Am J Digest Dis 2023;9(2):12-21
www.ajdd.us /ISSN:2329-6992/AJDD0150901

Original Article

Association of enteric infections and disease activity in
inflammatory bowel disease: a retrospective study
utilizing machine learning techniques

Christopher Kim?, Vamsi Maturi®, Adam Saleh?®, Manuel Garza2, Medha Narwankar®, Caroline Perry?, Kerri
Glassner?, Bincy Abraham?

1Division of Gastroenterology, Department of Medicine, Houston Methodist Hospital, Houston, TX, USA;
2Department of Medicine, Houston Methodist Hospital, Houston, TX, USA; 3Texas A&M Health Science Center,
College Station, Houston, TX, USA

Received April 24, 2023; Accepted November 16, 2023; Epub December 15, 2023; Published December 30,
2023

Abstract: Enteric infections are frequently encountered in patients with active IBD symptoms. Few studies have eval-
uated endoscopic findings in symptomatic IBD patients with an enteric infection. We hypothesized that IBD patients
with an enteric infection were more likely to have active inflammation on colonoscopy. Machine learning techniques
were used to predict the presence of enteric infection in IBD patients with active disease on colonoscopy. Patients
with IBD seen from 2015 to 2020 at Houston Methodist Inflammatory Bowel Disease program were identified.
Those who had stool PCR testing performed for evaluation of diarrhea were included in the study. Retrospective
data collection included demographic data, disease subtype, disease location, laboratory data, clinical and endo-
scopic findings. Machine learning techniques were used to help identify predictors of the presence of an enteric
infection. There were 284 patients with at least one stool PCR test and among these, 167 (58.8%) patients had an
infection identified. Those with ulcerative colitis (UC), particularly pancolitis, were more likely to have an infection
than those with Crohn’s disease (CD). Both UC and CD patients with inflammation identified on colonoscopy (based
on endoscopic score) were more likely to have an enteric infection. Finally, a multivariate analysis using machine
learning techniques showed that age predicted likelihood of enteric infection in IBD patients. Enteric infections were
commonly identified in IBD patients being evaluated for diarrhea. Clostridioides difficile and Escherichia coli species
were most common. UC, particularly pancolitis, and endoscopic disease severity increased the likelihood of enteric
infection. Age was also a significant predictor as shown in our multivariate analysis. Further tailoring of machine
learning techniques with larger patient numbers and additional variables are future research areas of interest.

Keywords: Clostridioides difficile infection, Crohn’s disease, enteric infection, inflammatory bowel disease, ulcer-
ative colitis, machine learning

Introduction such as endoscopy, radiology and histology [9,
10]. Colonoscopy, with terminal ileum intuba-
tion and histologic analysis, remains the prima-

ry diagnostic method for both diseases.

Inflammatory bowel disease (IBD) encompass-
es two chronic inflammatory diseases: Crohn’s

disease (CD) and ulcerative colitis (UC). The
prevalence of both CD and UC is on the rise in
the United States, with over 0.7% of the popula-
tion now affected [1-3]. Although the exact eti-
ology of IBD remains unclear, several studies
have shown that enteric infections, the innate
immune system, and the intestinal microbiome
are associated with the pathogenesis and exac-
erbation of IBD [4-8]. Diagnosis of UC or CD rely
on a combination of presentation and tests

Laboratory testing for IBD includes measuring
markers of inflammation such as fecal calpro-
tectin or lactoferrin, C reactive protein (CRP),
and erythrocyte sedimentation rate (ESR).
These laboratory tests are commonly used to
monitor disease activity and progression. The
management of IBD involves achieving clinical
and endoscopic remission with evolving goals
of reaching higher targets such as histologic
remission in UC and transmural healing in CD.
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Ideal therapeutic strategy would reflect multi-
ple factors including disease location, disease
activity, patient preferences, and comorbi-
dities.

