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Abstract

Mother-to-child transmission of Helicobacter pylori (H. pylori) is the primary source of
intrafamilial spread in early childhood in regions of high H. py/ori prevalence. However, early-
in-life H. pylori colonization and associated protective or risk factors have not been fully evaluated
in lower prevalence regions, such as the United States.

Therefore, from a well-characterized prospective US cohort, we selected women who provided
fecal samples during pregnancy and had paired fecal samples from their babies up to 24 months
postpartum. We evaluated maternal and baby factors associated with likelihood of H. py/lori

colonization in the babies. Fecal antigen testing was used to determine H. py/ori status. We also
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evaluated the association between maternal breastmilk cytokines and H. py/ori colonization in
breastfed babies.

Among included mother-baby pairs (n=66), H. pylori prevalence was 31.8% in mothers and
19.7% in their babies. Dominant breastfeeding (adjusted odds ratio [aOR] 0.17, 95% CI 0.03—
0.98) and maternal IBD (aOR 0.05, 95% CI 0.01-0.27) were associated with significantly lower
likelihood of H. pylori colonization among babies; no other clinical factors were associated with
H. pylori colonization in the babies. Matrix metalloproteinase-10 (MMP-10) and tumor necrosis
factor-related activation-induced cytokine (TRANCE) expression were significantly higher in
breastmilk of mothers with H. py/ori positive vs negative babies.

Consistent with data from high H. py/oriprevalence regions, our findings suggest dominant
breastfeeding may protect against early H. py/ori colonization. Downregulation of pro-
inflammatory cytokines such as MMP-10 may be relevant in mediating this protection among
breastfed babies, but more data are needed.
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INTRODUCTION

Helicobacter pylori (H. pylori) is the most common chronic bacterial infection and is
estimated to colonize over 50% of the population worldwide.l H. pyloriis well-known
for its causal association with gastric cancer and gastroduodenal pathology, namely peptic
ulcer disease. Albeit less appreciated, H. pylori also has immunomodulatory effects,

and colonization early-in-life may protect against allergic, atopic and immune-mediated
diseases, such as asthma and inflammatory bowel disease.?™

In areas where H. pyloriinfection is endemic, such as Africa and Asia-Pacific countries,
acquisition of infection typically occurs in childhood prior to 5-10 years of age.>’
However, most studies have not investigated H. pyloriacquisition very early in life,
including the first two years of life, which is a key time for immune development. Prior
studies have also relied on H. pylori serology, which does not necessarily indicate active H.
pylori colonization in the infant, since H. pyloriantibodies can be transmitted from mother
to baby via cord transfer or breastmilk.8:° Furthermore, no studies to our knowledge have
investigated H. pylori acquisition in babies younger than 2 years-old in populations where
H. pyloriis not considered endemic, nor evaluated risk determinants in these populations.
Maternal H. pylori status is a strong predictor of H. pylori status in offspring.19 Notably,
several studies from high H. py/ori prevalence countries have demonstrated that maternal
breastfeeding, a practice that necessitates close physical contact of mothers and babies, is
actually associated with lower likelihood of H. py/ori positivity in babies. However, the few
studies from lower prevalence countries that exist have not confirmed this.11:12

The primary objective of this study was to identify factors associated with early-in-life
H. pylori colonization among a US cohort. We hypothesized that breastfeeding would be
associated with lower likelihood of H. py/ori colonization. If confirmed, our secondary

Dig Dis Sci. Author manuscript; available in PMC 2023 November 01.



1duosnue Joyiny vA 1duosnue Joyiny vA

1duosnuen JIoyiny vA

Shah et al. Page 3

objective was to conduct an exploratory analysis to evaluate whether breastmilk cytokine
patterns are associated with likelihood of H. py/ori colonization among breastfed babies.

