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Abstract

Early patterns of gut colonization may predispose children to adult disease. Exposures in utero and 

during delivery are associated with the infant gut microbiome. Although ~35% of women carry 

group B strep (GBS; Streptococcus agalactiae) during pregnancy, it is unknown if GBS presence 

influences the infant gut microbiome. As part of a population-based, general risk birth cohort, 

stool specimens were collected from infant’s diapers at research visits conducted at approximately 

1 and 6 months of age. Using the Illumina MiSeq (San Diego, CA) platform, the V4 region of the 

bacterial 16S rRNA gene was sequenced. Infant gut bacterial community compositional 

differences by maternal GBS status were evaluated using permutational multivariate analysis of 

variance. Individual operational taxonomic units (OTUs) were tested using a zero-inflated negative 

binomial model. Data on maternal GBS and infant gut microbiota from either 1 (n=112) or 6 

month (n=150) old samples was available on 262 maternal-child pairs. Eighty women (30.5%) 

were GBS+, of who 58 (72.5%) were given intrapartum antibiotics. After adjusting for maternal 

race, prenatal antifungal use and intrapartum antibiotics, maternal GBS status was statistically 

significantly associated with gut bacterial composition in the 6 month visit sample (Canberra 

R2=0.008, P=0.008; Unweighted UniFrac R2=0.010, P=0.011). Individual OTU tests revealed that 

infants of GBS+ mothers were significantly enriched for specific members of the Clostridiaceae, 

Ruminococcoceae, and Enterococcaceae in the 6 month samples compared to infants of GBS- 

mothers. Whether these taxonomic differences in infant gut microbiota at 6 months lead to 

differential predisposition for adult disease requires additional study.
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Introduction

Early patterns of gut colonization may predispose children to disease risk later in life.1, 2 

The most dramatic developmental changes in the lower gut microbiome occur over the 1st 

year of life as bacterial burden increases and the assemblage becomes more anaerobic and 

shifts largely to fermentative metabolism.3, 4 Despite changes in the gut microbiome 

occurring as a result of common early-life events (e.g. introduction of solid foods; weaning 

from breastfeeding/formula; transition to cow’s milk), sometime between ages 1 and 3 years 

the bacterial community becomes compositionally stable and largely resembles that of the 

adult gut microbiome.3–7 While there is growing research into the developing gut 

microbiome, there remains the need to study other potential prenatal or early-life 

determinants of the infant gut microbiome.8

Approximately 35% of pregnant women carry group B strep (GBS; Streptococcus 
agalactiae) vaginally and/or anorectally.9 While this is usually asymptomatic for the mother, 

there are serious, potentially devastating implications for neonatal health, including sepsis, 

pneumonia and meningitis, if it is transmitted to the neonate. Risk of such complications, 

particularly early-stage complications (i.e. within 1st week of life) has been markedly 

reduced with GBS screening and intrapartum prophylactic antibiotic use guidelines for those 

that screen positive.10, 11 These guidelines have not been without controversy. For instance, 

the number needed to be screened to reduce one early-stage complication is large, and there 

is little evidence that the guidelines prevent late-onset complications.12 Furthermore, the use 

of peripartum antibiotics, which would include GBS prophylaxis in the intrapartum period, 

may negatively impact the developing neonatal gut microbiome and place that child at risk 

for other future diseases.13

Little is known, however, about the role of GBS or antibiotic prophylaxis for GBS in the 

developing human microbiota. In the relatively limited published studies, there is conflicting 

evidence on whether pregnant women carrying GBS have differences in the vaginal 

microbiome. Kubota et al (2002) examined the vaginal microbes in 4,025 pregnant women 