Among other potential environmental contribu-
tions to the pathogenesis of IBD, enteric infec-
tions are thought to contribute to the genera-
tion of chronic inflammation by triggering an
already altered immune response [9-11].
Specific pathogens connected to IBD in prior
studies include Salmonella species, Clostri-
dioides difficile, enteropathogenic Eschericia
coli (EPEC), Listeria monocytogenes, Campylo-
bacter species, and Mycobacteria species, as
well as other parasites and viruses [12-14]. One
study found acute gastroenteritis leads to a 2.4
folds increased risk of IBD (95% CI 1.7-3.3),
with the greatest risk observed in the first year
of follow-up [9]. Both identifying microorgan-
isms and quantifying levels of inflammation are
routinely employed in caring for patients with
IBD who are having diarrhea [15]. Molecular
techniques, specifically stool polymerase chain
reaction (PCR) testing in conjunction with clini-
cal reasoning, have improved the diagnosis of
enteric infections [16, 17].

Even with these advancements, enteric infec-
tions and IBD exacerbations can be difficult to
distinguish given the similarities in presenting
symptoms and laboratory results. This con-
found can hinder treatment choices. Machine
learning techniques have been used previously
to predict the presence of IBD based on stool
and serologic testing. ML models have also
been used to help identify Clostridioides diffi-
cile (C difficile) infection in hospitalized patients
[18]. Specifically, gradient-boosted decision
trees and neural networks were able to predict
C difficile infections with high levels of discrimi-
nation [19]. Machine learning techniques are
positioned to elucidate key relationships in
patient characteristics and disease presence.
However, building and implementing machine
learning requires data. Potential data sources
include electronic health records in the form of
clinical scores, characteristics, and laboratory
reports, imaging results. Another source of
data is high throughput datasets such as
genomics, epigenomics, and proteomics. These
data sources can be used to implement
machine learning models aimed at differentiat-
ing disease [18]. Currently, implementation of
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machine learning in IBD is limited to research
and proofs-of-concept. For example, Yuan et al.
was able to identify candidate genes related to
IBD using gene expression profiles of 85 IBD
patients and 42 healthy controls in a support
vector machine learning algorithm [20]. There
are similar examples on the use of machine
learning in IBD, but to our knowledge this is the
first to explore machine learning in predicting
enteric infections in IBD cohorts.

The primary aim of this study was to evaluate
the association between enteric infections and
IBD disease activity. The secondary aim of this
study was to utilize machine learning tech-
niques as a proof of concept to predict the
presence of enteric infections based on indi-
vidual IBD phenotypes.

Patients and methods
Study population

We retrospectively identified a cohort of 574
unique IBD patients seen between 2015 and
2020 at Houston Methodist Fondren IBD
Program located in the Texas Medical Center.
Patients with a biopsy-proven diagnosis of UC,
CD or indeterminate colitis, who had a stool
PCR test performed for diarrhea and were eval-
uated endoscopically within three months of
the stool PCR test were included in the study.
Patients without endoscopic findings within
three months were excluded. Endoscopic scor-
ing and clinical characteristics among patients
with positive and negative stool PCR testing for
infection were compared. All patients with an
infection identified on stool PCR received anti-
microbial therapy unless it was contraindicated
due to the type of infection.

