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Abstract

Background—Separately, prenatal antibiotics and cesarian delivery have been found to be 

associated with increased risk of allergic diseases. It is not clear if these factors may modify the 

effect of each other.

Objective—Assess whether the associations between delivery types and eczema, sensitization 

and total IgE at age 2 years were modified by maternal use of prenatal medications.

Methods—Prenatal charts of women enrolled in the WHEALS birth cohort were reviewed for 

delivery mode and medications prescribed and administered throughout their entire pregnancy, 

including systemic antibiotics and vaginally applied antifungal medications. The associations 

between the delivery mode and select medications and eczema, sensitization (≥1 of 10 allergen 

specific IgE ≥0.35 IU/ml) and total IgE at age 2 years were assessed.

Results—There was a lower risk of eczema among vaginally versus c-section born children 

(relative risk adjusted for race=aRR=0.77., 95% CI 0.56, 1.05). Although not statistically 

significantly different, this association was stronger among the subset of children born vaginally to 

a mother who did not use systemic antibiotics or vaginal antifungal medications (aRR=0.69, 95% 

CI 0.44, 1.08) compared to those born vaginally to mothers who used systemic antibiotics or 

vaginal antifungals (aRR=0.81, 95% CI 0.57, 1.14). A protective association between vaginal birth 

and sensitization (aRR=0.86, 95% CI 0.72, 1.03) was similar for those children born vaginally to a 

mother who did not (aRR=0.87, 95% CI 0.69, 1.10) and who did (RR=0.85, 95% CI 0.70, 1.04) 

use systemic antibiotics or vaginal antifungal medications. There were no associations with total 

IgE.

Conclusions—Children born vaginally had lower risk of eczema and sensitization compared 

with those born via c-section; however, the protective association with eczema may be slightly 

weakened when mothers took systemic antibiotics or vaginally applied medications during 

pregnancy.
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BACKGROUND

It has been reported that birth by cesarian section (c-section) has been associated with an 

increased risk of childhood allergies and asthma. [(1, 2)] Prenatal antibiotic use has also 

been found to be associated with increased risk of development of allergic diseases in the 

children.[(3–13)] Mechanisms for these associations have been debated and are still 

unknown. However, the protective effect of acquiring a healthy gut microbiome in early life 

which would, in turn, affect immune system development at a young age, has been 

hypothesized to explain these associations.[(13–19)] For example, children born vaginally 

are exposed to a potentially rich and diverse maternal microbial milieu during birth [(15)] 

but children born via c-section miss this exposure.

Antibiotic treatment of the mother can also alter the maternal microbiome and thus 

transform the microbiome to which children born vaginally are exposed during birth.[(20, 

21)] Vaginally applied antifungal medications are often used during pregnancy. There are 

multiple possible relationships between the use of these medications and the bacterial 

components of the vaginal microbiome but the need for a topical antifungal medication 

suggests that the vaginal microbiome has shifted away from a normal symbiotic to a 

dysbiotic status. The microbes making up such a dysbiotic microbiome may not provide the 

proper signals to shift an infant away from developing allergic disease. Furthermore, 

previous studies have not simultaneously examined prenatal antibiotic use and delivery 

mode to assess if these factors may modify the effect of the other factor. Understanding the 

associations between these factors and the allergy-related outcomes could provide additional 

insight into potential mechanisms.

To address these knowledge gaps, delivery mode and medications prescribed and 

administered throughout the entire pregnancy of women enrolled in the WHEALS birth 

cohort in the Detroit, Michigan USA, area were examined for their associations with 

eczema, allergic sensitization based on allergen-specific IgE (sIgE), and total IgE in their 

children at age 2 years. We hypothesized that the benefits of delivering a child vaginally 

compared to a cesarian delivery with respect to these allergic outcomes would be attenuated 

in women who took systemic antibiotics or used vaginally applied antifungal medication 

during pregnancy compared to children born vaginally whose mothers did not use these 

medications.