METHODS

Study subjects

The base cohort for this study was the MECONIUM (Exploring MEChanisms Of disease
traNsmission In Utero through the Microbiome) cohort, which is a well-characterized
longitudinal cohort that contains longitudinal stool samples for pregnant mothers and their
babies postpartum, along with comprehensive clinical data obtained at each collection
time point; a detailed description of this cohort is provided elsewhere.12 Briefly, pregnant
women with or without inflammatory bowel disease (IBD) were prospectively enrolled
between March 2015 and August 2018. Clinical data and biospecimens were collected
from pregnant women and their offspring postpartum at prespecified time points according
to standardized protocol. For this study, we selected 66 mother-baby pairs who had fecal
specimens and complete clinical data available. We tested maternal stool samples obtained
during pregnancy and baby stool samples at 1 month, 3 months, 12 months, and 24 months
postpartum for active H. pyloriinfection (see below). The exclusion criteria for the complete
MECONIUM cohort were: no informed consent; maternal preexisting conditions of HIV/
AIDS or autoimmune diseases, active infection (other than H. py/ori) during pregnancy, or
fetal chromosomal or structural abnormalities. For this study, mothers with reported proton
pump inhibitor (PPI) use were excluded because this can affect H. py/oristool antigen test
sensitivity.

Clinical Data Collection

The following demographic and obstetric data were collected for mothers: age at conception,
race/ethnicity, smoking status, IBD status, IBD disease activity, and medications (including
IBD-related medications, antibiotics, and probiotics). The following data were collected for
babies: gestational age at delivery (prematurity defined as delivery <37 weeks of gestation),
sex, delivery mode (vaginal delivery vs. Cesarean-section), birth weight (low birth weight
defined as <2500 grams), and admission to the intensive care unit. Infants’ exposure to
antibiotics after birth was also captured at the time of each stool sample collection. Data

on infant feeding practices were determined from mothers’ self-report according to a
standardized questionnaire administered at each collection timepoint and were categorized
as: 1/ dominant breastfeeding if mothers reported breastfeeding for at least 75% of infant
feeds; 2/ dominant formula feeding if mothers reported formula feeding for at least 75% of
infant feeds; or 3/ mixed feeding if outside of these predetermined cut-offs.

Stool sample collection

Maternal stool sample collection was conducted at home by the mothers and shipped on ice
to the study institution using prepaid labeled boxes; collections occurred at each trimester of
pregnancy. Babies’ stool samples were obtained directly from diapers collected at 1 month,

3 months, 12 months, and 24 months after birth. Stool samples were received in 25 ml vials
(adult) and diapers (infant) and stored at —80C until the time of H. pyloritesting.
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H. pylori ELISA

Active H. pylori gastric colonization was determined via ELISA-based testing for fecal H.
pyloriantigens (Epitope Diagnostics Inc., San Diego, CA, USA). Briefly, stool samples
were weighed and diluted to 1:24 with assay buffer followed by extraction using intensive
shaking via TissueLyser Il (Qiagen, USA). After centrifugation for 5 min at 10,000 rpm

at room temperature, 100 ul of samples (in duplicate) were loaded in microtiter plates
coated with highly purified monoclonal anti-H. py/ori antibodies and incubated for 60
minutes at room temperature. The wells were washed with wash buffer 4-5 times to remove
non-binding material, and then incubated again with horseradish peroxidase-conjugated
(HRP) monoclonal anti-H. pylori antibodies for 30 minutes at room temperature, followed
by washing and incubation with HRP substrate (tetramethylbenzidine with hydrogen
peroxidase). After 10-15 minutes of incubation in the dark, the reaction was stopped with
0.5M sulfuric acid. Optical density at 450/620 nm was determined by Synergy H1 hybrid
multi-mode microplate reader (BioTek Instruments, US). As recommended by manufacturer,
the positive and negative cut-offs were estimated by the following formula: Positive = 1.1 x
(mean extinction of negative control + 0.10); negative = 0.9 x (mean extinction of negative
control + 0.10).

