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Abstract

Group B Streptococcus (GBS) is a leading cause of morbidity and mortality in infants, and 

colonization of the maternal genital tract is the primary risk factor for newborn infection. Despite 

the importance of mucosal colonization in GBS pathogenesis, relevant host and bacterial factors 

are incompletely understood. We investigated the role of humoral immunity in clearance of 

vaginal colonization in vivo. B-cell-deficient mice or those lacking neonatal Fc-receptor, a 

mediator of IgG transport to the vaginal mucosa, exhibit prolonged GBS vaginal colonization 

compared to wild type animals. Intranasal but not intramuscular immunization induced systemic 

and mucosal immune responses and decreased GBS colonization duration without altering initial 

colonization density. Vaccine-induced clearance of GBS was serotype-specific, suggesting a role 

for anti-capsule antibodies in protection. Our results support a role for humoral immunity in GBS 

eradication from the female genital tract and suggest that mucosal vaccination may prime 

colonization clearance.
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INTRODUCTION

Group B Streptococcus (GBS; Streptococcus agalactiae) can be transmitted to the newborn 

via mucosal exposure during parturition, or to the fetus via ascension of the organism from 

the vagina to the placenta or amniotic fluid. Colonization of the maternal genital tract is the 
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primary risk factor for infection and occurs in 10–30% of pregnant women [1]. Clinical 

guidelines advocate GBS screening at 35–37 weeks gestation with intrapartum antibiotic 

prophylaxis (IAP) for colonized women [2]. These efforts have decreased early–onset (EO) 

GBS disease rates by 80% [3]. Late-onset (LO) GBS has not decreased significantly [4]. 

Missed opportunities for GBS prevention contribute to the ongoing burden of EO GBS 

disease [5]. No GBS vaccine is currently licensed, but candidate polysaccharide conjugate 

vaccines are in trials [6].

Immune mechanisms of GBS colonization clearance are incompletely understood. Recent 

data implicate IL-17 as a host response to colonization and a possible mediator of clearance 

[7]. Clinical studies suggest that serotype-specific immune responses may follow 

asymptomatic colonization [8–10] and may mediate protection against disease or 

colonization. We investigated the role of humoral immunity in colonization clearance. IgG 

predominates over IgA at the vaginal mucosa [11], and the neonatal Fc-receptor (FcRn) 

functions to transport IgG to the mucosal surface throughout life [12,13]. We demonstrate 

that mice lacking either antibody production (µMT) or FcRn have a defect in clearance of 

GBS from the vagina and that mucosal immunization primes clearance of colonization.

MATERIALS AND METHODS

Animals, bacterial strains and cell lines

Experiments involving animals were carried out in accordance with institutional and 

National Institutes of Health guidelines. Female wild-type C57BL6/J (8–12 weeks), FcRn-

knockout (KO) mice (B6.129X1-Fcgrttm1Dcr/DcrJ) and µMT mice (B6.129S2-Ighmtm1Cgn/J) 

were from Jackson Laboratories. Streptomycin-resistant derivatives of the fully sequenced 

GBS strains CNCTC 10/84 (serotype V) [14] and COH1 (serotype III) [15]were grown at 

37°C in trypticase soy (TS) and plated on CHROMagar™ StrepB plates. Human 

Endometrial Carcinoma (HEC-1A) cells (ATCC HTB-112) were propagated in McCoy’s 5a 

Medium with 10% heat-inactivated FBS and 1% sodium pyruvate at 37°C, 5% CO2.

Vaginal Colonization

The vaginal colonization protocol was adapted from Randis et al. [16]. Female mice at 8–12 

weeks of age were estrus-synchronized (10 µg 17β-estradiol subcutaneously 48 and 24 hours 

prior to colonization). Washed stationary phase GBS was resuspended in a mixture of 1:1 TS 

broth and sterile 10% gelatin, final concentration 108 CFU/mL. Following anesthesia with 

3–5% isoflurane, 50 µL GBS-gelatin mixture was administered intravaginally. Animals were 

housed separately for the remainder of the experiment. Vaginal swabs were collected every 

2–3 days using a sterile, polyester-tipped swab agitated in 300 µL PBS, with serial dilutions 

plated to quantify organism recovery. Candidate GBS colonies were patched onto Columbia 

Naladixic Acid, 5% Sheep Blood to confirm β-hemolysis. Clearance of GBS was defined as 

two consecutive swabs without detectable colonization (lower limit 100 CFU/mL) 48–72 

hours apart.
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Immunohistochemistry