METHODS

Study Population

The study population for these analyses is comprised of the offspring of the participants in 

“WHEALS” – a cohort study that enrolled pregnant women receiving care at Henry Ford 

Health System (HFHS) obstetrics clinics in urban and suburban Detroit, Michigan. 

Recruitment began in September 2003 and the last child was born in December 2007. These 
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analyses combine information from the interviews, a clinic visit with a study physician and 

results from biological and environmental samples. Details of the cohort’s creation have 

been published.[(22, 23)]

Figure 1 provides details on participant exclusion from enrollment through the current 

analyses. WHEALS recruited 1258 women, of which 1003 were eligible for the clinic visit 

at age 2 years. Of the 1003, 723 completed the clinic visit and 415 of those children were 

Black and 181 were White. The child’s race was based on maternal report for her child. The 

subgroups of children who are Asian, Hispanic or Middle Eastern may have different risks 

for the outcomes and were too few in number to analyze as subgroups, so they were 

excluded from these analyses. Participants who were included and not included in the 

analyses were compared to assess differences (Table 1). The children included in the present 

analyses have information on at least one outcome at age 2 years (evaluation of eczema/

atopic dermatitis [AD], allergen specific IgE [sIgE] and total IgE).

Data Collection

At the time of recruitment during pregnancy, a blood sample was collected and interviews 

were conducted to collect information on maternal demographics and health history. 

Additional interviews were conducted with the mothers at 1, 6 and 12 month home visits 

about the health of their children, breastfeeding and exposure to animals as part of the 

WHEALS protocol. Medical chart review was performed for all mothers to collect extensive 

information on the entire course of their prenatal care and the details of their delivery. 

Charts were reviewed by credentialed Registered Health Information Technicians. The data 

included all medications prescribed and administered during the entire pregnancy, as well as 

route of medication and delivery mode. The dates that the medications were prescribed or 

administered were also recorded. Information was also collected on whether the woman was 

positive for Group B Streptococcus (GBS+) based on standard screening during routine 

prenatal care.

At age 2 years, children were invited for a clinical evaluation by a physician using a protocol 

standardized for the study. Using a patient history and physical examination, the physician 

was then asked to record a response to the following question: “By your clinical evaluation 

do you believe that this child has or has had atopic dermatitis or eczema?” The average age 

at completion of the 2 year clinic visit was 2.2 years (standard deviation = SD = 0.2 years).

Measurement of total IgE and allergen-specific IgE (sIgE) was performed according to the 

manufacturer’s standard protocols using the Pharmacia UniCAP system (Pharmacia-Upjohn 

Diagnostic Division, Kalamazoo, Michigan, USA). Sensitization was defined as having at 

least one sIgE ≥0.35 IU/ml. Samples collected from the children during the clinic visit were 

assessed for the following sIgEs: dust mite (Der f), dog, cat, timothy grass, ragweed, 

Alternaria, egg, peanut, milk and German cockroach. sIgE levels in mothers blood samples 

were assessed for a subset of the allergens (Alternaria, cat, cockroach, dog, Der f, short 

ragweed, timothy grass, and egg) using the same methods.
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Classification of Medications

Medications were classified in two ways: by their therapeutic goal and by the route of their 

administration. All medications were classified for their therapeutic goal as being: 1) 

antibiotic; 2) antifungal; or, 3) neither. This was done as some antibiotics were prescribed 

for fungal skin infections (e.g., Nystatin is described as an antibiotic antifungal). Route of 

administration was classified in the following mutually exclusive ways: 1) systemic 

(ingestion, intravenous, intramuscular); 2) vaginal insert; or 3) topical (cream, gel, or drops 

on skin or in eye, nose or ears). Children were classified into one of the three mutually 

exclusive groups: 1) vaginal birth and mother took a systemic antibiotic and/or used a 

vaginal insert antifungal medication during pregnancy; 2) vaginal birth and mother did not 

take a systemic antibiotic and did not use a vaginally applied antifungal medication during 

pregnancy; or, 3) birth by c-section. All classifications were mutually exclusive.