Data collection

A total of 284 out of 574 unique IBD patients
were identified in both the inpatient and outpa-
tient setting who had at least one stool PCR
ordered. Specifically, patients with symptoms
of diarrhea or increased urgency or frequency
of bowel movements underwent testing with
stool PCR through a BioFire FilmArray™ gastro-
intestinal panel. The data includes patient
characteristics, including age, sex, disease
subtype, disease Ilocation based on the
Montreal Classification, medications, and en-
doscopic findings within three months of stool
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testing. We recorded the specific infection iden-
tified on positive stool PCR testing and ana-
lyzed stool lactoferrin values if collected within
three months of the stool PCR test. The evalua-
tion of endoscopic activity incorporated the
Mayo endoscopic score for ulcerative colitis
patients, graded on a scale of O to 3. The scor-
ing was as follows: O for remission or absence
of visible inflammation; 1 for mild inflammation,
evident through erythema, decreased vascular
pattern, or mild friability; 2 for moderate inflam-
mation characterized by marked erythema,
absent vascular pattern, friability, or the pres-
ence of erosions; and 3 for severe inflamma-
tion, identified by spontaneous bleeding or
ulceration. For patients with Crohn’s disease
post ileo-cecal resection, the Rutgeerts’ score
was utilized. The grading was as follows: iO for
no recurrence of inflammation; i1 for 5 or fewer
aphthous ulcers; i2 for more than 5 aphthous
ulcers with skip areas of larger lesions, or
lesions confined to the ileocolonic anastomo-
sis; i3 for diffuse aphthous ileitis with diffusely
inflamed mucosa; and i4 for diffuse inflamma-
tion with larger ulcers, nodules, or narrowing.
For the remaining patients with Crohn’s, the
Simple Endoscopic Score for Crohn’s Disease
(SES-CD) was utilized, with scoring ranging
from 0-56 based on the absence or presence
of ulcers, the percentage of ulcerated surface,
the percentage of affected surface, and nar-
rowing by segment including the ileum, right
colon, transverse colon, left colon, and rectum.
These scores were converted to an ordinal
scale of disease activity levels: remission, mild,
moderate, and severe. Specifically, Mayo endo-
scopic scores were categorized as O for remis-
sion, 1 for mild, 2 for moderate, and 3 for
severe disease activity. Rutgeerts’ scores were
interpreted as i0-il for remission, i2 for moder-
ate, and i3-i4 for severe disease activity. SES-
CD scores were translated as 0-2 for remission,
3-6 for mild disease, 7-15 for moderate dis-
ease, and scores above 15 indicating severe
disease activity.

Endoscopic scoring was converted from Mayo
endoscopic score (used for ulcerative colitis
and based on O for remission or no visual
inflammation, 1 for mild inflammation described
as erythema, decreased vascular pattern and/
or mild friability, 2 for moderate inflammation
described as marked erythema, absent vascu-
lar pattern, friability and/or erosions, and 3 for
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severe inflammation defined by spontaneous
bleeding and/or ulceration), Rutgeert’s score
(used in Crohn’s disease after an ileo-cecal
resection and graded as iO for no recurrence of
inflammation, i1 for 5 or fewer aphthous ulcers,
i2 for more than 5 aphthous ulcers, skip areas
of larger lesions or lesions confined to the ileo-
colonic anastomosis, i3 for diffuse aphthous
ileitis with diffusely inflamed mucosa, i4 for dif-
fuse inflammation with larger ulcers, nodules
and/or narrowing), or Simple Endoscopic Score
for Crohn’s Disease (SES-CD) (based on the
absence or presence of ulcers, the percentage
of ulcerated surface, percentage of affected
surface, and narrowing by segment including
ileum, right colon, transverse colon, left colon
and rectum with a total score of 0-56) to an
ordinal scale with the following disease activity
levels: remission, mild, moderate and severe.
Mayo endoscopic scores from 0-3 were con-
verted as follows: O = remission, 1 = mild, 2 =
moderate, 3 = severe disease activity. Rut-
geert’'s scores from i0-i4 were converted as
i0-i1 = remission, i2 = moderate, i3-i4 = severe.
SES-CD scores were converted as 0-2 = remis-
sion, 3-6 = mild disease, 7-15 = moderate dis-
ease, > 15 = severe disease activity.

Statistical analysis

Descriptive statistics - presented as absolute
numbers, percentages, and standard devia-
tions for categorical variables - were used to
summarize the characteristics of patients in-
cluded in the dataset. A data scientist manually
reviewed and imported the data to a Python
pandas data frame for data mapping, transfor-
mation, and manipulation. We analyzed each
patient subset, stratified by positive or negative
PCR test, via the Student’s t-test and each cat-
egorical subset via X? (Chi-squared) analysis.
P-values for the respective tests were calculat-
ed with the SciPy stats package. Statistical sig-
nificance required p-values < 0.05.

Muiltivariate analysis

To develop predictive models of patients with
enteric infections, we conducted a multivariate
analysis with machine learning techniques to
evaluate our data. We formulated the analysis
as a binary classification problem with a bal-
anced random forest classifier. We selected a
tree-based model due to its effectiveness in
relatively small datasets when compared to
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Table 1. Patient characteristics

Number (%)
(N = 284 patients)

Characteristics

Sex - no. (%)

Male 175 (61.6%)

Female 109 (38.4%)
Age - YR

Median 41

Range 18-85
Disease Subtype - no. (%)

Crohn’s 166 (58.5%)

Ulcerative Colitis 118 (41.5%)

other machine learning models such as neural
networks [21].