22 to 36 weeks gestation in Japan; 408 (10.1%) women were GBS positive (GBS+).14 GBS+ 

women had fewer bacterial strains recovered and had lower percentages of anaerobes, fungi 

and Lactobacillus than GBS negative (GBS−) women.14 In a study of 623 healthy pregnant 

women, vaginal swabs were taken at gestational age 35–40 weeks and a culture-based 

approach used to identify specific isolates of the vaginal microbiome; women with GBS had 

frequent co-isolation of Candida albicans.15 In contrast, in a small study of 42 pregnant 

women (15 GBS+) conducted in Poland, there were no qualitative or quantitative differences 

in vaginal and rectal bacteria by GBS status.16 Finally, in a study of 26 newborns with GBS+ 

mothers who received antibiotic prophylaxis and 26 newborns with GBS- mothers without 

antibiotic use, Aloiso et al demonstrated that antibiotic prophylaxis for GBS resulted in 

decreased bifidobacteria counts in newborn stool (6–7 days of age).17
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If the presence of GBS alters the vaginal microbiome of pregnant women, this potentially 

may also influence early-life microbial exposures encountered during birth, the development 

of the infant gut microbiome, and risk of future disease of the offspring. Thus, the aim of 

this study was to determine if maternal prenatal GBS carrier status, accounting for 

intrapartum antibiotic treatment, was associated with differences in the early-life gut 

microbiota of offspring in the racially and socioeconomically diverse Wayne County Health, 

Environment, Allergy and Asthma Longitudinal Study (WHEALS) birth cohort.18, 19

Methods

WHEALS recruited pregnant women with due dates from September 2003 through 

December 2007, and who were seeing a Henry Ford Health System (HFHS) obstetrics 

practitioner at one of five clinics to establish a birth cohort.18, 19 All women were in their 

second trimester or later, were aged 21–49 years, and were living in a predefined geographic 

area in western Wayne County that included the western portion of the city of Detroit as well 

as the suburban areas immediately surrounding the city. All participants provided written, 

informed consent and study protocols were approved by the Institutional Review Board at 

HFHS.

Stool specimens and sequencing of the gut microbiota

Home visits with participants were conducted targeting infant ages 1 and 6 months. Families 

were asked to retain the most recent soiled diaper prior to the home visit. These early-life 

specimens have been frozen since the day of collection at −80°C. The data for this analysis 

was generated for another study where stool specimens for gut microbiota analysis were 

selected on the basis of (1) having outcome data from the 2-year research clinic visit; (2) 

having a paired dust sample available; and (3) family still actively participating in the study.

A total of 308 stool specimens from 308 subjects (i.e. a single specimen per subject) meeting 

these criteria were selected for microbiota analysis; the V4 region of the bacterial 16S rRNA 

gene was successfully sequenced in 298 stool specimens (130 from 1 month visits and 168 

from 6 month visits) using the Illumina MiSeq (San Diego, CA) platform. Stool specimens 

from the 1 month visit were collected at a mean±standard deviation (SD) of 39.7±18.9 days 

and stool specimens from the 6 month visit were collected at a mean±SD of 211.0±34.2 

days. Throughout, “1 month” and “6 month” samples are used as labels of the intended time 

period of sample collection.

Sequence data was processed in QIIME; operational taxonomic units (OTU) were defined at 

97% sequence similarity using open reference OTU picking.20 The median sequence read 

depth was 316,200 (interquartile range=90,700; minimum=202,367; maximum=577,700). 

To account for the variation in read depth across sample, samples were rarefied to the 

minimum read depth. As rarefying the data once may result in an unrepresentative sampling 

of the bacterial community present (particularly when many rare taxa are present), each 

sample was rarefied multiple times (n=100 per sample) and the most representative sub-

sampling, defined as that which exhibited the minimum average Euclidean distance from 

itself to all other sub-samplings for a given sample, was chosen to represent the bacterial 

community composition of that sample in downstream analyses.
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GBS Status

As part of routine prenatal care, GBS screening was conducted according to Centers for 

Disease Control and Prevention (CDC)/American Congress of Obstetricians and 

Gynecologists American/Academy of Pediatrics guidelines in place at the time of 

WHEALS.10 Briefly, between 35–37 weeks gestation, a swab of the vagina and perianal 

region was obtained and cultured for GBS. Women who were GBS culture positive were 

then identified as requiring treatment with intrapartum antibiotics during labor. Maternal 

prenatal electronic medical records were abstracted and results from the GBS screening 

recorded. Infants were identified as colonized by GBS if at least one sequence read from an 

OTU represented by the species Streptococcus agalactiae was detected in their stool. Infant 

GBS-associated disease was identified using ICD-9 codes (041.0; 041.02; 038.0; 320.2) and 

defined as early-onset (0–6 days) or late-onset (7–89 days).