HEC-1A cells were grown to ~50% confluence in glass-bottomed chamber slides and fixed 

with 4% paraformaldehyde. Non-specific binding was blocked using 5% donkey serum with 

0.2% triton-X 100 diluted in PBS. Primary antibody, rabbit polyclonal anti-FcRn IgG (Santa 

Cruz; 50 µg/mL), was added and incubated for 1 hour. Following washes with 0.2% Triton-

X 100 in PBS, secondary antibody, donkey anti-rabbit IgG-AF488 (1:500), was incubated in 

the dark for 30 minutes. After washes, coverslips were mounted with Prolong Gold/DAPI 

(Life Technologies) and images acquired on a Zeiss AxioObserver Z1.

Adhesion Assay

HEC-1A cells were incubated with 50 µg/mL rabbit polyclonal anti-FcRn IgG or 50 µg/mL 

control rabbit polyclonal IgG for 1 hour at pH 7.4. Cells were washed with PBS and 

incubated in media at pH 6 for 30 min. GBS (CNCTC 10/84) liquid culture was grown to 

stationary phase and washed twice in PBS. GBS was then diluted in cell culture media to 

achieve desired MOIs and added to cells for 1 hr at 37°C/5% CO2. Wells were washed with 

sterile PBS, monolayers lifted via treatment with trypsin, and serial dilutions plated to 

enumerate CFUs.

Ethanol-killed whole-cell GBS preparation

Preparation of ethanol-killed bacteria was performed as previously described [17]. Briefly, 

50 mL culture of GBS was grown overnight in TS at 37°C, centrifuged at 18,000g at 4°C, 

and washed twice with chilled DPBS. The pellet was resuspended in 5 mL of chilled DPBS 

and kept on ice. Chilled 100% EtOH was slowly added to the GBS-PBS suspension to a 

final concentration of 70%. The preparation was stirred at 4°C and centrifuged at 18,000×g 
for 10 minutes at 4°C. The pellet was washed twice with 20 mL chilled DPBS and 

resuspended in 2.5 mL of sterile DPBS. To confirm sterility, 25 µL of the preparation was 

added to 5 mL of sterile TS broth, and another 25 µL was plated on blood agar and both 

were incubated at 37°C overnight. The killed whole-cell GBS preparation was aliquotted 

and stored at −80°C.

Vaccine preparation

The whole cell GBS vaccine consisted of ethanol-killed whole cell GBS (CNCTC 10/84) at 

a final concentration equivalent of ~109 CFU/mL mixed with cholera toxin subunit B 

(Sigma) at a final concentration of 80 µg/mL (diluted in DPBS). The control vaccine 

preparation consisted of cholera toxin subunit B in DPBS at a final concentration of 80 

µg/mL.

Immunization

For active immunization experiments, mice were anesthetized and vaginally swabbed to 

establish baseline antibody titers on day 1. Mice that were being immunized intranasally 

then received 25 µL of either GBS or control vaccination into their left naris. On day 2, mice 

were again anesthetized and immunized with 25 µL of their respective vaccine into their 

right naris. The intranasal vaccine was given over two days due to volume restraints when 

administering liquid via this route. Mice that were being immunized intramuscularly 
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received 50 µL of either GBS or control vaccination in their right caudal thigh muscle on 

Day 1. A 50 µL dose of vaccine has 1.8 × 108 CFU equivalent of GBS. Mice received equal 

dosed boosters in the same manner every two weeks until GBS intravaginal inoculation on 

day 34 post-immunization. Vaginal swab specimens were collected weekly initially, then 

every 2–3 days following intravaginal GBS colonization. Blood samples were obtained 

biweekly throughout the entire experiment to measure plasma antibody titers (alternate 

weeks from boosters). Mice were anesthetized, and 100–150 µL blood obtained from the 

retro-orbital venous sinus or the submandibular veins.

For passive immunization, 24 hr prior to colonization, estrus-synchronized animals received 

an intraperitoneal injection of 100 µL of immune serum from rabbits vaccinated with 

ethanol-killed whole-cell GBS (Cocalico; anti-GBS antibody titers of >1:3×106 as 

determined by ELISA), or normal rabbit serum (anti-GBS antibody titers of 1:3×104 by 

ELISA).

