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Abstract

Objectives: To identify factors that increase risk of gastrointestinal-related (Gl-related)
hospitalization of infants with cystic fibrosis (CF) during the first year of life.

Methods: The Baby Observational and Nutrition Study was a longitudinal, observational cohort
of 231 infants diagnosed with CF by newborn screening. We performed a post-hoc assessment of
the frequency and indications for Gl-related admissions during the first year of life.

Results: Sixty-five participants had at least one admission in the first 12 months of life.

High pancreatic enzyme replacement therapy (PERT) dosing (>2000 LU/kg/meal) (hazard ratio,
HR=14.75, p=0.0005) and use of acid suppressive medications (HR=4.94, p=0.01) during the
study period were positively associated with subsequent Gl-related admissions. High levels of
fecal calprotectin (fCP) (>200 ug/g) and higher relative abundance of fecal Klebsiella pneumoniae
were also positively associated with subsequent Gl-related admissions (HR=2.64, p=0.033 and
HR=4.49, p=0.002, respectively). During the first 12 months of life, participants with any
admission had lower weight-for-length z-scores (WLZ) (p=0.01). The impact of admission on
WLZ was particularly evident in participants with a Gl-related admission (p<0.0001).

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2022 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sathe et al.

Page 3

Conclusions: Factors associated with higher risk for Gl-related admission during the first 12
months include high PERT dosing, exposure to acid suppressive medications, higher fCP levels,
and/or relative abundance of fecal Klebsiella pneumoniae early in life. Infants with CF requiring
Gl-related hospitalization had lower WLZ at 12 months of age than those not admitted as well as
those admitted for non Gl-related indications.

Keywords

pancreatic enzyme replacement therapy; fecal calprotectin; Klebsiella pneumoniae ; acid
suppressive medications; malnutrition

Introduction

Methods

Cystic fibrosis (CF) is a multisystem disease that includes gastrointestinal (GI)
manifestations such as meconium ileus (MlI), pancreatic insufficiency (PI), fat
malabsorption, rectal prolapse, gastroesophageal reflux, and alterations in the Gl
microbiomel. Many of these factors contribute to malnutrition and may be severe enough to
warrant hospitalization. Although the implementation of universal newborn screening (NBS)
for CF in the United States has improved outcomes?:3, infants with CF remain at risk for
hospitalization during the first 12 months of life3-5. Agrawal et al. reported 0.67 per 10,000
admission for patients with CF <1 year of age in a post-NBS era in 2013. While this rate

of admission is lower than for patients with CF >1 year of age, admission during the first
12 months of life contributes to the emotional and financial burden a diagnosis of chronic
iliness bestows on new parents®~S.

Nutritional management is prioritized in CF infants due to the impact of malnutrition on
long-term pulmonary outcomes, cognitive function and mortality®11. Nutritional challenges
are often directly associated with early GI manifestations!2. While respiratory findings that
correlate with hospitalization during the first year of life have been reported previously34,
factors that are associated with an increased risk of Gl-related hospitalization during the first
year of life, excluding meconium ileus (MI), remain incompletely understood. This study
aims to identify potential factors that may increase risk of Gl-related hospitalizations in
infants with CF. By recognizing these factors, strategies may be developed to decrease the
cost and burden associated with early hospitalization, improve overall GI symptomatology,
and most importantly, optimize growth in the first year of life.

For our study, we performed a post-hoc analysis of data collected from the Baby
Observational and Nutrition Study (BONUS). BONUS was a multicenter, longitudinal,
prospective, observational cohort of infants diagnosed with CF by newborn screening
(NBS). BONUS previously shed light on the impact of NBS on weight and length, PERT
usage, and respiratory findings in the first year of life.3-413. Data was collected from each
participant’s outpatient history, inpatient admission records, and laboratory values including
oropharyngeal and fecal metagenomes during the first 12 months of life.
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Participants and Study Design

The complete Methods and primary data from BONUS have previously been reported in
detail3. In brief, BONUS was a prospective cohort study that enrolled infants with CF
diagnosed by NBS from birth to 3.5 months of age at 28 CF Centers in the United States?
between January 7, 2012 through May 31, 2015. Infants were required to have a gestational
age of 35 weeks or greater, birth weight greater than or equal to 2.5 kg and the ability to
tolerate full oral feeds at enrollment. Infants were followed until 12 months of age with
BONUS visits occurring simultaneously with routine standard-of-care visits in accordance
with Cystic Fibrosis Foundation (CFF) guidelines®. Infants in whom a gastrostomy tube
(Gtube)/percutaneous gastrostomy tube (PEG) was placed after enrollment remained in
the study to observe natural history. Approval for BONUS was granted through the local
institutional review board at each participating site (ClinicalTrials.gov NCT01424696) and
informed consent was obtained from a parent or legal guardian of each participant.