Proteomics multiplex assay of breastmilk

For the exploratory analysis, we tested the hypothesis that breastmilk cytokine expression
pattern is associated with likelihood of H. pylori colonization in breastfed babies. Among
mothers who reported dominant (n=28) or mixed (n=13) breastfeeding, we evaluated
maternal breastmilk cytokine expression profiles in samples obtained at approximately 1
month postpartum used Proseek® multiplex assay (Olink Bioscience, Uppsala, Sweden).14
The Proseek® multiplex assay uses a proximity extension assay technology with
oligonucleotide-labeled antibody probe pairs that bind to their respective targets.14:15
Normalized protein expression values of 92 inflammation-related protein biomarkers were
generated on a Log2 scale to normalize data to minimize intra-assay and inter-assay
variability (please refer to “additional file 2” in the publication by Santaella et af).16.17

Statistical analysis

We calculated maternal and infant H. py/ori prevalence as the number of mothers or babies
with positive H. pyloritests divided by the total number of mothers or babies tested,
respectively. The student t-test or Wilcoxon rank-sum test and XZ or Fisher’s Exact test
were used to compare the values of continuous and categorical variables, respectively,
between H. pylori positive vs negative study participants. We used multivariable regression
modeling to estimate the association between clinical factors and H. py/ori colonization
status in babies. The models were adjusted for maternal age, smoking, maternal IBD status,
maternal antibiotic usage, maternal H. py/ori status, baby sex, delivery mode, type of
feeding (dominant breastfeeding, formula feeding or mixed), and infant antibiotic usage.

For the breastmilk cytokine expression analysis, we selected the top differential features
associated with H. pyloriinfection in mothers or infants based on “variable’s importance”
(VIP) scores from a partial least squares-discriminant analysis (PLS-DA) model, which is
a supervised clustering analysis method. A threshold VIP score >1.5 was used for defining

Dig Dis Sci. Author manuscript; available in PMC 2023 November 01.



1duosnue Joyiny vA 1duosnue Joyiny vA

1duosnuen JIoyiny vA

Shah et al.

RESULTS

Page 5

statistically significant discriminative features.18-19 We conducted a multivariable logistic
regression model adjusted for clinical variables including maternal IBD status, delivery
mode, feeding type and infant antibiotic usage to estimate the association between cytokines
identified as significant in the PLS-DA supervised model and H. py/ori colonization status in
breastfed babies. R version 4.0.3 was used for statistical analyses.

Ethics Statement—This study was approved by Institutional Review Board of the Icahn
School of Medicine at Mount Sinai.

Study population

A total of 66 mother-baby pairs from the MECONIUM cohort met full inclusion criteria
and were included in this study (Table 1). We tested 66 maternal stool samples at the 3"
trimester of their pregnancy and 153 total baby stool samples, which were available for each
of the 66 babies at the distinct time points illustrated in Figure 1. Based on fecal antigen
testing, 21 of 66 (31.8%) mothers and 13 of 66 (19.7%) babies tested positive for H. pylori.
The descriptive characteristics of the 66 mother-baby pairs according to . pylori status
are provided in Table 1. Mothers who tested positive for H. pyloriwere slightly younger
(34.6£4.0 vs 35.8 +3.9 years old), less often non-Hispanic white, more often reported
current/former smoking (14.3% vs 11.1%), and less often reported antibiotic usage (35.6%
vs 19.0%), but these differences were not statistically significant, possibly due to small
cohort size. IBD was more common in mothers with vs without H. py/ori.

The majority of babies tested positive for H. pyloribetween 3 and 12 months of age.
Compared to H. pylori negative babies (28%; n=15/53), H. pylori positive babies more
often had H. pyloripositive mothers (42%; n= 6/13), albeit not statistically significant
(p=0.32). Babies who tested positive vs. negative were less often non-Hispanic white race/
ethnicity and less often dominantly breastfed (p-value <0.05). Other clinically observed
differences included maternal IBD status, delivery mode and daycare attendance between
H. pyloripositive and negative babies, but these were not statistically significant (Table 1).
Growth metrics (i.e. gestational age, birth weight, head circumference, length) were similar
irrespective of babies’ H. pylori status.

On multivariable analysis, adjusted for covariates including maternal H. pylori status,
dominant breastfeeding (vs. dominant formula or mixed feeding) (adjusted OR (aOR) 0.17;
95% ClI, 0.03-0.98, p=0.049) and maternal IBD (vs. no IBD) diagnosis (aOR 0.05, 95%

Cl 0.01-0.27, p<0.001) and were associated with significantly lower likelihood of H. pylori
colonization in their babies.