Whole-cell GBS ELISA for plasma and vaginal titer determination

Vaginal swab specimens and plasma samples were analyzed by ELISA. GBS was grown to 

stationary phase, centrifuged, and resuspended in coating buffer (0.71% Na HCO3, 0.16% 

Na2CO3 in sterile water, pH 9.5). ELISA plates were then coated with whole cell GBS in 

coating buffer and incubated overnight at 4°C. Plates were then washed twice with washing 

buffer (0.05% Tween-20 in PBS) and blocking solution (10% FBS in PBS) added to each 

well for 1 hr. Samples were added to each well at five-fold dilutions (in blocking solution) 

for 2 hr at RT, followed by the addition of the secondary antibody, goat anti-mouse IgG-HRP 

(1:1000), goat anti-rabbit IgG-HRP, or HRP-goat anti-mouse IgA (1:500), incubated for 1 

hour, and washed five times. Internal controls were included on each plate. Negative controls 

were prepared as above, with exclusion of the primary antibody. Positive controls for the 

IgG ELISA consisted of wells coated with recombinant vaginolysin (VLY, 10 µg/100 ml 

coating buffer), an immunogenic toxin produced by G. vaginalis [18] treated with 

monoclonal mouse anti-VLY IgG (GenScript, 1:10 dilution). Positive controls for the IgA 

ELISA consisted of wells coated with IgA, κ from murine myeloma clone TEPC-15 (Sigma) 

with addition of secondary HRP-goat anti-mouse IgA. TMB ELISA substrate was added (10 

min, dark incubation), and the reaction was stopped with 2N sulfuric acid. OD450 was read 

on a Tecan Infinite M200. Titers were defined as the last dilution at which OD450 > 0.125.

Statistics

Colony counts and titer values were compared using Mann-Whitney-U analyses. 

Colonization clearance times of various groups were compared using Mantel-Cox analyses.

RESULTS

Humoral immunity contributes to clearance of GBS vaginal colonization in vivo

We sought to determine the role of humoral immunity in the maintenance of GBS 

colonization [16]. There was no difference in GBS colonization density of WT mice and 

µMT mice at 48 hours (Figure 1A). The µMT mice demonstrated a prolonged time to 

colonization clearance, with median clearance times of 34 days in the µMT vs. 20 days in 
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the WT (P<0.05, log-rank) (Figure 1B). Similarly, FcRn-KO mice had comparable initial 

colonization densities to WT (Figure 1C). The FcRn-KO group demonstrated a prolonged 

time to colonization clearance (median clearance time of 65 days vs. 34 days in the WT 

group; P=0.005, log-rank) (Figure 1D).

In order to evaluate the possibility that GBS could bind directly to FcRn, we performed 

adhesion assays using HEC-1A cells. HEC-1A cells expressed FcRn, as demonstrated by 

immunofluorescence (Supplemental Figure 1A), consistent with prior reports [19]. FcRn 

blocking antibody did not impair GBS adherence to HEC-1A cells compared to control IgG 

(Supplemental Figure 1B).

Intranasal immunization with ethanol-killed whole cell GBS induces a robust immune 
response and enhances GBS clearance

We immunized mice intranasally with ethanol-killed whole cell GBS combined with the B 

subunit of cholera toxin acting as an adjuvant, or a vehicle control using PBS with cholera 

toxin B. Systemic IgG antibody titers revealed a significant immune response in the mice 

receiving whole-cell GBS vaccine three weeks after immunization (P<0.0001, Mann-

Whitney-U analysis), with median titers reaching 1:3×106 in the immunized group, 

compared to a maximum median titer of 1:3×104 in the control group (Figure 2A). We also 

measured vaginal mucosal IgG titers and saw a significant immune response at three weeks 

post-immunization (P<0.001) (Figure 2B), with peak median titer at five weeks post-

immunization of 1:800 in the GBS immunized mice, compared to 1:10 in control mice. 

Plasma and vaginal mucosal IgA titers were similar between the two groups (Figure 2C, 

2D). The mice were then vaginally inoculated with the same strain of live GBS 34 days after 

immunization. All mice had similar GBS burdens 48 hours after colonization (Figure 2E). 

Immunized mice demonstrated faster GBS colonization clearance, with a median clearance 

time of 12 days, compared to 30 days in the control group (P<0.001, log-rank) (Figure 2F).

In order to determine whether prior vaccination and/or colonization conferred a benefit for 

subsequent colonization clearance, both groups of mice were then re-colonized with the 

same strain of GBS four weeks after the last control mouse had cleared the initial 

colonization. All mice had similar GBS burdens initially. When followed over time, the two 

groups were found to have statistically similar times to colonization clearance (P=0.81, log-

rank), with both groups notably clearing colonization more quickly than the control group in 

Figure 2F (Figure 3).