The following parameters were collected:
. At enrollment:
- Birth and postnatal history were screened for a diagnosis of Ml

. At each visit (monthly from birth-6 months of age and then every 2 months from
6 to 12 months of age):

- Anthropometrics
¢ Weight, length, and occipital-frontal circumference (OFC)14
- Medications

¢ Including pancreatic enzyme therapy (PERT), acid suppressive
medications (proton pump inhibitors and Hy-receptor
antagonists) and antibiotics

. Closest to enrollment, 6 and 12 months of age (if a stool-containing diaper
(S-CD) was available)

- Fecal calprotectin (fCP)
. Closest to enrollment, 5, 6, 8, 10, and 12 months of age (if a S-CD was available)

- Fecal microbiota (assessed via shotgun metagenomic sequencing and
subsequent taxonomic profiling via MetaPhlAn215-16)

. Hospitalizations

- Type of hospitalization (respiratory, Gl-related, or other based on
primary indication for admission)

- Length of stay (LOS)

Definitions:

World Health Organization (WHO) standard growth curves were used to calculate weight,
length, and OFC z-scores!’-18, CFF guidelines recommend the following PERT dosing
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based on lipase units (LU): 450-900 LU/g of fat or 2,000-4,000 LU/120 ml of formula

or when breastfeeding. PERT dosing for BONUS was stratified into 3 categories: <1000,
1000 to 2000, and >2000 LU/kg/meall3. Given that the mean PERT dose in our cohort was
1182 LU/kg/meal (range 492-3727 LU/kg/meal), we defined high PERT dosing as >2000
LU/kg/meal. Fecal calprotectin, a marker of intestinal inflammation was measured in pg/g,
and a value of >/=200 pg/g was considered high based on ARUP laboratory cutoffs1®,

Statistical Methods:

Results

Descriptive analyses of categorical and continuous variables were performed using
proportions, frequencies, medians and ranges. Differences and comparisons were performed
with Chi-square test, Fisher’s exact test, Wilcoxon Rank Sum test and t-test, as appropriate
to the variable’s level of measurement and distribution. Mixed model with first-order
autoregressive covariance structure was used to investigate the association between hospital
admission and various z-scores (weight z-score (WAZ), length z-score (LAZ), weight-for-
length z-score (WLZ)) repeatedly measured during the first year of life. Kaplan Meier
Curves were produced to illustrate the relationship between GI admission and time-static
characteristics, such as at or closest to enrollment measurement of fCP, relative abundance
of fecal K. pneumoniae and PERT dosing. Both Log Rank test and Cox proportional hazard
model were used to investigate the effect on hospitalization and other outcomes of time-
static covariates, such as at or closest to enrollment measurements of fCP, relative abundance
of fecal K. pneumoniae, PERT dosing, mutation, genotype, and MI. PERT dosing, acid
suppressive medication usage, antibiotics usage and feeding type were measured multiple
times during the 12-month study period to incorporate the information from those multiple
measured characteristics and their temporal order relative to the event, the Cox proportional
hazards model with time-dependent explanatory variables was utilized2%-21, The missing
data for this study was acceptable for typical longitudinal observational studies, with
missing values ranging from 0% for hospitalization, to 5% for fCP closest to enrollment,

to 17% for fecal K. pneumoniae closest to enrollment. The typical pairwise deletion was
used to handle missing values for various statistical testing. All statistical analyses were
performed with SAS 9.4 (Cary, NC).