Covariate Measurement

Maternal date of birth, race, marital status, number of previous births (parity) and current 

breastfeeding (at one month) were self-reported. Maternal prenatal and delivery medical 

records were abstracted to obtain height and weight at first prenatal care visit, antibiotic and 

antifungal use, mode of delivery, gestational age at delivery, infant birthweight and infant 

gender. Antibiotic use during pregnancy was defined as systemic antibiotic use (ingestion, 

intravenous, intramuscular) at any time during pregnancy, and antifungal use was defined as 

use of a vaginally applied antifungal medication any time during pregnancy.21 Antibiotic use 

during delivery was defined as any antibiotic given within two days prior to or on the date of 

delivery. Maternal body mass index at first prenatal care visit was defined as maternal 

weight (in kg) divided by maternal height (in m2). Gender- and gestational-age adjusted 

birthweight Z-scores were calculated using the US population as a reference.22

Statistical Methods

Maternal and neonatal characteristics were compared by maternal GBS status using a chi-

square or Fisher’s exact test for discrete characteristics and a Wilcoxon rank sum test for 

continuous characteristics. There are known gut microbiota compositional changes over the 

first year of life;3, 4 thus, all analyses were stratified by research visit (i.e. 1 or 6 month 

visit). Permutational multivariate analysis of variance (PERMANOVA) as implemented in 

the R vegan23 package was used to assess compositional differences in the microbiota by 

maternal GBS status and other covariates of interest, using Unweighted and Weighted 

UniFrac as well as Canberra dissimilarity metrics.24, 25 These measures were chosen as they 

represent both phylogenetic measures (i.e. the UniFrac metrics, which take into account 

evolutionary relationships between sequences) and a non-phylogenetic measure (i.e. the 

Canberra metric, which is based on OTU counts). The Unweighted UniFrac measure 

considers the presence/absence of an OTU (giving equal consideration to both common and 

rare OTUs), while the Weighted UniFrac further incorporates information on the abundance 

of OTUs (emphasizing the impact of more common OTUs).26 In each PERMANOVA 

analysis, 10,000 Monte Carlo permutations were utilized. Alpha diversity indices of 

bacterial richness (number of unique OTUs present), evenness (relative distribution of OTUs 

in a community), and Inverse Simpson’s diversity were estimated using QIIME and the R 

Cassidy-Bushrow et al. Page 4

J Dev Orig Health Dis. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



vegan23 package to further characterize the microbiota by GBS status, with tests of 

association between these measures and GBS status conducted using Wilcoxon Rank Sum 

tests. Individual bacterial OTUs were tested for differential abundance using a zero-inflated 

negative binomial model, or a standard negative binomial model in cases where the zero-

inflated models failed to converge. Tests were performed unadjusted and adjusted for 

maternal race, antifungal use in pregnancy and intrapartum antibiotics. Multiple testing was 

corrected for using the False Discovery Rate (FDR) q-values,27 where a q-value<0.05 

(equivalent to a false discovery rate threshold of less than 5%) was considered statistically 

significant. Except where otherwise noted, all analyses were carried out using the R 

programming language (version 3.1.1, R Foundation for Statistical Computing, Vienna, 

Austria).

Results

A total of 298 infants had gut microbiota profiles available. Several women did not have 

prenatal medical record abstraction (n=10) and 26 women had missing GBS data in their 

prenatal records; thus, 36 women were excluded from the analysis. We compared the 262 

women in the analytic sample to the 36 women excluded from the analytic sample; among 

basic maternal and neonate characteristics (Table 1 variables), only mean gestational age at 

delivery was different in women who were and were not included in the analytic sample 

(38.9±1.5 vs. 37.9±2.4 weeks, respectively; P=0.019).