To ensure that IBD disease activity was includ-
ed in the analysis, only patients with an endos-
copy score within the last 3 months were
included. Patient age, sex, disease subtype,
disease location, lactoferrin, and endoscopy
results were used as inputs to our classifier
from the Scikit-learn package in Python 3.6.
Variables with > 40% null values across the
data set were excluded from the analysis. We
hot encoded categorical variables with the get_
dummies function from the Scikit-learn pack-
age and then removed collinear variables prior
to model training and evaluation.

The target variable was stool PCR positivity
with K-fold cross validation used to evaluate
the model’s performance with mean f1 scores,
mean recall, mean precision, and a receiver
operating characteristic (ROC) curve. Addi-
tionally, Gini importances were reported for
included variables. Hyperparameters of our
balanced random forest classifier were then
optimized to maximize model performance.

Ethical considerations

This study was conducted in compliance with
the Health Insurance Portability and Accoun-
tability Act, and Institutional Review Board (IRB)
approval was obtained, as per institutional
policy.

Results
Patient characteristics
574 unique IBD patients were seen at our clinic

with at least one stool panel collected. 284 of
these patients with at least one completed Gl
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Table 2. Enteric infections detected by stool
PCR

Number (%)

PCR result (N = 284)

Patients with positive Stool PCR 167 (58.8%)
Patients with negative Stool PCR 117 (41.2%)
Clostridioides difficile 105 (62.8%)
Escherichia coli 34 (20.4%)
Enteroaggregative E. coli 5 (3.0%)

Enteropathogenic E. coli 27 (16.2%)

Enterotoxigenic E. coli 2 (1.2%)
Plesiomonas shigelloides 2 (1.2%)
Campylobacter 5 (3.0%)
Vibrio 1 (0.6%)
Giardia intestinalis (lamblia) 1 (0.6%)
Multiple 5 (3.0%)
Sapovirus 3(1.8%)
Yersinia Enterocolitica 2 (1.2%)
Astrovirus 1 (0.6%)
Cyclospora 3(1.8%)
Norovirus 5 (3.0%)

molecular pathogen PCR panel were randomly
chosen to be included in our study. The median
age of patients in the cohort was 41 years old;
175 (61.6%) were male, and 109 (38.4%) were
female. In our cohort, 166 (58.5%) patients had
Crohn’s disease, and 118 (41.5%) had ulcer-
ative colitis (Table 1).

Positive stool pathogen PCR

In total, 167/284 (58.8%) patients had a stool
PCR test that was positive for an enteric infec-
tion (Table 2). Of those, 105 (62.8%) PCR tests
were positive for Clostridioides difficile. Among
the 62 (37.2%) other positive PCR tests, 34
(20.4%) were positive for Escherichia coli.
Enteropathogenic E. coli was the subset of E.
coli detected most often with 27 (16.2%) of
positive stool PCRs, followed by Enteroag-
gregative E. coli with five (3.0%) and
Enterotoxigenic E. coli with two (1.2%). The
other most common pathogens detected
included Campylobacter in five (3%), Norovirus
in five (3%), Cyclospora in three (1.8%) and
Sapovirus in three (1.8%) patients.

Enteric infections and associated variables

The average age of patients with a positive
stool PCR was 44.3 (+ 15.3) years old. Patients
aged 20-50 were more likely than other age
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Table 3. Age distribution amongst patients with collected stool PCR tests

Age Positive Stool PCR (N = 167) Negative Stool PCR (N = 117) Chi-Square P-Value
[10, 20] 5 (3.0%) 7 (6.0%) 0.0034

[20, 30] 41 (24.6%) 19 (16.2%)

[30, 40] 43 (25.7%) 18 (15.3%)

[40, 50] 32 (19.2%) 15 (12.8%)

[50, 60] 27 (16.2%) 34 (29.1%)

[60, 70] 17 (10.2%) 16 (13.7%)

[70, 80] 2 (12.0%) 7 (6.0%)

[80, 100] 0 (0%) 1 (0.9%)