Statistical Analyses

Log-binomial models (eczema, sensitized) and linear regression models (total IgE) were 

used to assess the associations between medication/delivery mode groups and allergic 

outcomes. Interaction terms were used to assess whether any of the following variables were 

effect modifiers of the associations between delivery/medication group and the allergic 

outcomes: child race (Black or White), maternal sensitization based on sIgE, child gender, 

whether the mother lived with a dog during pregnancy, whether the child lived with a dog 

during the first year of their life, whether the child was first born, and whether the child was 

ever breastfed. The variables were chosen a priori for the analyses as they are commonly 

investigated by our team and related to the prenatal and early life period. Stratum-specific 

estimates are provided in cases where the interaction term was p<0.05 for at least one of the 

delivery/medication groups.

We evaluated a list of potential confounders to see if any were associated with the exposure 

and the outcome. Factors evaluated were: race, maternal sensitization (defined as yes or no 

whether mother had elevated sIgE to any of the selected allergens, child gender, breastfed, 

child lived with dog in 1st year and mom lived with a dog during pregnancy. Race was 

associated with the “exposure” (delivery type and antimicrobial medication usage) and each 

outcome and the results are adjusted for race.

Relative risks (RR) and differences with 95% confidence intervals (CI) were calculated to 

describe associations. C-section delivery served as the referent group. Use of c-section 

delivery as the referent was appropriate given our hypothesis relates to the vaginal 

microbiome which is not encountered during c-section delivery.

RESULTS

Information on participants who were included in and excluded from the analyses was 

compared to assess differences (Table 1). There were 596 children included in the analyses 

as they had information on prenatal care and attended the clinic visit at age 2 years. Rates of 

ever having been breastfed and living with a dog in the 1st year of life were higher in those 

who were retained in the study. These and other variables were assessed for potential effect 
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modification in the analyses. Most of the children included in the analyses were Black 

(69.6%) and 58.4% had a mother who was sensitized, 28.0% had a mother who lived with 

an indoor dog during pregnancy and 22.5% lived with an indoor dog in the first year of life 

(Table 1). Most of the children were born vaginally (376, 63.1%) of which 243 (64.6%) had 

a mother who used systemic antibiotics or vaginal antifungals during pregnancy (Table 2). 

Other information about the population included in the analyses appears in Table 2.

Eczema

Children born vaginally were less likely to have had eczema than children born via c-

section. (RR=0.72, 95% CI 0.53, 0.99; adjusted for race, RR=0.77., 95% CI 0.56, 1.05). 

Although not statistically significantly different, this association was stronger among the 

subset of children born vaginally to a mother who did not use systemic antibiotics or vaginal 

antifungal medications as they were even less likely to have had eczema by age 2 compared 

to children born via c-section (RR=0.60, 95% CI 0.38, 0.94; adjusted for race RR=0.69, 

95% CI 0.44, 1.08) (Table 3). However, the decreased risk compared to c-section was 

attenuated for those born vaginally to mothers who used systemic antibiotics or vaginal 

antifungals (RR=0.81, 95% CI 0.57, 1.15; adjusted for race, RR=0.81, 95% CI 0.57, 1.14).

We assessed effect modification by examining the associations in various subgroups to 

assess if the risks were similar across those subgroups. Associations between medication 

use, delivery mode and eczema varied by maternal sensitization status and whether the 

mother or child lived with a dog (Table 3). Among the children born to a mother who was 

sensitized, those whose mothers took the selected medications during pregnancy were less 

likely to have eczema compared to children born via c-section (RR=0.60, 95% CI 0.38, 0.96; 

adjusted for race, RR=0.63, 95% CI 0.40, 1.00). Among children who lived with a dog in the 

first year of life or whose mothers lived with a dog during pregnancy, those born to mothers 

who took the selected medications were less likely to have eczema compared to children 

born via c-section (dog in pregnancy: RR=0.31, 95%CI 0.11, 0.90; dog in first year: 

RR=0.11, 95% CI 0.015, 0.84; adjusted for race, RR=0.28, 95% CI 0.10, 0.80 and RR=0.10, 

95% CI 0.01, 0.79, respectively).