Clinical variables for the 38 mothers with IBD, based on H. pylori positive vs. negative
status, are provided in Supplementary Table 1. Irrespective of H. pylori status, the majority
of patients with IBD were in disease remission.
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Mapping of H. pylori status within baby-mother dyads and among other family members

The H. pylori status (positive vs negative) among 66 mothers and their babies at different
time points—1 month, 3 months, 12 months, and 24 months—are illustrated in Figure 1.
Three infants tested positive at 1 month, all of whom had H. py/ori negative mothers, and
two of these infants subsequently tested negative at 12 months; no subsequent follow-up
information was available for the third baby. Six infants tested positive at 3 months with
two out of six (33%) subsequently testing negative at 12 months; no subsequent follow-up
information was available for other babies. Of babies tested at 12 months, 5 tested positive
for H. pylori, of which 2 had H. pylori positive mothers. A total of 14 babies had fecal
samples at 24 months, 2 of whom tested positive for H. py/lori (Figure 1). Of these 2, one
baby (“F8”) had an H. pylori positive mother, while the other baby’s mother tested negative;
notably, the latter baby tested negative at 1 and 3 months of age. Interval antibiotic usage
was recorded (Figure 1).

To expand on our findings, we also evaluated stool samples from other family members as
available. Fecal samples from other family members were available for 11 distinct families,
including 8 fathers and 12 siblings (Figure 2). Seven of 8 fathers tested negative for H.
pylori. The frequency of H. pyloripositivity among siblings was significantly higher when
the mother and the proband infant were both H. py/ori positive compared to when only the
mother was H. pylori positive. In the only family where both parents were H. pylori positive,
both offspring also tested positive. In a family with 6 siblings and a mother who was H.
pyloripositive, 5 of 6 children also tested positive. There was a mix of H. pyloripositive and
negative offspring among the 3 families where the proband infant had tested positive for H.

pylori.

Breastmilk cytokine features associated with baby H. pylori status

The non-supervised PCA analysis demonstrated no significant differences in the cytokine
expression profile of maternal breastmilk between mothers with H. py/ori positive vs
negative babies (p=0.49, Figure 3A). We next used the PLS-DA supervised clustering

model to select cytokines associated with H. pyloristatus in infants. Using this approach,

we observed differential clustering by H. pylori status (p=0.002 by PERMANOVA test,
Figure 3B). Based on the threshold VIP score >1.5 we identified 14 cytokines that were
significantly different between H. pyloripositive and negative baby samples (Supplementary
Table 2, Figure 3C). Matrix metalloproteinase-10 (MMP10), TNF-related activation-induced
cytokine (TRANCE), and C-X-C motif chemokine ligand 10 (CXCL10) were the top 3
cytokines differentially expressed in the breastmilk of mothers with H. py/ori positive vs

H. pylorinegative babies (VIP >2; Supplementary Table 2). After adjusting for clinical
variables of maternal H. py/oristatus, maternal IBD status, delivery mode, feeding type and
infant antibiotic usage, and adjusting for multiple testing, MMP10 and TRANCE were still
significantly associated with infant H. py/ori status (Supplementary Table 2). For every 1
unit increase in expression of MMP or TRANCE, there was an adjusted 2.88-fold (95%

Cl 1.06-7.81) and 1.22-fold (95% CI 1.00-1.50) higher odds, respectively, of H. pylori
colonization in breastfed babies.
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DISCUSSION

In this US-based study of subjects enrolled in the MECONIUM prospective cohort, we
observed that H. py/ori colonization among babies is rare in the first month postpartum,

and more often occurs in later months. Our findings further suggest that H. py/ori infection
in babies during the first 12 months postpartum might be transient. We confirmed that
dominant breastfeeding (vs mixed or dominant formula feeding) was associated with
reduced likelihood of H. pylori colonization in babies, even after adjusting for maternal

H. pyloristatus and other clinical variables, which is consistent with findings from countries
where H. pyloriinfection is endemic. Higher expression of MMP10 and TRANCE cytokines
in maternal breastmilk was positively associated with H. py/ori colonization in breastfed
babies, even after adjusting for relevant covariates and multiple testing, suggesting that
these cytokine pathways might mediate risk for colonization. The estimated prevalence

of H. pyloriin the US is about 35%2%:21 although prevalence may be higher or lower
depending on factors such as birth cohort and race/ethnicity. The 31.8% observed H. pylori
prevalence in this cohort of pregnant mothers aligns with these estimates. Notably, because
of the characteristics of the MECONIUM cohort, we were also able to evaluate the potential
influence of maternal IBD status on maternal H. py/ori colonization. In both epidemiological
and experimental studies, H. pylori status has been associated with reduced likelihood of
IBD, which is consistent with our findings that H. py/ori positive versus negative mothers

in this cohort less often had IBD. Moreover, among 38 IBD cases, we did not observe a
significant association between maternal H. py/ori status and the IBD type, disease activity
or administration of IBD-related medications (Supplementary Table 1).