Table 4. IBD disease subtype in patients with and without enteric infections as identified by stool PCR

testing

Positive Stool PCR

Negative Stool PCR

Fisher’'s Exact Test

Disease Subtype (N = 167) (N = 117) Odds Ratio P-Value
Crohn’s Disease 86 (51.8%) 80 (48.2%) 0.492 0.00496
Ulcerative Colitis 81 (68.6%) 37 (31.4%) 2.031

IBD-inflammatory bowel disease; PCR-polymerase chain reaction.

groups to have a positive stool PCR (P = 0.034)
(Table 3). In patients with ulcerative colitis, 81
(68.6%) had a positive stool PCR and 37
(31.4%) were negative for a stool PCR; compar-
atively, in patients with Crohn’s disease, 86
(51.8%) had a positive stool PCR and 80
(48.2%) had a negative stool PCR. Based on
these results, patients with a positive stool
PCR were significantly more likely to have ulcer-
ative colitis than Crohn’s disease (OR = 2.031
[Cl 1.209-3.45], P = 0.00496) (Table 4).

Endoscopic findings and stool PCR positivity

Endoscopic findings were reviewed within three
months of both positive and negative Gl patho-
gen PCR tests. Findings were analyzed first by
overall disease severity of IBD, classified as
remission, mild, moderate or severe. Patients
with severe disease endoscopically were more
likely to have a positive PCR stool test, as 32
(68.1%) patients had a positive stool PCR, while
15 (31.9%) had a negative PCR test (OR =
2.13). Among patients with mild disease, 20
(55.6%) had a positive stool PCR test, and 16
(44.4%) had a negative stool PCR (OR = 1.25).
Among patients with moderate disease, 10
(43.5%) had a positive stool PCR, and 13
(56.5%) had a negative stool PCR (OR = 0.77).
Chi-square analysis showed a statistically sig-
nificant association between disease severity
and PCR positivity in evaluated patients with
IBD (P = 0.0298) (Table 5).
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Separate subset analyses evaluating patients
with Crohn’s disease (Table 5) and ulcerative
colitis (Table 5) also showed that patients with
severe disease were more likely to have a posi-
tive stool PCR test, regardless of the subtype of
IBD. Among patients with severe Crohn’s dis-
ease, 15 (65.2%) had positive stool PCRs, while
eight (34.7%) were negative (OR = 1.875). In
patients with mild endoscopic disease, 15
(60.0%) patients had a positive stool PCR,
compared to 10 (40.0%) with a negative stool
PCR (OR = 1.5), and in patients with moderate
disease, five (41.7%) had a positive stool PCR,
and seven (58.3%) patients had a negative
stool PCR (OR = 0.71). Chi-square analysis
showed a statistically significant association
between disease severity and PCR positivity in
evaluated patients with Crohn’s disease (P =
0.0241).

In patients with ulcerative colitis in the subset
analysis, those with severe endoscopic disease
were more likely to have a positive stool PCR:
17 (70.8%) patients had a positive stool PCR,
while seven (29.2%) had a negative stool PCR
(OR = 2.43). Among patients with endoscopic
remission, seven (70.0%) patients had a posi-
tive stool PCR, and three (30.0%) had a nega-
tive stool PCR (OR = 2.33). Patient groups with
mild and moderate disease each had five
(45.4%) positive and six (54.6%) negative stool
PCRs (OR = 0.83). Chi-square analysis showed
that the association between disease severity
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Table 5. Endoscopic findings in all IBD, Crohn’s, and Ulcerative Colitis patients with and without en-
teric infections as identified by stool PCR

Disease Disease Severity Posﬂ:)ngStool Negaltjl\(/:;Stool 0dds Ratio Clg:\?;:zre
All'IBD (N = 148) Remission 16 (38.1%) 26 (62.0%) 0.62 0.0298
Mild 20 (55.6%) 6 (44.4%) 1.25
Moderate 10 (43.5%) 3 (56.5%) 0.77
Severe 32 (68.1%) 15 (31.9%) 2.13
Crohn’s Disease (N = 92) Remission 9 (28.1%) 3(71.9%) 0.39 0.0241
Mild 15 (60.0%) 0 (40.0%) 1.5
Moderate 5 (41.7%) (58 3%) 0.71
Severe 15 (65.2%) 8 (34.7%) 1.875
Ulcerative Colitis (N = 56) Remission 7 (70.0%) 3 (30.0%) 2.33 0.3157
Mild 5 (45.4%) 6 (54.6%) 0.83
Moderate 5 (45.4%) 6 (54.6%) 0.83
Severe 17 (70.8%) 7 (29.2%) 2.43

PCR-polymerase chain reaction.