Sensitization by Age 2 years

When compared to eczema, the protective association between a vaginal birth and being 

sensitized at age 2 years was somewhat weaker (RR=0.84, 95% CI 0.70, 1.01 for vaginal 

versus c-section birth; adjusted for race, RR=0.86, 95% CI 0.72, 1.03). Children born 

vaginally to a mother who did not use systemic antibiotics or vaginal antifungal medications 

had lower risk of of sensitization by age 2 compared to children born via c-section 

(RR=0.83, 95% CI 0.65, 1.04; adjusted for race RR=0.87, 95% CI 0.69, 1.10) (Table 4). 

This was also true for children born vaginally to a mother who did use systemic antibiotics 

or vaginal antifungal medications during pregnancy (RR=0.85, 95% CI 0.70, 1.04; adjusted 

for race RR=0.85, 95% CI 0.70, 1.04), with a single exception. Among children whose 

mothers lived with a dog during pregnancy, children born vaginally to a mother who did use 

systemic antibiotics or vaginal antifungal medications were less likely than children born via 

c-section to be sensitized by age 2 years (RR=0.50, 95% CI 0.32, 0.78; adjusted for race 

RR=0.49, 95% CI 0.32, 0.75).

Wegienka et al. Page 5

Clin Exp Allergy. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Total IgE

There were no associations between the exposure groups and the level of total IgE at age 2 

years (Vaginal/no medication versus c-section: difference in ln(total IgE)=0.01, 95% CI 

−0.32, 0.33; adjusted for race 0.09, 95% CI −0.24, 0.41; vaginal with medication versus c-

section: difference in ln(total IgE)=−0.08, 95% CI −0.37, 0.22; adjusted for race −0.09, 95% 

CI −0.38, 0.21) overall or for any subgroup.

Group B Streptococcus

Results were unchanged after women who were either GBS+ or had an unknown GBS status 

were removed from the analyses.

DISCUSSION

The results extend previous observations that delivery type and antibiotic use during 

pregnancy are associated with allergic diseases in the offspring by using epidemiological 

data to investigate the potential role of the vaginal microbiome in disease development. 

Overall, children born vaginally had lower risk of both eczema and sensitization at age 2 

years. A non-statistically significant trend was noted however, that among children born 

vaginally, children born to mothers who did not use antimicrobial medications potentially 

associated with an altered vaginal microbiome tended to have less eczema compared to 

those whose mothers took those medications. Overall, there was a modest association in 

which vaginal delivery was associated with a decreased risk of sensitization compared to c-

section delivery. Delivery type combined with medication use was not associated with total 

IgE at age 2 years. This suggests that the vaginal microbiome hypothesis may not be 

supported with respect to total IgE and that the associations with sensitization may be 

weaker than those observed with eczema.

There is growing evidence of differences in the gut microbiomes of children with and 

without eczema and other allergic diseases. Wang et al. reported reduced diversity in the 

early fecal microbiota of infants with atopic eczema at age 18 months in a small group of 35 

infants.[(18)] There is also evidence that suggests that eczema was not associated with any 

particular culturable intestinal commensal bacteria in a cohort of 324 children in London and 

Europe.[(19)] A case-control study of infants 3–6 months with (n=37) and without (n=24) 

eczema found evidence that presence of B pseudocatenultaum in feces was associated with 

eczema; however, the fecal samples were not obtained prior to disease development.[(17)] 

Recently, a more diverse intestinal microbiota in the first week of life was associated with a 

reduced risk of eczema in the first year of life in a cohort of 98 children born to women with 

allergic disease histories.[(16)] In a randomized, placebo controlled trial for the prevention 

of atopic dermatitis, colonization with clostridia at 5 weeks and 13 weeks was associated 

with an increased risk of developing atopic dermatitis.[(24)]

Studies of a link between the gut microbiome and atopic sensitization have resulted in mixed 

findings. In a study of 19 atopic and 12 non-atopic children ages 4–14 years, the intestinal 

microbiota of atopic children showed significantly lower levels of members of the 