We compared children with 1 month vs. 6 month stool (i.e., independent children) to 

evaluate any systematic differences. No factor (Table 1 variables) was statistically significant 

(all P>0.05) except for antibiotic use before stool sample collection. Children with 6 month 

stool specimens had more antibiotic exposure before stool sample collection (22.4%) 

compared to 2.9% in those with 1 month stool sample collection (P<0.001). However, when 

exposure times were standardized by restricting to antibiotic use before the 1 month visit in 

both groups, there were no differences in rates of very early life antibiotic use (P=0.73).

A total of 80 (30.5%) women were GBS+. Table 1 presents characteristics of the analytic 

sample by maternal GBS colonization. Mean gestational age at GBS test was lower in GBS

+ (34.7±2.4 weeks) compared to GBS− (35.4±1.6 weeks) women (P=0.031). There were 

suggestive racial differences in maternal GBS colonization, where African American women 

were more likely GBS+ (P=0.091). As expected, GBS+ women were significantly more 

likely to have received antibiotics during delivery than GBS− women (58 (75%) vs. 51 

(29%), P<0.001). Among the 80 GBS+ women, 58 (75%) used antibiotics during delivery, 2 

(3%) used antibiotics during pregnancy but not delivery, and 17 (22%) never used antibiotics 

during pregnancy or delivery (3 unknown). GBS+ women who delivered vaginally were 

more likely to use antibiotics during delivery compared to GBS+ women who delivered via 

C-section, though these differences did not reach statistical significance (39 (83%) vs. 19 

(63%), respectively; P=0.093). GBS+ women were also more likely to have used a 

vaginally-applied antifungal medication during pregnancy (P=0.011). One infant developed 

late-onset GBS, accompanied by pneumonia, at age 7 days.
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Maternal GBS status and the infant gut microbiota

There was no evidence that maternal GBS status was associated with microbial composition 

in the samples from the 1 month visit either before or after covariate adjustment (Table 2). 

However, after adjusting for maternal race, prenatal antifungal use, and intrapartum 

antibiotics, there was evidence maternal GBS status explained a portion of the observed 

variation in gut microbiota composition in samples from the 6 month visit (Table 2). Both 

the Canberra metric (R2=0.008, P=0.008), which is the non-phylogenetic measure and the 

unweighted UniFrac metric (R2=0.010, P=0.011), which is the phylogenetic measure, 

suggested that GBS status was statistically significantly associated with gut microbiota 

composition in samples from the 6 month visit (Table 2). There were no differences in the 

alpha diversity metrics at 1 or 6 months by maternal GBS status (Table 3). There was no 

difference in the association between maternal GBS status and microbial composition 

stratified by mode of delivery or breastfeeding (data not shown).

In both 1 and 6 month samples, in models adjusted for maternal race, prenatal antifungal use 

and intrapartum antibiotics, we found evidence of differences in individual OTUs by GBS 

status. The count of the number of statistically significant OTUs within a family are 

presented by sample timing in Table 4. In the 1 month samples, there were a total of 121 

differential OTUs (q-value < 0.05), 65 of which were in significantly higher abundance in 

infants of GBS+ mothers, and 56 of which were in significantly lower abundance in infants 

of GBS+ mothers (Table 4; see Supplementary Table S1 for specific OTUs). In the 1 month 

samples, infants of GBS+ mothers had higher abundances of specific Clostridiaceae and 

Enterobacteriaceae OTUs and were relatively depleted of Veillonellaceae OTUs compared to 

infants of GBS- mothers. In the 6 month samples, there were a total of 201 differential OTUs 

(q-value<0.05), 140 of which were in significantly higher abundance in infants of GBS+ 

mothers, and 61 of which were in significantly lower abundance in infants of GBS+ mothers 

(Table 4; see Supplementary Table S2 for specific OTUs). Infants of GBS+ mothers had 

higher abundances of specific Clostridiaceae, Ruminococcoceae, and Enterococcaceae 
OTUs compared to infants of GBS- mothers.