The demographics of BONUS have been well described in greater detail in the original
paper by Leung et al3. A total of 65 out of 231 infants enrolled in BONUS required
admission during their first 12 months of life. Of the 231 infants in the study, 49 (21.2%)
were hospitalized once and 16 (6.9%) were hospitalized at least twice. Four participants
(1.7%) had three or more admissions which included separate admissions for respiratory
and Gl indications. Twenty-one participants (9.1%) had at least one admission for a GlI-
related cause, 40 (17.3%) had at least one admission for a respiratory indication, and 9
(3.9%) were admitted at least once for other causes. For infants with more than one Gl
admission, the second admission always occurred within two months of discharge from the
first hospitalization.
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There were no significant differences in median LOS among GlI, respiratory and other
indications for admission (p=0.27). A majority of the Gl-related admissions (n=15, 57.7%)
were for the following clinical diagnosis: failure to thrive, poor weight gain, feeding
difficulty, or poor intake (Table 1). The median LOS for Gl-related admissions was 5.0
days (range 1.0-44.0 days). Constipation accounted for 1 (3.9%) admission with a LOS of
1.0 days. Reflux/emesis accounted for 2 (7.7%) admissions with a median LOS of 9.0 days.
Electrolyte disturbances accounted for 2 (7.7%) admissions with a median LOS of 6.5 days
(range 5.0-8.0 days). There was only one admission for rectal prolapse with a LOS of 1.0
days. Gtube/PEG placement accounted for 4 (15.4%) admissions with a median LOS of 4.0
days (range 2.0-9.0 days).

Mixed model analysis showed that all-cause admission was associated with lower WAZ
(p<0.0001), lower LAZ (p<0.001) and lower WLZ (p=0.01), with Gl-related admission
having the greatest negative effect on anthropometric measures and respiratory admissions
having a negligible effect (Figure 1). Among those participants who were not hospitalized,
mean WLZ at 12 months of age were 0.39 (SD 0.81) compared to 0.08 (SD 0.97) for those
who required any admission (p<0.05).

Factors and their relationship to Gl-related admission are summarized in Table 2. Genotype,
history of MI and feeding type were not associated with an increased risk of Gl-related
admissions in the first 12 months. We assessed the effect of medications on Gl-related
admissions. Log Rank test showed that high PERT dosing per meal (>2,000 LU/kg/meal)

at enrollment, which was seen in 46 of 210 (21.9%) infants with PI, was associated with
increased risk for a subsequent Gl-related admission (p=0.031, Figure 2). When multiple
measurements of PERT were modeled as time-dependent explanatory variables in the Cox
proportional hazard model, the positive association between high PERT dosing per meal and
Gl-related admission was more significant (hazard ratio=14.75, p=0.0005). Acid suppressive
medications were taken at some point in the first year of life (“ever taken”) in 153 (66.2%)
of infants and were significantly associated with Gl-related admission (p<0.001), with 116
of these (75.8%) ever using histamine (H, blocker) and 85 (55.5%) ever using a proton
pump inhibitor (PPI). Some infants took >1 acid suppressant. All 21 participants that had

a Gl-related admission were on acid suppressive treatment at some time during the first
year of life with 18 (85.7%) participants on acid suppressive medications prior to the GI-
related admission. Cox proportional hazard model showed that acid suppressive medications
(either H, blocker or PPI) were positively associated with subsequent Gl-related admission
(HR=4.94, p=0.003) but not respiratory admission (p=0.731). Antibiotics were “ever taken”
at some point in the first year of life in 176 (76.2%) infants. Of the 21 participants

admitted for Gl indications, 12 (57.1%) had antibiotic treatment before admission. Cox
proportional hazard model did not show significant association between antibiotic treatment
and subsequent Gl-related admission (HR=1.73, p=0.24).

Fecal calprotectin levels at enroliment were available for 94% of infants and were found to
be elevated in 37.8% of participants. Elevated levels of fCP at enrollment were positively
associated with subsequent Gl-related (p= 0.048) but not respiratory (p=0.2274) admissions.
Higher relative abundance of K. pneumoniae in the fecal microbiota at enrollment was also
associated with subsequent Gl-related admissions (p=0.002) (Figure 2).
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Discussion

This study fills a critical gap in the literature pertaining to factors that may be associated
with increased risk of Gl-related hospitalizations during the first year of life in the CF
population. A noteworthy 1 in every 4 infants in the BONUS cohort required hospitalization
in the first year of life, which was greater than Agarwal’s reported rate of 0.67 admissions
per 10,000 for patients <1 year of age®. This discrepancy likely represents challenges in
comparison of a relatively small prospective cohort with a large database driven population
study that relies on ICD-9 codes for extrapolation of data. While Gl-related admissions were
less frequent than respiratory, 1 in 10 BONUS participants required at least one Gl-related
hospitalization, with a median of 6.87 days in the hospital. The rate of Gl-related admissions
in this study is much less that noted by Agrawal et al. for the total CF population of 3%5,
although direct correlation of percentage of Gl-related admissions for age was not available
for comparison. This likely represents variation in specific GI manifestations of CF seen
across different age groups.