Clostridium cluster IV, Faecelibacterium prausnitzii, Akkermansia muciniphila and an 
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increase in the abundance of Enterobacteriaceae.[(25)] Children who had a stool sample at 

one month of age colonized with Clostridium difficile, were more likely than children 

without the colonization to be sensitized as defined by their sIgE levels (adjusted OR=1.54, 

95% CI 1.02, 2.31).[(26)] In the study of 98 infants at high risk for allergic disease, there 

was no difference in the gut microbial diversity of children who did and did not have a 

positive skin prick test at age one year.[(16)] The differences in results could be due to the 

timing of the microbiome sample – some samples were collected prior to and some 

concurrent with the outcome.

The vaginal microbiome helps colonize the child’s gut microbiome during vaginal delivery. 

The child’s gut microbiome is then believed to affect the child’s developing immune system, 

which in turn, would affect the child’s allergic disease risk. Thus, anything disturbing the 

mother’s vaginal microbiome could affect a child’s allergic disease risk. Separately, children 

born via c-section would be expected to have a different gut microbiome and subsequent 

allergic disease risks than either children born vaginally with mothers who did not use 

vaginal microbiome altering medications or children with mothers who did use the 

medications.

It has been shown that the vaginal microbiome can become altered with the use of antibiotic 

medications during pregnancy. In a study of 50 pregnant women, administration of 

antibiotics during the intrapartum period was associated with a decrease in transmission 

rates of vaginal Lactobacillus-dominant mixed flora to the newborn.[(21)] In the Danish 

cohort, COPSAC, women who received oral antibiotics at any time during pregnancy had an 

increased rate of vaginal colonization by Staphylococcus species compared to pregnant 

women who did not take antibiotics.[(20)]

Delivery mode has been shown to affect the postnatal colonization patterns of infants. 

Children who had a c-section birth had lower total microbial diversity and delayed 

colonization of the Bacteroidetes phylum throughout the first two years of life.[(27)] Other 

studies have supported the conclusion that method of delivery is associated with differential 

intestinal microbiota in early life and have generally found similar results.[(2, 24, 28–32)]

There were some associations in subgroups that may provide additional evidence supporting 

the role of the microbiome in allergy-related diseases. For vaginally born children whose 

mothers took the medications, those children who did not have dog exposure (prenatal or 

first year of life) or were not born to a sensitized mother had little difference in the risk of 

having eczema compared to children born via c-section. In accordance with the microbiome 

hypothesis, we think that living with a dog provides exposure to a home microbiome that is 

“anti-allergic” and that the modifying effects of a dog in the home could explain why these 

subgroups still show a strong beneficial effect of vaginal delivery compared to c-section 

even with potentially gut and vaginal microbiome-altering medication use. Our previous 

work has indicated differences in the microbiome of dust from homes with and without pets.

[(33)] Stokholm et al. reported that in a cohort of 668 pregnant Danish women (COPSAC), 

those who had a cat or dog in the home during pregnancy had increased Escherichia coli 

colonization in their vaginal flora compared with women with neither animal.[(34)] Further, 

having a dog in the home during pregnancy is highly correlated with having a dog in the 
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home during the child’s few first years of life. Any deficiencies in the child’s acquired 

microbiome due to a maternal vaginal or gut microbiome that has been altered by 

medication, may be subsequently and rapidly overcome by this very early exposure to a dog 

in the home environment.

For children born to mothers who were not sensitized, the risk of eczema was no different 

for those born via c-section and those born vaginally to mothers who took the medications. 

However, in the subgroup of children born to sensitized mothers, c-section delivery is 

associated with greater risk than vaginal delivery regardless of maternal medication use. 

Children who have a sensitized mother may have an increased underlying risk of eczema 

compared to those who do not have a sensitized mother and this risk may be significantly 

increased by c-section delivery compared with risk increased by prenatal maternal medicine 

use in children born vaginally.