We conducted a sensitivity analysis examining the association of GBS status, stratified by 

intrapartum antibiotic use. In women who used intrapartum antibiotics, there was no 

evidence that GBS was associated with infant gut microbiota in either the 1 or 6 month 

sample (all P>0.18). In contrast, there was marginal evidence that among women without 

intrapartum antibiotic use, GBS status was associated with compositionally distinct 

microbiota at 6 month visit only (Unweighted UniFrac R2=0.014; P=0.10).

Maternal GBS and evidence for GBS colonization in the infant

Infants born to GBS+ mothers were more likely to have GBS detected in their stool (Table 

3); this was statistically significant for samples from the 1 month visit. The association 

between maternal GBS status and GBS colonization in the infant gut in the 1 month sample 

varied by delivery mode; in the sample from the 1 month visit, children born vaginally to 

GBS+ mothers were more likely to be colonized with GBS than children born vaginally to 

GBS- mothers (P=0.016) whereas there was no association in children born via C-section 

(P=1.0). Among GBS+ mothers, there was no difference by breastfeeding in infant GBS 
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colonization in stool from the 1 month (11.8% vs. 33.3% in those who breastfed vs. not; 

P=0.23) or 6 month visits (25.8% vs. 8.3% in those who breastfed vs. not; P=0.41). 

Similarly, among GBS+ mothers, there was no statistically significant difference by 

antibiotic use during delivery in infant GBS colonization in stool from the 1 month (23.1% 

vs. 25.0% in those who did vs. did not receive antibiotic during delivery; P=1.00) or 6 month 

visits (15.6% vs. 36.4% in those who did vs. did not receive antibiotic during delivery 

P=0.20).

Discussion

To our knowledge, this is the first study to examine the association between maternal GBS 

status, adjusted for intrapartum antibiotic use, and the infant gut microbiota. There was 

evidence that maternal GBS status was associated with gut microbiota composition in infant 

stool samples collected at approximately 6 months of age. In our sample, infant gut GBS 

colonization in samples from the 1 month visit was associated with maternal GBS status, 

indicating that maternal transmission of GBS to her infant occurs and persists for several 

weeks postnatally.

In our study, we detected taxonomic differences by maternal GBS status in samples from the 

6 month visit. Specifically, infants of GBS+ mothers had higher abundances of certain 

Clostridiaceae, Ruminococcoceae, and Enterococcaceae OTUs. These taxonomic differences 

may represent groups of taxa that both co-exist and compete with GBS and therefore result 

in abundance shifts dependent on maternal GBS status.29, 30 Interestingly, in the one month 

sample, children of GBS+ mothers also had higher abundances of Clostridiaceae OTUs 

compared to children of GBS- mothers. Clostridiaceae, which are members of the 

Firmicutes phylum, have been shown to be enriched in children at risk for diseases such as 

celiac disease28 and in children with food allergy.29 Future studies examining if maternal 

GBS status is associated with differential risk of disease in offspring, and whether this is 

mediated via alterations in the gut microbiome, are needed.

Approximately 30% of our mothers were GBS+, which is consistent with previously 

reported rates of GBS carriage of ~35%.9 As described elsewhere,30 African-American 

women were more likely to be GBS+. There was a slight statistical difference in week of 

GBS testing by GBS positivity (34.7±2.4 weeks in GBS+ and 35.4±1.6 weeks in GBS- 

mothers); whether this is a real difference that may be influenced by changes in the vaginal 

microbiome over pregnancy or is simply chance requires further study. Women who were 

GBS+ were more likely to have used antibiotics and antifungals during pregnancy. GBS 

during pregnancy, although often asymptomatic, can cause urinary tract infection31 which 

may lead to antibiotic use during pregnancy. Bayó et al (2002) describe that C. albicans is 

often co-isolated with GBS in pregnant women,15 which may explain the higher rate of 

antifungal use in this group.