The initial analysis of the BONUS study found that universal NBS led to significant
improvements in both WAZ and LAZ compared to a similar cohort from 20 years ago®.

It is encouraging that at 12 months of age, infants in the BONUS cohort who had never

been hospitalized were at the population norm for weight and close to the population norm
for length. While early recognition of disease has allowed for earlier and more aggressive
intervention, malnutrition and stunting among infants with CF nevertheless persists3- Of

the Gl-related admissions in the BONUS study, the majority were for failure to thrive,

poor weight gain, feeding difficulty, and poor intake. In total, nearly 60% of all Gl-related
admissions in the first year of life in the BONUS cohort were linked to malnutrition
demonstrating that malnutrition continues to represent a significant risk to infants with CF.
This illustrates the importance of adhering to the recommendations of the CFF to have a
registered dietitian as part of the multidisciplinary team and close follow-up in the first 12
months of life®. Our analysis of the growth patterns of infants who were hospitalized in

the first year of life indicates that those who were admitted for respiratory concerns had
WAZ, LAZ and WLZ that were indistinguishable from infants who were never hospitalized;
specifically, growth was at or close to the population norm at 12 months of age. On the
contrary, those who were hospitalized because of GI symptoms had significantly lower
anthropometric parameters relative to those who had never been hospitalized and the deficits
were severe enough to skew these nutritional parameters for the group as a whole (“all-cause
admission”). No catch-up growth was seen at 12 months of age in the infants hospitalized
for GI concerns. The primary indications for Gl-related admission was failure to thrive/
poor feeding/poor intake, which directly impacts nutritional status. Unlike resolution from

a pulmonary exacerbation or viral respiratory illness, catch-up growth requires persistent
interventions over time22, Therefore, hospitalization for GI causes may serve to identify
infants who require extra medical attention because adverse growth early in life is negatively
associated with future pulmonary and other important clinical outcomes811.

Notably, the type of feeding (breastmilk, formula or combination) was not associated with
increased risk of admission or in overall weight gain during the first 12 months of life in the
initial analysis of the BONUS cohort3. These results support CFF guidelines recommending

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2022 September 01.
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incorporation of breastfeeding/breastmilk into CF infants’ nutritional support, while
providing as needed caloric additives®. However, due to our small sample size of CF infants
with Gl-related hospitalization, further research in this area in needed.

With regard to PERT dosing, there are conflicting results in the literature. Gelfond et al.8
found a mean PERT dose of 1882 LU/kg/meal and identified no association between PERT
dose and weight gain or clinical benefit among the BONUS cohort; whereas Schechter et al.
showed an improvement for WAZ and WLZ z-scores reached by 2 years of age in infants
receiving >1500 LU/kg/mealZ3. The high PERT doses in both studies are below the cutoff
point used in this analysis of 2,000 LU/kg/meal, which was associated with increased risk
for Gl-related admission. Using high PERT dosing has historically been thought to improve
malabsorption and thus improve weight gain. Our results suggest that high PERT may be

a result of, rather than a cause of, Gl-related symptoms. Specifically, clinicians continue

to utilize high PERT dosing when concerned about GI symptoms of malabsorption and
poor weight gain. As an observational study, we cannot determine cause and effect. Further
exploration is needed to determine the optimal PERT dosing to minimize GI symptoms and
maximize growth.

Prescribing acid suppressive medications is common practice in CF. Approximately 65%
of all persons with CF in the CFF Patient Registry are reported to be on acid suppressive
medications24. There are many reasons for the use of these medications in this population
including but not limited to gastroesophageal reflux, gastric hyperacidity, increasing the
efficacy of PERT and concerns of micro-aspiration resulting in declining lung function
and/or early lung disease?>. PPI use among older persons with CF has been associated

with higher risk for pulmonary exacerbations28, decline in lung function?’ and increased
rate of hospitalizations28. A previous analysis of the BONUS cohort found that use of acid
suppressive medications with either Ho-blocker or PPl medications was not associated with
respiratory admissions*. The current analysis identified an almost 5-fold increased risk for
Gl-related admissions. Analytic limitation prevents us from understanding whether all acid
suppressive medication strategies are equally associated with Gl-related admission. As with
PERT dosing, the finding of an increase in Gl-related hospitalizations in infants with CF
on either Ho-blocker or PPI suggests that early initiation of acid suppressive medications
may also be a surrogate marker of severity of GI symptoms and not a cause of increased
admissions.