Enhanced GBS colonization clearance with intranasal immunization with ethanol-killed 
whole-cell GBS is serotype-specific

Two groups of WT mice were immunized intranasally with either the whole cell GBS or 

control vaccine. All mice were then colonized with the COH-1 GBS strain (serotype III) five 

weeks after immunization, with similar initial GBS burdens (Figure 4A). Immunized and 

control groups had statistically similar median times to colonization clearance, with a 

median clearance time of 33.5 days in the immunized mice and 26 days in the control mice 

(P=0.48, log-rank) (Figure 4B).
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Intramuscular vaccination induces an immune response but does not enhance GBS 
clearance

Following intramuscular immunization, there were significant increases in anti-GBS IgG 

titer (both systemic and vaginal) beginning three weeks after immunization (P<0.01, Mann-

Whitney-U analysis) (Figure 5A, 5B). Mice were then vaginally colonized with GBS 

(CNCTC 10/84) 34 days after immunization. The groups had similar GBS burden after 

colonization (Figure 5C). Despite the significant immune response noted in both the plasma 

and vaginal mucosa, the two groups of mice did not have significantly different times to 

colonization clearance, with median clearance times of 9 days in the immunized mice and 16 

days in the control mice (P=0.87, log-rank) (Figure 5D). It is notable that both groups 

appeared to clear GBS colonization from the vaginal tract more quickly than typical WT 

clearance times noted in other experiments.

Passive immunization does not prime GBS colonization clearance

Similarly, we passively immunized mice with anti-whole-cell GBS rabbit immune serum. 

Two groups of WT mice were passively immunized with an intraperitoneal injection of 100 

µL of either anti-GBS immune serum or control rabbit serum 24 hours prior to intravaginal 

colonization with GBS. Plasma IgG titers were measured every two weeks and vaginal IgG 

titers were measured weekly. We observed a significant immune response in the plasma 

within one week after immunization, with IgG titers of 1:1×105 compared to 1:50 in the 

control group, an effect that was sustained until five weeks after immunization (P<0.005, 

Mann-Whitney-U analysis) (Figure 6A). The immunized mice had a weak but significant 

vaginal immune response, with IgG titers reaching a peak of 1:75 on day 3 post-

immunization, compared to 1:1 in the control group (P<0.005, Mann-Whitney-U analysis) 

(Figure 6B). After intravaginal colonization with the same strain of GBS (strain 10/84), all 

mice had a statistically similar GBS burden at 48 hours (Figure 6C). The two groups of mice 

had statistically similar times to colonization clearance, with a median clearance time of 21 

days in immunized mice and 14 days in control mice (P=0.55, log-rank) (Figure 6D).

DISCUSSION

We investigated the contribution of humoral immunity to the clearance of GBS colonization 

and to investigate the role of immunization in colonization clearance. Other groups have 

studied GBS immunization strategies, typically using murine models of systemic infection 

[20,21] or protection against lethal neonatal disease [20,22,23]. Other reports have 

investigated non-vaccine mechanisms of control of GBS vaginal colonization in murine 

models [24–26].

Mature B cells are important in GBS colonization clearance from the female genital tract, as 

demonstrated by the prolonged clearance time in µMT mice. The eventual clearance of 

colonization in these mice suggests an additional antibody-independent mechanism of GBS 

clearance. FcRn-mediated transcytosis of IgG has been shown to operate bidirectionally 

[27], suggesting a route for both sensing and responding to infections. FcRn is expressed in 

uterine and vaginal tissue of mice [13]. The prolonged vaginal GBS colonization observed in 

the FcRn-KO mice suggests a potential role for the presence of local anti-GBS IgG in host 
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defense against GBS colonization. We hypothesized that IgG produced from active 

immunization with ethanol-killed whole-cell GBS would be transported across the vaginal 

mucosa and contribute to local immune defense to enhance colonization clearance.

Prior data demonstrate an immune response to both colonization with GBS [28,29]and 

immunization against a variety of GBS proteins [30–32]. Intranasal immunization of mice 

with Rib, a GBS surface protein, induces systemic IgG and local IgA antibody responses 

and also confers protection against an intraperitoneal LD90 bacterial challenge [21]. Maione 

et al. immunized pregnant mice with a combination of four GBS surface proteins and found 

protection of pups against LD90 injections of GBS [33]. Likewise, maternal vaccination with 

recombinant GAPDH from GBS was protective in models of neonatal infection [23]. 