To our knowledge, this is the first study to analyze H. pylori acquisition among newborns
and infants in a US population. Despite the formal discovery of H. pylorinearly four
decades ago, the exact mode of transmission is still debated. Transmission is thought to
occur primarily from person-to-person, although water-borne transmission and other routes
have been described.22 The natural history of H. pyloriinfection, particularly very early

or early in life with respect to persistence of infection, is still also poorly understood.
Intrafamilial spread is thought to be the primary source of early-in-life H. pylori acquisition.
While spread of H. pylorican occur from any positive family member, maternal infection
is likely the main source during this early life period.23 In support, one analysis of 1,066
healthy newborns in the Ulm Birth Cohort Study reported that while maternal, paternal,
and sibling infection were all significantly associated with risk of infection in the proband
child, only maternal infection remained significant in multivariable analysis.10 Very few
studies have analyzed H. pylori acquisition in the newborn and early infant period. One
study from Japan found that among 51 children born to H. pylori positive mothers, none
tested positive by stool antigen testing in the first year of life and only after 1 year did five
children test positive (11%).2* Most of the infants in that study were dominantly breastfed
during the first year of life, which was hypothesized by the authors to be one reason for
the lack of H. pyloriinfection in this time period. The peak period of infection at least

in high prevalence countries is between age 1-5 years, and is also largely attributed to
maternal transmission.24-27 However, as noted, these studies did not analyze the very early
life period. Moreover, some studies reported only serological H. py/ori status in the child
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and did not confirm the presence of active H. pyloriinfection.” This is distinctly relevant,
since the transfer of maternal H. py/oriantibodies across the placenta and via breastmilk is
previously demonstrated.2” The present study confirms that 4. py/ori acquisition does occur
in the first year of life, particularly in the 3-12 month range. The natural history of H. pylori
infection acquired this early in life and the clinical implications remains to be determined,
particularly given our observation that spontaneous resolution of H. pylori also occurs early
in life.

While data from studies conducted in populations of high H. py/oriprevalence are
generally consistent in demonstrating that breastfeeding is inversely associated with H.
pyloriinfection in early childhood, data from industrialized countries are mixed. One study
among 946 children from Germany suggested that breastfeeding in infancy does not protect
against H. pylori colonization at least in the pre-school years.8 However, a study from

the US among 356 pre-school and school-aged children reported that breastfeeding was
strongly protective against AH. pylori infection. Indeed, our data are consistent with the
latter study in the US. Breastmilk contains various bioactive components including essential
microbes, human milk oligosaccharides (HMOs), immunoglobulins, lactoferrin and dietary
polyunsaturated fatty acids. They play essential roles in immune system development in
infants.28 Several mechanisms have been proposed as to why breastfeeding is inversely
associated with H. pylori infection2429:30 at |east early in life. Infants breastfed by mothers
with higher IgA levels in their breast milk had later H. py/ori acquisition compared to
infants breastfed by mothers with lower IgA levels in their breastmilk, suggesting IgA as

a mediator. Another mechanism, and one that is independent of maternal H. py/ori status,

is that breastmilk HMOs, in particular, sialic acid-containing oligosaccharides, inhibits H.
pylori adherence to gastric mucosal cells.3! Because mothers from non-endemic countries
who are infected with H. pylori, as in the present study, possibly have lower levels of H.
pylori1lgA compared to mothers in endemic countries, it is possible that other mechanisms
might be more relevant.3!