The novel part of this work is the simultaneous consideration of medication use and delivery 

type, as well as the inclusion of antifungal medications in our analyses. Previous work 

focused on antibiotics likely due to the suspicion that their mechanism was related to 

infection and the immune system. However, with the development of the gut microbiome 

hypothesis in allergic disease development and the importance of the maternal microbiomes 

on the colonization of the neonate’s gut, the role of vaginal antifungal medication warrants 

similar consideration. Importantly, what these results suggest is that any study of the role of 

the vaginal microbiome in allergy-related outcomes will need to address multiple subgroups. 

The study design, sample size and analytical plan will need to simultaneously take into 

consideration delivery mode and medication use, as well as possibly the presence of pets in 

the home and the sensitization status of the mothers. Failure to do so could result in the 

obscuring of important and significant relationships.

There are limitations to this study. Medications were administered in a clinic or hospital 

setting or were prescribed. Prescribed medications may not have been obtained or used. 

However, if it is not medication use but rather the reason for the medication that is causing 

the associations, then the results would be unchanged by whether the prescription was either 

obtained or used. Microbiota “recovery” after medication use may vary in its time and level 

of recovery. However, there is little literature that describes the recovery periods for various 

medications on the vaginal tract.[(35)]

Our sample size may have impacted our work in several ways. First, the difference between 

born vaginally to mothers who did and did not use medications was not statistically 

significant. A larger sample size would have improved the precision of the relative risk 

estimates and allowed us to make stronger conclusions about the observed trend. 

Furthermore, we did not have a sample size sufficient enough to permit study of specific 

time periods during which medication use might be the most likely to affect outcomes. Some 

medications taken early in pregnancy may provide sufficient time for the vaginal 

microbiome to recover prior to delivery. The degree to which each medication could 

reasonably affect the vaginal microbiome is also unknown. Due to sample size limitations, 

we were not able to analyze whether any particular medication or set of medications may 

have been driving the observed associations. This also means that we were not able to 
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examine the specific roles of antibiotics or vaginally applied antifungal medications to 

determine if either group in particular was associated with the outcomes. However, the data 

presented here may also benefit the design of future studies by providing rates of overlap of 

medication use that will inform sample size estimates. Finally, the observed results could be 

due to some unmeasured confounder; however, the analyses have attempted to consider the 

role of many well-measured variables in our analyses.

While prioritization of research areas is needed due to limited resources, the epidemiological 

evidence presented here suggests that the vaginal microbiome hypothesis demands ongoing 

investigation in allergic disease development, especially eczema. Important to such an 

investigation is the identification of a microbial composition that is optimal for allergic 

disease prevention and understanding of the factors that may cause a deviation from this 

optimal microbial composition. The consideration of prenatal medication use and delivery 

mode is important in the design of the study, the selection of the participants and the 

analyses of data.
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Figure 1. 
Enrollment and participation details of the current analyses.
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Table 1

Comparison of women from WHEALS whose children were included or excluded from the current analyses.*

Women with a Child Included in 
the Analyses

Women with a Child Excluded 
from the Analyses

p value

N 596 245

Ever breastfed the child (n(%) yes) 319 (53.5%) 111 (45.5%) 0.035

Mother had an indoor dog during pregnancy 167 (28.0%) 57 (23.3%) 0.16

Child lived with an indoor dog in the first year of life 118 (22.5%) 26 (15.0%) 0.035

Mother sensitized to allergens 336 (58.4%) 137 (57.6%) 0.82

Child’s gender

Male 306 (51.3%) 111 (45.3%) 0.11

Female 290 (48.7%) 134 (54.7%)

Race

Black 415 (69.6%) 181 (74.2%) 0.18

White 181 (30.4%) 63 (25.8%)

Delivery type

Vaginal 376 (63.1%) 156 (64.2%) 0.76

C-section 220 (36.9%) 87 (35.8%)

Child was firstborn 132 (22.1%) 57 (23.3%) 0.72

*
There are some missing data. P-values are for a comparison of those included and those excluded.
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Table 2

Rates of prenatal medication use, eczema and sensitization (sIgE ≥0.35 IU/ml) at age 2 years in the WHEALS 

birth cohort.