Santillan et al. intravaginally infected mice 46 days after immunization with C5a peptidase, 

and found decreased maternal colonization and protection of pups born to vaccinated dams 

[34,35]. The generation of GBS-specific antibodies is likely responsible for protection from 

GBS observed in these studies and our own. However, direct comparison of the host 

antibody response to various vaccination strategies is complicated by the lack of a 

standardized approach to titer determination.

Maternal antibody against the GBS polysaccharide capsule is associated with a reduction in 

neonatal disease [8,36]. Purified type-III polysaccharide from human immune serum is 

protective against infection with a homologous strain in neonatal rats [37]. Thus, 

development of GBS vaccines in humans has focused on the use of purified capsular 

polysaccharides with or without protein conjugates [38–44]. Our data support the potential 

significance of anti-capsule antibody as a mediator of colonization clearance, as the 

protection derived from our intranasal vaccine appears to be serotype-specific.

Vaccination route played a significant role in enhancement of colonization clearance, with 

intranasal (but not intramuscular) immunization producing a significant effect. Others have 

shown the efficacy of intranasal vaccination against viral vaginal pathogens [45–48], in 

addition investigations of the effects of intranasal immunization using GBS antigens [21,32]. 

Mucosal vaccination may provide superior protection against pathogens of the genital 

mucosa. Intranasal immunization with a live thymidine kinase-deficient HSV-2 induces 

production of effector T cells and their transport to the vaginal mucosa, whereas 

intraperitoneal immunization does not. These effects of mucosal immunization led to 

superior protection against intravaginal HSV-2 challenge. Xue et al. noted a superior 

immune response against GBS-specific antigens in intranasally immunized mice with 

significantly higher serum IgG and vaginal IgA levels than control, whereas subcutaneous 

immunization only resulted in elevated serum IgG levels. Of note, Xue et al. also 

demonstrated that the mucosal group immunized with an adjuvant elicited a greater response 

than the group without adjuvant. Our finding of rapid clearance of GBS from both the 

control and GBS-immunized mice via the intramuscular route demonstrate a potential role 

for systemic adjuvant in GBS colonization clearance, a non-specific effect shown by other 

groups [49].

Cholera toxin B is a mucosal adjuvant known to induce immune responses in the female 

vaginal tract [50,51]. Johansson et al. [51] investigated the vaginal immune response after 
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administering cholera toxin or its B subunit, determining that the vaginal and intranasal 

routes were more efficient than intraperitoneal and perioral routes in stimulating local IgA 

responses, with the intranasal route inducing high levels from the vagina to the fallopian 

tubes.

Our results support the notions that humoral immunity enhances GBS colonization clearance 

from the female genital tract and that vaccination may prime colonization clearance. It is 

clear that additional elements of immunity play a role in colonization clearance. Patras et al. 

recently defined a role for IL-17 in GBS clearance [7]. Further work is needed to determine 

the specific roles of T cells, dendritic cells and other immune components. Understanding 

immune mechanisms underlying GBS clearance would facilitate the development of vaccine 

strategies targeting colonization, which could in turn aid population-level control of GBS 

disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Asymptomatic colonization is the major risk factor for GBS disease, but 

relevant immune mechanisms are poorly understood.

• Mice lacking antibody or the neonatal Fc receptor had prolonged vaginal GBS 

colonization compared to wild-type controls.

• Mucosal but not systemic GBS immunization primed colonization clearance.
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Figure 1. The humoral immune response plays a role in host defense against GBS colonization
(A) Vaginal CFU/mL GBS at 48 hr post-colonization of µMT mice vs. WT mice shows 

similar initial colonization densities. (B) Kaplan-Meier curve demonstrates significantly 

prolonged vaginal GBS colonization in µMT mice, 10 mice per group (P<0.05, log-rank). 

(C) Vaginal CFU/mL GBS at 48 hrs post-colonization of FcRn-KO mice vs. WT mice. (D) 
FcRn-KO mice have significantly prolonged vaginal GBS colonization, 5 mice per group 

(P<0.005, log-rank).