Garg et al. evaluated age-dependent variation of fCP, a marker of intestinal inflammation,

in CF and found significantly lower levels than in healthy controls during the first year of
life?®. Ellemunter et al. evaluated longitudinal changes in fCP in CF patients O to 61 years
old and found an elevation in two-thirds of patients in at least one sample over a period of

12 years?8. In both studies however, elevated fCP was defined by >50 pg/g2%-3C. In our study
we chose to use a higher cutoff value of 200 pg/g as used by ARUP and based on reports

of elevated fCP in healthy infants in the first year of life3. In the BONUS cohort, elevated
fCP at enroliment was predictive of Gl admission. It is possible that this finding reflects
impairment of intestinal absorption or increased caloric expenditure due to inflammation,
resulting in nutritional failure requiring hospitalization. Further exploration is needed to
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sathe et al. Page 9

confirm and delineate these relationships and whether this biomarker can be used clinically
to identify infants who need closer follow-up or earlier intervention.

Previous work has identified an association between fCP and relative abundances of
intestinal Proteobacteria32 in children with CF. Similarly, we identified an association
between increased fecal abundance of the Proteobacteria, K. pneumoniae, from stool
sample obtained closest to enrollment and during a subsequent Gl-related admission.
Klebsiellaisolates have been associated with GI inflammation in premature infants33-34,
Whether Klebsiella or other Proteobacteria cause or represent inflammation and increased
risk of subsequent Gl-related admission requires further investigation. Of note, a detailed
description of alterations in the fecal microbiota in infants in the BONUS cohort published
elsewhere noted no significant relationship between fecal taxonomy and calprotectin
levelst4,

The major limitation of this study is that it is a post hoc analysis and observational in nature,
which can identify associations, but cannot establish causation. Of note, the core study
design specifically excluded infants who were born prematurely, had very low birth weight,
or had complex MI and were unable to tolerate full feedings at the time of enrollment;

thus, our conclusions are generalizable only to “healthy” infants with CF. Furthermore, as
only the primary diagnosis of admissions was captured, multi-system involvement was not
elucidated. The small number of admissions overall during the BONUS study, particularly
Gl-related hospitalizations, also limited the power of these observations. In addition, the lack
of assessment of social determinants of health in this study limits the generalizability of this
data.

Despite our limitations, the results of this study highlight that even in a relatively

healthy cohort of infants with CF, there is a significant risk of Gl-related hospitalization.
Anthropometrics measurements in infants with Gl-related hospitalization did not show
catch-up at 12 months of age. These infants must be identified early and followed closely

to optimize growth, minimize negative long-term clinical outcomes, and improve survival.

It is imperative to study a larger population of infants with Gl-related hospitalization to
better stratify risk factors for hospitalization in the first year of life including evaluation of
social determinants of health and burden of disease to determine generalizable approaches to
managing this vulnerable population.

Of course, risk factors will need to be reassessed once highly effective modulators (HEMs)
are used in this very young, physiologically vulnerable age group. Restoration of CFTR
function through HEMs may have a beneficial impact on both intestinal inflammation,
malabsorption, and the gut microbiome35-37,

Conclusion

In conclusion, the most common reasons for Gl-related hospitalization in infants with

CF during the 12 months of life were failure to thrive and poor weight gain. Acid
suppressive medications and high PERT dosage were associated with increased risk of
Gl-related admission. Theoretically, these factors may be indicative of malnutrition and its
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severity leading to clinician interventions. High fCP and Klebsiella pneumoniae abundance
within the fecal microbiota early in life were associated with increased risk for subsequent
Gl-related admissions. Future research could be useful to note whether these objective
measures can be used to identify those infants who may benefit from earlier or more
aggressive interventions. Furthermore, these variables could be potentially modifiable risk
factors. At present, given that the majority of infants with CF are not yet eligible for highly
effective modulator therapy, the first year of life remains a critical time period. In light

of the long-term implications of poor growth, further study is warranted to develop more
effective outpatient nutritional and medical management strategies to minimize Gl-related
hospitalization as well as determine the impact of social determinants of health in families
caring for an infant with CF.
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What is known?