All Children N=596 Children born 
Vaginally N=376

Children born via C-
section N=220

p value‡

Administered or prescribed any antibiotic* in 
pregnancy

341 (57.2%) 223 (59.3%) 118 (53.6%) 0.18

Administered or prescribed any antibiotic* in 
pregnancy that was:

- Systemic 328 (55.0%) 213 (56.7%) 115 (52.3%) 0.30

- Topical 15 (2.5%) 11 (2.9%) 4 (1.8%) 0.40

- Vaginal insert 25 (4.2%) 15 (4.0%) 10 (4.5%) 0.74

Administered or prescribed any antifungal* in 
pregnancy

116 (19.5%) 67 (17.8%) 49 (22.3%) 0.19

Administered or prescribed any antifungal* in 
pregnancy that was:

- Systemic 55 (9.2%) 32 (8.5%) 23 (10.4%) 0.43

- Topical 4 (0.7%) 3 (0.8%) 1 (0.4%) 0.62

- Vaginal insert 71 (11.9%) 39 (10.4%) 32 (14.5%) 0.13

Administered either an antibiotic or antifungal 
medication in pregnancy

377 (63.3%) 243 (64.6%) 134 (60.9%) 0.36

Eczema at age 2 years
N=59 missing eczema data

118 (22.0%) 66 (19.3%) 52 (26.7%) 0.047

Sensitized to at least 1 allergen at age 2 years
N=146 missing sensitization data

232 (51.6%) 138 (48.2%) 94 (57.3%) 0.064

Mom was Group B Strep positive† 222 (37.2%) 132 (35.1%) 90 (40.9%) 0.16

Mom was Group B Strep positive
N=63 missing data

159 (29.8%) 104 (29.9%) 55 (29.7%) 0.97

Geometric mean (95% CI) of total IgE at 2 years of 
age

22.0 (19.4, 25.0) 21.7 (18.4, 25.6) 22.6 (18.6, 27.5) 0.71

*
By medication type based on therapeutic goal

†
Assumes those with missing status are treated the same as those who are positive.

‡
p-value is for the comparison of those born vaginally versus those born by c-section.
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Table 3

Relative risks and 95% confidence intervals for the associations between medications and eczema by age 2 

years adjusted for race. Referent group is c-section.

Vaginal delivery plus 
systemic antibiotic/ 
vaginal antifungal 
medication during 
pregnancy

P for 
interaction 
term

Vaginal delivery without 
systemic antibiotics/ 
vaginal antifungal 
medication during 
pregnancy

P for 
interaction 
term

All children 0.81 (0.57, 1.14) N/A 0.69 (0.44, 1.08) N/A

Maternal sensitization 0.049 0.84

- Mom not sensitized 1.31 (0.74, 2.30) 0.66 (0.27, 1.57)

- Mom is sensitized 0.63 (0.40, 1.00) 0.73 (0.43, 1.23)

Lived with a dog during pregnancy 0.027 0.52

- No 0.99 (0.69, 1.43) 0.73 (0.45, 1.20)

- Yes 0.28 (0.10, 0.80) 0.51 (0.18, 1.48)

Lived with a dog in the first year of life 0.038 0.29

- No 0.86 (0.58, 1.27) 0.72 (0.43, 1.19)

- Yes 0.10 (0.01, 0.79) 0.29 (0.07, 1.25)
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Table 4

Relative risks and 95% confidence intervals for the associations between medications and sensitization by age 

2 years adjusted for race. Reference group is c-section.

Vaginal delivery plus systemic 
antibiotic/ vaginal antifungal 
medication during pregnancy

P for interaction 
term

Vaginal delivery without 
systemic antibiotics/ vaginal 
antifungal medication during 
pregnancy

P for interaction 
term

All children 0.85 (0.70, 1.04) 0.87 (0.69, 1.10)

Lived with a dog during 
pregnancy

0.003 0.76

- No 1.03 (0.82, 1.30) 0.88 (0.66, 1.17)

- Yes 0.49 (0.32, 0.75) 0.89 (0.60, 1.32)
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