Table 6. Stool inflammatory marker levels in IBD patients with and without enteric infections identi-

fied on stool PCR

Inflammatory Marker

Negative Stool PCR Positive Stool PCR T-Test P-Value Chi-Square P-Value

Lactoferrin (n = 23) - Mean (£ stdev) 190 (+ 332.52)

468.41 (+ 532.66) 0.068 0.017

Calprotectin (n = 5) - Mean (+ stdev) 1004.56 (+ 720.73) 658.25 (+ 587.07) 0.9455

PCR-polymerase chain reaction.

and positive PCR result was not statistically sig-
nificant in this subset (P = 0.3157) (Table 5).

Inflammatory stool markers and stool PCR
positivity

Stool lactoferrin values were also evaluated in
a subset analysis: 23 patients had a lactoferrin
value. An elevated lactoferrin value of 468.4 (+
532.66) was associated with a positive stool
PCR (P =0.068). A Chi-square p-value did show
a statistically significant association between
lactoferrin and stool PCR positivity; however,
the overall number of patients evaluated in this
sub-analysis was small relative to the other
parts of the study (Table 6).

Disease location and stool PCR positivity

Patients were then categorized using the
Montreal Classification to analyze disease dis-
tribution with respect to stool PCR results
(Table 7). In patients with ulcerative colitis,
those with any distribution of UC, i.e., either E1,
E2 or E3, were more likely to be positive than
negative for an enteric infection. Patients with
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pancolitis (E3) were almost three times more
likely to have enteric infections than not (OR =
2.8), as 63 (39.4%) had a positive stool PCR,
and 23 (8.2%) had a negative PCR. Among
patients with left-sided or distal colitis, 11
(3.9%) had a positive PCR, while nine (3.2%)
had a negative PCR (OR = 1.2). Among patients
with ulcerative proctitis only, five (1.8%) had a
positive PCR, and two (0.7%) had a negative
PCR (OR = 2.5).

In patients with ileocolonic Crohn’s disease
(L3), 54 (19.4%) had a positive stool PCR, and
52 (18.6%) had a negative PCR (OR = 1.0); in
patients with colonic disease only (L2), 12
(4.3%) patients had a positive stool PCR, and
11 (3.9%) had a negative stool PCR (OR = 1.1).
Chi-square p-value was also calculated (P =
0.0000897) and indicated differential distribu-
tion of PCR positivity within disease subtype.
Comparatively, in patients in the CD cohort with
ileal disease only (L1), five (1.8%) patients had
a positive stool PCR, and 16 (5.7%) had a nega-
tive PCR test (OR = 0.31), which indicates that
patients were less likely to have a positive stool
PCR if they had ileal disease alone. In patients
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Table 7. PCR stool positivity by location of disease as based on the Montreal Classification for IBD

Positive Stool PCR

Negative Stool PCR

Montreal Classification (N = 167) (N =117) 0Odds Ratio Chi-Square P-Value
E1 5 (1.8%) 2 (0.7%) 25 0.0000897

E2 11 (3.9%) 9 (3.2%) 1.2

E3 64 (39.4%) 23 (8.2%) 2.8

L1 5 (1.8%) 16 (5.7%) 0.31

L2 12 (4.3%) 11 (3.9%) 11

L2+L4 4 (1.4%) 1 (0.4%) 4

L3 54 (19.4%) 52 (18.6%) 1.0

L3+L4 10 (3.5%) 0 (0.0%) Infinite

PCR-polymerase chain reaction; IBD-inflammatory bowel disease; L1-terminal ileum; L2-colon; L3-ileocolon; L4-upper Gl modi-
fier, proximal disease with distal disease; E1-ulcerative proctitis; E2-left-sided UC, distal colitis; E3-pancolitis.