Among all breastfed mother-baby pairs, we identified significant differential expression

of certain key cytokines in maternal breastmilk according to babies’ H. pylori status,
suggesting that cytokine alterations in the breastmilk might impact susceptibility of babies
to H. pylori colonization. We demonstrated that key features in breastmilk cytokines
according to H. pyloristatus included MMP-10, TRANCE, CXCL10, among others,

but that only MMP-10 and TRANCE were statistically significant on multivariable
analysis. Studies have demonstrated that MMP-10 is elevated in gastric mucosa and is
produced by gastric epithelial cells in the setting of H. py/ori colonization, with MMP-10
production synergistically induced by 1L-22 via the ERK pathway.32 Human gastric
MMP-10 is positively correlated with severity of gastritis in the setting of H. pylori
colonization.33 Studies of MMP-10 knockout mice demonstrate decreased likelihood of H.
pylori colonization in gastric mucosa. Furthermore, animal models of H. py/oriinfection
demonstrate that cytotoxic CD8+ T cell responses are also relevant for mediating H.
pylori colonization.34 Collectively these data suggest that enrichment of MMP-10 and other
proinflammatory cytokines in breastmilk may play a role in impairing host defense and
increase susceptibility to H. pylori colonization among babies.
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In addition to factors associated with H. py/oriacquisition in the very early life period, we
also investigated whether H. pyloriinfection in the newborn/infant impacted growth metrics.
We found no difference in head circumference, length, nor birthweight in babies with vs
without H. pyloriinfection. We are unable to comment on growth metrics past 1 year,
although a handful of studies from developing countries have demonstrated that H. py/lori
infection in childhood is associated with delayed growth in older children3®-37  although
residual confounding related to socioeconomic status and other relevant factors might be
certainly be at play. This underscores the clinical importance of better defining the natural
history of H. pyloriinfection in very early and early childhood, along with modulating
factors and the short- and long-term clinical implications.

Our study has several strengths, including novelty, as it is the first study in a nonendemic
population to analyze H. pylori acquisition and persistence in the very early life period,
with multiple time points included within the first year of life, and several relevant factors
adjusted for (e.g. maternal H. pyloristatus, day care exposure, antibiotic exposure, type of
feeding, mode of delivery and gestational age). We also analyzed associated breastmilk
cytokine profiles. Notwithstanding, there are limitations. Firstly, this study included a
relatively small sample size since mother-baby pairs were needed, and lacked most follow-
up stool samples past 12 months. As such, our analysis is subject to type Il error, and some
reported null findings reflect insufficient power to detect true differences that may actually
exist. Secondly, we had limited availability of paternal and other siblings’ stool samples.
Thirdly, we were not able to confirm H. py/ori strain congruency between mothers and
their offspring due to the low H. py/foriload in frozen fecal samples. We acknowledge the
possibility that some of the transient infections observed in this study may instead represent
false positive or negative tests, although this is presumed to be rare given the very high
accuracy of the H. pylori ELISA assay, and also our exclusion of mothers on PPIs, which
can reduce the sensitivity of the test.38 Most mothers were recruited from New York City,
which may affect generalizability to other US populations and may also impact H. py/lori
prevalence. We also did not have access to the immigration status and the travel history

to endemic H. pyloriregions. Lastly, while not a limitation per se, this cohort included 38
women with IBD (30 in disease remission); given the inverse association between H. pylori
and 1BD3?, H. pylori colonization might also be underrepresented in this cohort.

In conclusion, our study confirms that H. py/ori acquisition does indeed occur early in life
even in regions where H. pyloriinfection is not endemic, although spontaneous clearance
of infection also occurs. Dominant breastfeeding appears to be associated with a lower
likelihood of H. pyloriacquisition in this early period. We further observed measurable
changes in the breastmilk cytokines that may impact H. py/ori susceptibility in the breastfed
babies. Determining the permanence of these changes and the associated health and
immunomodulatory implications are areas in need of focused investigations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Mapping of H. pylori status within mother-baby dyads.
H. pyloristatus in 66 mothers and their babies at 1 month, 3 months, 12 months, and 24

months along with maternal and baby clinical variables.
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Figure 2. Mapping of H. pylori status within families.
Eleven distinct families had fecal samples and additional information available for other

first-degree related household members (fathers, siblings). The results of H. pyloritesting by
family is depicted. “F” refers to “Family”, while the associated number corresponds to the
numeric mother-baby dyad of the 66 total dyads including in the study.
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Figure 3. Maternal breastmilk cytokines differentially expressed in mothers of H. pylori positive
Vs negative babies, based on PLS-DA supervised clustering model.

