

Ia Ib III 

Maternal ELISA vs OPKA 78 86 78 

Cord ELISA vs OPKA 90 96 93 

Maternal ELISA vs cord OPKA 91 94 92 

Notes: All correlations were significant for each serotype (Spearman correlation p-values <.001). No significant difference was detected between correlations. 

Abbreviations: ELISA, enzyme-linked immunosorbent assay; GBS, Group B Streptococcus; OPKA, opsono-phagocytic bacterial killing assay. 
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