Baker et al. Page 13

Vaccine. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Intranasal active immunization induces IgG immune response and enhances GBS 
clearance from the vaginal tract of WT mice
(A) Plasma anti-GBS IgG titers, with significantly elevated titers in immunized mice three 

weeks after vaccination, at day −13 (P<0.0001, Mann-Whitney-U analysis) until four weeks 

after colonization, at which time the titers become statistically similar between the two 

groups. Data points represent median values with interquartile ranges. (B) Vaginal anti-GBS 

IgG titers, with significantly elevated titers in immunized mice three weeks after 

vaccination, at day −13 (P<0.001, Mann-Whitney-U analysis), until three weeks after 
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colonization, at which time the titers become statistically similar between the two groups. 

Data points represent median values with interquartile ranges. (C) Plasma anti-GBS IgA 

titers with elevated titers in both groups of mice five weeks after immunization, but no 

significant difference between the two groups. Data points represent median values with 

interquartile ranges. (D) Vaginal anti-GBS IgA titers with no significant difference between 

the two groups. Data points represent median values with interquartile ranges. (E) Vaginal 

CFU/mL GBS at 48 hrs post-colonization of immunized mice vs. control mice shows similar 

initial colonization densities. (F) Kaplan-Meier curve demonstrates significantly enhanced 

vaginal GBS colonization in immunized WT mice, with median clearance times of 12 days 

in immunized mice and 30 days in control mice, 10 mice per group (P<0.001, log-rank).
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Figure 3. Prior colonization with GBS enhances clearance of subsequent colonization from the 
vaginal tract
Kaplan-Meier curve demonstrates enhanced GBS clearance after re-colonization of both 

previously immunized mice and mice that had previously received the sham vaccine, with 

median clearance times of 19 days in the immunized mice and 9 days in the control mice, 5 

mice per group (P=0.81, log-rank).
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Figure 4. Intranasal immunization with killed whole-cell GBS induces serotype-specific 
enhancement of clearance from the female genital tract
(A) Vaginal CFU/mL GBS at 48 hrs post-colonization of immunized mice vs. control mice 

shows similar initial colonization densities. (B) Kaplan-Meier curve demonstrating 

statistically similar GBS colonization clearance times in the female genital tract of WT mice 

colonized with COH-1 (serotype III) after immunization with killed whole-cell 10/84 

(serotype V) GBS, with median clearance times of 33.5 days in the immunized mice and 26 

days in the control mice, 6 mice per group (P=0.48, log-rank).
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Figure 5. Intramuscular immunization induce immune response but do not enhance GBS 
colonization clearance from the vaginal tract of WT mice
(A) Vaginal CFU/mL GBS at 48 hrs post-colonization of intramuscularly immunized mice 

and control mice, demonstrating similar initial colonization densities. (B) Serum anti-GBS 

IgG titers after intramuscular active immunization, with significantly elevated titers in 

immunized mice beginning three weeks after vaccination (P<0.01, Mann-Whitney-U 

analysis). Data points represent median values with interquartile ranges. (C) Vaginal anti-

GBS IgG titers after intramuscular active immunization, with significantly elevated titers in 

immunized mice beginning three weeks after vaccination, at day −13 (P<0.01, Mann-

Whitney-U analysis). Data points represent median values with interquartile ranges. (D) 
Kaplan-Meier curve demonstrates no significant difference in vaginal GBS clearance in 

intramuscularly immunized WT mice compared to control mice, with median clearance 

times of 9 days in immunized mice and 16 days in control mice, 5 mice per group (P=0.87, 

log-rank).
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Figure 6. Passive immunization induces immune response but does not enhance GBS 
colonization clearance from the vaginal tract of WT mice
(A) Vaginal CFU/mL GBS at 48 hrs post-colonization of immunized mice and control mice, 

demonstrating similar initial colonization densities. (B) Plasma anti-GBS IgG titers after 

intraperitoneal passive immunization, with significantly elevated titers in immunized mice 

noted within one week of vaccination, sustained until 5 wks post-immunization (P<0.005, 

Mann-Whitney-U analysis). Data points represent median values with interquartile ranges. 

(C) Vaginal anti-GBS IgG titers after intraperitoneal passive immunization, with mildly 

significant elevation of titers noted in immunized mice two days after colonization, sustained 

until 16 days post-colonization (P<0.05, Mann-Whitney-U analysis). Data points represent 

median values with interquartile ranges. (D) Kaplan-Meier curve demonstrates no significant 

difference in vaginal GBS clearance in immunized WT mice compared to control mice, with 

median clearance times of 21 days in immunized mice and 14 days in control mice, 6 mice 

per group (P=0.55, log-rank).
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