In our sample of GBS+ mothers, there was evidence in the medical record that 75% were 

treated with antibiotic prophylaxis during delivery, which is consistent with previously 

reported rates of ~74.5% in a study conducted in Italy32 and slightly lower than multi-state 

rates in the US of 85%.33 It is possible that some use of antibiotic prophylaxis during 

Cassidy-Bushrow et al. Page 7

J Dev Orig Health Dis. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



delivery was missed during medical record transcription and/or abstraction and thus we may 

be subject to some misclassification error in our analysis. However, missed opportunities to 

further reduce risk of early-onset GBS in neonates via appropriate use of intrapartum 

antibiotic use is of concern, with efforts underway by CDC and others to institute electronic 

reminders for appropriate adherence to GBS guidelines.34 Interestingly, in our study, among 

GBS+ mothers, rates of GBS colonization in infant stool did not statistically significantly 

differ by antibiotic use during delivery, although rates of colonization were slightly lower at 

the 6 month time study visit among infants whose mothers received antibiotics during 

delivery (15.6% vs. 36.4%).

Intrapartum penicillin administration, which is a typical regimen for mothers who are GBS+ 

or GBS status unknown, has been associated with only minimal differences in the infant gut 

microbiome at age 3 days.35 Specifically, in a study of 50 mother-child pairs (25 antibiotic 

exposed) that used a culture-based approach to quantify the gut microbiota, infants exposed 

to intrapartum penicillin were less likely to have Clostridium species than non-intrapartum 

antibiotic exposed children but there were no differences in aerobic bacteria or amoxicillin-

resistant Enterobacteria.35 In a study of 13 term infants (3 exposed to intrapartum 

antibiotics), infants exposed to intrapartum antibiotics had statistically significant enriched 

numbers of enterobacteriacea and lower numbers of Bacteriodaceae; in this study, 

differences by intrapartum antibiotic use became apparent only in later samples (e.g. infant 

age 30 days) but was not detected in earlier samples.36 A recent study by Aloisio et al 

(2014) demonstrated that in infants (age 6–7 days) born to GBS+ mothers using antibiotics, 

compared to infants of GBS- mothers not using antibiotics, there was a decrease in 

bifidobacteria counts.17 At both 1 and 6 month visits, infants of GBS+ mothers also had 

differences in Bifidobacteriaceae in our study. Differential timing of the stool sample 

collection, microbiota measurement technique (e.g. Aloisio used real-time PCR compared to 

sequencing in the current study17) and different comparison groups, however, makes direct 

comparison of our findings to those of previous studies challenging.

While the sources of exposure of infants to GBS may vary (e.g. nosocomial, community), 

vertical transmission from the mother to infant may be the most common.32, 37 In the current 

study, mothers who were GBS+ were more likely to have infants with GBS present in their 

stool from the 1 month visit. When stratified by mode of delivery, this association remained 

only among vaginally-born children, indicating that at least some of the GBS transmission 

from mother to baby likely takes place at the time of delivery. Hickman et al (1999)42 have 

similarly shown that GBS colonization at 24–48 hours post-birth (in infants born to GBS+ 

mothers) is less common in C-section born infants. Previous studies have demonstrated that 

mode of delivery is a key determinant of the infant gut microbiota; the skin, gut and oral 

bacterial communities of newborns delivered vaginally resemble their mother’s vaginal 

microbiome whereas those born by C-section have bacterial communities more closely 

resembling maternal skin.38 Differences in microbiome composition by delivery mode 

appear to persist into infancy.8

After adjusting for maternal race, prenatal antifungal use and intrapartum antibiotics, GBS 

status explained ~0.8–1% of the variation in the infant gut microbiota from the 6 month 

visit, depending on the metric used. Mode of delivery and breastfeeding are considered the 
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strongest determinants of the infant gut microbiome composition;7 these factors explain 1.4–

2.5% and 1.3–2.6% of the variation in the 6 month gut microbiota in this sample of 

WHEALS children, respectively. Thus, although GBS explains only ~1% of the variation in 

the gut microbiota at the 6 month visit in WHEALS, given the large amount of variation 

within the gut microbiota, it is relatively consistent with even the largest determinants of the 

infant gut microbiota.