Receiver operating characteristic

10 1

o o o
Lo [=)] =]

Tue Positive Rate

o
L]

- Balanced Random Forest(area = 0.78)

0.0

0.2

04

False Positive Rate

0.6

T

0.8

10

E3 and L2 Montreal classifi-
cation, and endoscopy remis-
sion. Fecal lactoferrin was not
used in the analysis due to
only 32 of the 151 patients
having this data. After input to
a balanced random forest
classifier with 10-fold cross-
validation, the model report-
ed a mean f1 score of 0.727,
mean recall of 0.740, and
mean precision of 0.737. An
ROC curve demonstrated a
mean area under the curve
(AUC) of 0.78 (Figure 1). Gini
importances were 0.75 for
age, 0.06 for endoscopic

Figure 1. Receiver operating characteristic (ROC) curve for balanced random
forest model with target variable of Gl panel positivity. Included variables
were age, male sex, ulcerative colitis subtype, E3 Montreal classification, L2

Montreal classification and Endoscopy remission.

with colonic and upper Gl involvement (L2+L4),
four (n = 1.4%) had a positive stool PCR, while
only one (0.4%) had a negative PCR test (OR =
4); in patients with ileocolonic disease and
upper Gl involvement (L3+L4), 10 (3.5%)
patients had a positive stool PCR, and no
patients had a negative PCR test (OR =
infinite).

Multivariate analysis

The number of patients with an endoscopy
completed within three months was 151. After
removing collinear variables, we included the
following variables in model training and evalu-
ation: age, male sex, ulcerative colitis subtype,
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remission, 0.05 for male sex,
0.05 for E3 Montreal classifi-
cation, 0.05 for L2 Montreal
classification, and 0.04 for
ulcerative colitis subtype.

Discussion

In this retrospective cohort study, we analyzed
the characteristics of IBD patients with enteric
infections and associations with disease activ-
ity; in addition, we conducted a multivariate
analysis using machine learning techniques to
identify variables that predict Gl pathogen
panel positivity, which is still an evolving field of
research interest.

The factors that were significantly associated
with having a positive stool PCR test included:
having a diagnosis of ulcerative colitis, colonic
Crohn’s involvement, increased endoscopic
disease severity and age of 20-50 years. We
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found enteric infections in more than half of the
patients who had a stool PCR collected. The
two most commonly identified enteric infec-
tions were C. difficile and E. coli subtypes.

Based on our analyses, patients with ulcerative
colitis were more likely to have a positive stool
PCR than those with Crohn’s disease. Given the
location of inflammation in UC, we suspect that
these patients had more breakdown in the
colonic mucosal barrier and therefore, higher
incidence of enteric infections [10]. Our analy-
sis of disease location using the Montreal
Classification showed that any distribution of
ulcerative colitis was still more likely to have a
positive than negative stool PCR for enteric
infections, although patients with pancolitis
(E3) were almost three times more likely to
have a positive stool PCR, lending credence to
our hypothesis that more surface area of poten-
tial mucosal breakdown lends a higher risk of
enteric infection. Of note, there were fewer
patients in the proctitis (E1) and L-sided colitis
(E2) than in the pancolitis (E3) cohort, which
may have affected this result. In addition,
patients with Crohn’s disease exhibited a high-
er likelihood of contracting enteric infections if
they had any colonic involvement of their dis-
ease, i.e., either ileocolonic or colonic disease.
Indeed, the overall data in the Crohn’s disease
subset of patients also supports the hypothesis
that enteric infections correlate with disruption
of the mucosal epithelium located in the colon-
ic areas.

Activity of disease as determined by endoscopy
within three months of the collected stool PCR
was also important; severe disease portended
a higher likelihood of enteric infections, regard-
less of the subtype of IBD, and remission was
associated with lower likelihood of enteric
infections. A three-month endoscopy window
was chosen based on the traditional practice of
avoiding colonoscopy at the time of an active
enteric infection. Data for a smaller window
such as less than four weeks would be limited;
most IBD patients with infections identified
on stool PCR testing are first treated for the
infection prior to undergoing endoscopic evalu-
ation. Sub-analyses of both Crohn’s disease
and ulcerative colitis confirmed an association
between high disease severity, noted on colo-
noscopy, and the presence of enteric infection.
Immune dysregulation manifested by severe
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inflammatory bowel disease activity may por-
tend a higher risk of infection, and this high-
lights the importance of achieving mucosal
remission.