PLS-DA supervised clustering model was used to select the most differentially expressed
maternal breastmilk cytokines between H. pylori positive vs. negative breastfed babies.
Figure 3A. Supervised PLS-DA analysis demonstrated significantly differential clustering
by H. pylori status (p-value=0.01). Figure 3B. A total of 14 cytokines were significantly
differentially expressed, as determined based on VIP scores>1.5 (see text).
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Baseline characteristics of mothers and their babies (n=66 biological mother-baby pairs) Univariate analysis

H. pylori statusT

Maternal 1IBD *

0.05 (0.01-0.27) <0.001

Dig Dis Sci. Author manuscript; available in PMC 2023 November 01.

Maternal Variables Positive (n=21) Negative (n=45) p-value
Age at enrollment (SD), years 34.6 (4.0) 35.8(3.9) 0.30
Race 0.11

White 17 (81.0%) 41 (91.1%)

Asian 0 (0%) 2 (4.4%)

Black 2 (9.5%) 2 (4.4%)

Other 2 (9.5%) 0 (0%)
Hispanic ethnicity (Yes) 2 (9.5%) 4 (8.9%) 1
Smoking (current or former) (Yes) | 3 (14.3%) 5(11.1%) 0.75
Antibiotic usage (Yes) 4 (19.0%) 16 (35.6%) 0.43
IBD (Yes) 4 (19.0%) 34 (75.6%) <0.001

-1BD type (UC vs CD) 1 (4.8%) vs 3 (14.3%) | 13 (28.9%) vs 14 (31.1%) | 0.61

H. pylori status-r

Babies’ Variables Positive (n=13) Negative (n=53) p-value
Mother H. pylori status (positive) 6 (46.2%) 15 (28.3%) 0.32
Mother IBD status (Yes) 6 (46.2%) 32 (60.4%) 0.37
Sex (Female) 5 (38.5%) 25 (47.2%) 0.55
Race’t 0.015

White 10 (76.9%) 48 (90.6%)

Asian 1(7.7%) 1 (1.9%)

Black 0 (0%) 4 (7.5%)

Other 2 (15.4%) 0 (0%)
Hispanic ethnicity (Yes)¢ 0 (0%) 6 (11.3%) 0.59
Gestational age (SD), months 39.1(1.2) 39.3(1.1) 0.47
C-section 2 (15.4%) 18 (34.0%) 0.31
Birth weight (SD), kg 34(0.4) 3.3(0.4) 0.53
Head circumference (SD), cm 34.5(2.3) 35.0 (2.6) 0.59
Length SD, cm 50.2 (2.5) 49.7 (5.3) 0.61
Antibiotic exposure 5 (38.5%) 27 (50.9%) 0.54
Dominant breastfeeding 2 (15.4%) 26 (49.1%) 0.032
Day care attendance§ 2 (15:3%) 13 (24.5%) 0.72
Multivariable analysis

Variables Odds ratio p-value



1duosnue Joyiny vA 1duosnue Joyiny wA

1duosnue Joyiny vA

Shah et al. Page 17

Multivariable analysis

Variables Odds ratio p-value

Dominant breastfeeding ** | 0-17 (0.029-0.98) | 0.049

fNote: Subjects were categorized as H. pylori positive if any of the samples tested positive for H. pylori based on fecal antigen testing, and negative
if all of the tested samples were negative.

11‘Race and ethnicity information were based on mothers

§

At least 2 or more days per week attendance in daycare qualified as “daycare attendance”

*
p-values from multivariable logistic regression to test the association between maternal H. pylori status and the maternal IBD status after adjusting
for maternal antibiotic usage, age, and smoking status.

Aok
p-values from multivariable logistic regression to test the association between infant H. pylori status and the dominant breastfeeding after
adjusting for maternal H. pylori status, maternal IBD status, delivery mode, and antibiotic usage.

Abbreviations: SD, standard deviation; IBD, Inflammatory bowel disease; CD, Crohn’s disease; UC, Ulcerative colitis.
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