. Infants with cystic fibrosis (CF) experience nutritional challenges and
gastrointestinal symptoms early in life.

. Risk of hospitalization during the first 12 months of life in infants with CF
directly contributes to the emotional and financial burden of the disease.

. Poor growth early in life negatively impacts long-term clinical outcomes.
What is new?
. Infants with CF who require Gl-related hospitalization in the first 12 months

of life have potentially identifiable risk factors.

. Risk factors include high PERT dosing, exposure to acid suppressive
medications, lower birth weight-for length z-score, and higher fecal
calprotectin (fCP) levels and/or K. pneumoniae relative abundance in the stool
early in life.

. Infants with CF requiring Gl-related hospitalization had worse overall growth
(WLZ) at 12 months of age than those not admitted and those admitted for
non Gl-related indications.
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Figure 2:

The relationship of Gl admission and baseline measurements of fecal calprotectin, relative
abundance of fecal K. pneumoniae and PERT dose
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Clinical Diagnosis for Gl-related Hospitalizations

Table 1:

Page 16

Indication Number of Gl-related % of Total GI -related Average LOS days median
Hospitalizations Hospitalizations (range)

FTT/Poor weight gain/Feeding 15 57.7 4.0 (1.0-44.0)

difficulty/Poor intake

Constipation 1 3.9 1.0

Reflux/Emesis 2 1.7 9.0 (9.0-9.0)

Electrolyte disturbances 2 7.7 6.5(5.0-8.0)

Diarrhea 1 3.9 5.0

Rectal prolapse 1 3.9 1.0

Gtube/PEG placement 4 154 4.0(2.0-9.0)

FTT: failure to thrive; Gtube: gastrostomy tube; PEG: percutaneous endoscopic gastrostomy tube

Clinical diagnosis for Gl-related Hospitalizations in 21 infants with a total of 26 unique admissions (5 participants had >1 admission).
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Table 2:

Association of Risk Factors with Gl-related Admissions
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(n=193)

Potential Associated Risk Factor Total number | Participants with Gl- Participants with p value
n (%) related no Gl-related
n=231 Hospitalization Hospitalization
n (%) n (%)
n=21 n=210
Phenotypic characteristics
F508del/F508del 132 (57.1) 12 (57.1) 120 (57.1) 2
0.94
Genotype F508del/other 84 (36.4) 8(38.1) 76 (36.2)
Other/other 15 (6.5) 1(4.8) 14 (6.7)
Yes 27 (11.7) 3(14.3) 24 (11.4)
Meconium ileus 072 b
No 204 (88.3) 18 (85.7) 186 (88.6)
Choice of feeding
Breastfeeding ONLY | 66 (28.7) 7(33.3) 59 (28.2)
Feeding Type closest to
F la ONLY 117 (50.9 13 (61.9 104 (49.8 a
enrollment*(n=229) ormuta (509) (619 (498) 0.17
Both 47 (20.4) 1(4.8) 46 (22.0)
Medications
Normal (</=2000
164 (78.1) 13 (65.0) 151 (79.5)
PERT dose at/near enrollment LUrkg/meal) 016 b
(PI infants only, n=210) . .
High (>2000 LUK/ | 46 (01 g 7(35.0) 39 (20.5)
meal)
Never Taken 78 (33.8) 0(0.0) 78 (37.1)
<0.001 4
Ever Taken 153 (66.2) 21 (100) 132 (62.9)
Acid suppressant (some infants
took >1 during study period) I-;ﬁt;egcgﬁitsotr 116 (75.8)
Proton pump
inhibitor 85 (55.5)
Never Taken 55 (23.8) 5(23.8) 50 (23.8) 1.00 4
Antibiotic use :
Ever Taken 176 (76.2) 16 (76.2) 160 (76.2)
Stool markers
Calprotectin level at enroliment ™ Normal (<200 pg/g) 135 (62.2) 8 (40.0) 127 (64.5) 0037
(n=216) High (>=200 ug/g) | 82 (37.8) 12 (60.0) 70 (35.5) '
Relative abundance of K. Normal (<1%) 143 (74.1) 8 (44.4) 135 (77.1) <001 b
pneumoniae in the fecal '
. . *
microbiota at enrollment High (>=1%) 50 (25.9) 10 (55.6) 40 (22.9)

a. .
Chi square test

b’Fisher’s Exact test

*
Data not available for all subjects (see text)
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