Strengths and Limitations

There are several limitations to note for this study. Women were screened for GBS according 

to standard clinical protocols, however, late third-trimester screening for GBS compared to 

intrapartum testing is associated with a ~10% false negative rate, thus we may be 

underestimating the burden of GBS+ at the time of delivery.39 We were unable to account 

for timing/duration of intrapartum antibiotic use in our analysis. There are mixed 

conclusions regarding the efficacy of the timing and duration of intrapartum antibiotic use in 

preventing the vertical transmission of GBS.40, 41 There may be differences in the infant gut 

microbiota among GBS+ women due to differences in the prophylaxis strategy employed 

that we were unable to account for in the current study. A major strength of the current study 

was the use of sequencing to measure the infants’ gut microbiota. Sequencing, compared to 

a culture-based approach, allows for an unbiased survey of the entire bacterial community. 

However, further studies examining metagenomic content of these communities is necessary 

to fully understand the functional implications of the observed compositional differences. 

The racial diversity and size of our study sample is also important.

In summary, we found that maternal GBS status is associated with compositional differences 

in the infant gut microbiota from samples collected at approximate age 6 months, which may 

represent groups of taxa that both co-exist and compete with GBS and therefore result in 

abundance shifts dependent on maternal GBS status. Whether these changes influence a 

child’s future risk for adult disease requires additional study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Descriptive characteristics of maternal-child pairs, stratified by maternal group B Streptococcus (GBS) 

colonization. Data are N (%) or mean±std.

GBS+
N=80 (30.5%)

GBS−
N=182 (69.5%)

P

Maternal characteristics

Age (years) 29.1±5.3 30.0±5.1 0.16

Race 0.091

White 15 (18.8%) 55 (30.2%)

African-American 56 (70.0%) 102 (56.0%)

Other 9 (11.2%) 25 (13.7%)

Married 49 (61.3%) 120 (65.9%) 0.56

Nulliparous 35 (43.8%) 70 (38.5%) 0.50

Pre-Pregnancy BMI (kg/m2) 30.7±7.8 29.5±8.0 0.39

Vaginal Delivery 50 (62.5%) 112 (61.5%) 0.92

Antibiotic Use* <0.001

Antibiotics During Pregnancy but not
Delivery

2 (2.6%) 28 (15.6%)

Antibiotics During Delivery 58 (75.3%) 51 (28.5%)

No Antibiotics During Pregnancy or
Delivery

17 (22.1%) 100 (55.9%)

Vaginally-applied Antifungal use in
pregnancy

24 (31.2%) 29 (16.2%) 0.011

Gestational age at GBS test (weeks) 34.7±2.4 35.4±1.6 0.031

Neonate characteristics

Female gender 40 (50.0%) 88 (48.4%) 0.91

Gestational age at delivery 38.9±1.6 38.9±1.5 0.84

Birthweight Z-Score −0.23±0.93 −0.01±0.97 0.20

Breastfeeding (At 1 Month) 48 (61.5%) 96 (54.2%) 0.34

Breastfeeding (At 6 Months) 22 (29.3%) 45 (25.6%) 0.65

Early Solid Food Introduction
(<4 months of age)

36 (45.0%) 73 (40.1%) 0.55

Antibiotic Use (before stool sample

collection†)

10 (14.9%) 19 (12.6%) 0.80

Antibiotic Use Before 1 Month Visit 2 (3.0%) 6 (3.8%) 1.00

Stool Sample Collection 0.94

1 month 35 (43.8%) 77 (42.3%)

6 month 45 (56.3%) 105 (57.7%)

BMI, body mass index

*
Mututally exclusive categories

†
Before sample collection for 1 month stools or before 1 month visit for 6 month stools.
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