Additionally, we analyzed stool markers of
inflammation in our cohort of IBD patients with
enteric infections, specifically lactoferrin. Fecal
lactoferrin, a major component of granules
released upon neutrophil activation and de-
granulation, is resistant to degradation and is
useful in evaluating inflammation in the GI
tract. Fecal lactoferrin has been shown to cor-
relate with levels of disease activity in IBD
patients [22-25]. In our study, a positive stool
PCR was significantly associated with elevated
lactoferrin, which suggests ongoing cell dam-
age and active inflammation in these patients.

Lastly, our multivariate analysis demonstrated
the potential use of machine learning tech-
niques to predict Gl panel positivity. By consid-
ering the complex multidimensional interac-
tions between inputs, our balanced random
forest classifier demonstrated an AUC of 0.78.
This was even without the inclusion of relevant
inflammatory biomarkers such as fecal calpro-
tectin or fecal lactoferrin. Our model demon-
strated the significance of age in predicting Gl
panel positivity in IBD patients, evidenced by a
Gini importance of 0.75, markedly higher than
the next significant variable, endoscopic remis-
sion, with a Gini importance of 0.06.

There were several limitations to this study.
First, its retrospective design introduces con-
founding bias compared to a prospective
design. The study was conducted at a single
academic IBD referral center, so our findings
may not be applicable to smaller hospitals and
community settings. The limited sample size in
certain sub-analyses may have influenced
some of the results. For instance, the small
number of patients in the UC sub-analysis of
endoscopic disease activity and PCR stool posi-
tivity could explain why more patients in remis-
sion had a positive PCR. A larger number of
patients in future studies will also allow for
more robust multivariate analyses utilizing the
above machine learning techniques.

In our study, almost 60% of patients had a posi-
tive stool PCR. Our Gl pathogen positivity rate is
higher than previously reported in IBD patients
in the literature [4, 13, 15, 16]. This could be
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related to our standard of early assessment
of patients when presenting with any flare
symptoms including acute diarrhea, increased
urgency or frequency of bowel movements and
having easy accessibility for testing with kits. In
fact, send-out kits are readily available at our
institution and are sent to patients’ homes to
improve overall compliance with treatment rec-
ommendations. The most common infections
identified in our patient population were C. dif-
ficile and Enteropathogenic E. coli, which is
consistent with prior studies as well [4, 14, 15].
Our institution has a policy of not accepting
formed stools and excluding patients who have
taken laxatives in the week prior from C. diffi-
cile PCR, antigen testing, or toxin assays. These
practices could potentially reduce the identifi-
cation of patients colonized with C. difficile. As
a result of PCR positivity, adjustments were
made to change therapy based on endoscopic
findings; for example, if significant active dis-
ease was found, the patient generally had
escalation of medical therapy, and if inactive
disease was encountered, less aggressive
management related to their IBD therapies was
pursued. Further subset analyses of specific
changes in medical therapy are of interest.

Our restricted sample size most likely compli-
cated calibration of our predictive model. These
limitations were mitigated with the use of tree-
based models with a rigorous nested cross-
validation framework that minimized the vari-
ance of our outcomes. Future analyses with
larger sample size and other variables such as
inflammatory markers, or IBD clinical scores
could further build on the proof of concept pro-
vided in this paper.

Conclusion

Overall, our study highlights the importance of
achieving endoscopic remission, as this could
reduce the likelihood of enteric infections. In
addition, we present a novel use of machine
learning techniques to conduct a multivariate
analysis that identifies factors that predict stool
PCR positivity. Further studies are needed to
evaluate the importance of histologic remis-
sion, the impact of infections on the long-term
course of IBD, further roles of stool testing with
both molecular pathogen panels and markers,
changes made to the IBD treatment and its
impact on the incidence of enteric infections in
this cohort and the relationship between spe-
cific disease distributions and outcomes.
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