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Background: Inflammatory bowel disease (IBD) consists of a spectrum of disorders including ulcerative colitis and Crohn's disease, with a rising
incidence worldwide. However, despite this prevalence the etiology of IBD remains uncertain. It has been suggested that an episode of gastro-
enteritis may precipitate IBD.

Methods: Studies were identified using a literature search of Pubmed/Medline and Embase/Ovid. This review was performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. The primary outcome was incidence of new-onset
IBD after gastroenteritis. Secondary outcomes included incidence of IBD after bacterial, viral, and parasitic gastrointestinal infections.

Results: Eleven studies (n = 923 608 patients) were included. Four studies assessed patients with gastroenteritis, subsequently developing IBD
as the primary outcome. Patients with gastroenteritis had a higher incidence of subsequent IBD but this did not reach statistical significance
(odds ratio [OR] 3.81, 95% Cl 0.52-27.85, P = .19). Seven studies examined the incidence of antecedent gastroenteritis (primary outcome) in
patients with a confirmed diagnosis of IBD, compared to the controlled population. There was no difference between incidence of antecedent
gastroenteritis across the 2 population groups (OR 1.07 95% CI 0.55-2.08, P = .85). There was no association between IBD and bacterial, viral,
or parasitic infections.

Conclusions: In summary, our meta-analysis has shown that there is considerable heterogeneity in the literature regarding the role of gastro-
enteritis in the development of IBD. Further higher quality studies need to be performed to ascertain the true nature of this.

Lay Summary
The incidence of inflammatory bowel disease (IBD) is rising, however the cause remains unknown. It is suggested that gastroenteritis may lead
to IBD. Our study does not demonstrate a definite association between gastroenteritis and IBD, but higher quality studies are needed.
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Introduction bacteria may predispose patients to IBD.!*'3 It has even been
suggested that common gastroenteritis may be a causative
factor in the initiation of IBD.'*S Additionally, gastrointes-
tinal infections are associated with exacerbations of colitis in
patients with established IBD.'%!”

We aim in this systematic review and meta-analysis to
provide an updated assessment of the association between
gastroenteritis and the development of IBD, as well as any

associations with specific enteric pathogens.

Inflammatory bowel disease (IBD) encompasses a spectrum
of disorders including ulcerative colitis (UC), Crohn’s disease
(CD), and unclassified.! It is characterized by chronic relaps-
ing gastrointestinal inflammation, and is associated with an
increasing incidence worldwide.”> In the western world, the
prevalence of IBD is 120-200/100 000 persons for UC, and
50-200/100 000 persons for CD.* However, despite this
prevalence, the etiology and pathogenesis of IBD remain un-
certain.*?

It is believed that IBD develops from an excessive immune
response in genetically at-risk individuals.® There is also a
likely environmental trigger which affects the gut microbiota,

Materials and Methods
Literature Review

although no definite trigger has been identified.*” Proposed
risk factors for IBD include alterations in gut microbiota as-
sociated with antibiotic use, smoking, dietary fiber, saturated
fats, impaired sleep, oral contraceptive pill use, and hormone
replacement therapy.®’ It has been suggested that certain gut

This systematic review was registered with PROSPERO
(International Prospective Register of Systematic Reviews).
The PRISMA guidelines (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) were used to assist in
writing this review.'® The need for obtaining institutional re-
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view board approval or patient informed consent was waived
for this study because it is a review of publicly available data.

Search Strategy and Selection Criteria

The investigators designed and constructed the search strat-
egy using relevant databases from commencement to April
17, 2019. Relevant studies were identified using a litera-
ture search of the following databases: Pubmed/Medline
and Embase/Ovid. Published systematic reviews and meta-
analyses (including their reference lists) were also searched
from January 1, 1966 until April 17,2019 to identify further
studies. Two reviewers (A.D. and T.L.) individually assessed,
included, and excluded studies to for this review. Search terms
were filtered by “human” and “English,” and tailored to each
database using the following Medical Subject Headings
(MeSH; in bold) and key terms:

1. Inflammatory bowel disease OR Crohn’s disease OR ul-
cerative colitis

2. Gastroenteritis OR gastrointestinal infections OR bac-
teria OR virus OR parasitic infection

3. Etiology

4. #1 AND #2

5. #1 AND #2 AND #3

Prospective and retrospective studies were included in our re-
view if they met the following criteria: (1) included IBD pa-
tients with a diagnosis of gastroenteritis, (2) studies published
in English, (3) involved adults (>18 years old), (4) involved
humans, and (5) the full text of the article was available. If
relevant information was not reported or if there were any
queries, then the relevant study investigators were contacted
to provide clarification.

Studies were excluded if they were (1) case studies or series
(less than 10 patients), (2) animal studies, (3) presented data
in a form unable to be analyzed, and (4) if the gastroenteritis
episode did not precede IBD development.

Outcomes of Interest

The primary outcome was incidence of IBD (UC, CD, or
unclassified) after 1 or more episodes of gastroenteritis.
Secondary outcomes included incidence of IBD after bac-
terial gastroenteritis, viral gastroenteritis, and parasitic
gastrointestinal infections; the time period between the
gastroenteritis episode and IBD diagnosis was also evalu-
ated.

“@Gastroenteritis” Definition

For the purpose of this review, we have accepted gastroenter-
itis to include positive stool cultures (bacterial, viral, and
parasitic pathogens), self-reported “gastroenteritis,” and from
medical coding.

Data Extraction and Quality Assessment
All articles retrieved from this search strategy were tran-
scribed into a standardized form.

Relevant articles were initially selected on the basis of the
title and abstract, after which the full text was read to confirm
relevance. Data were extracted independently by 1 reviewer
(A.D.), and checked independently by the second reviewer
(Y.L.). Discrepancies were resolved by consensus between the
2 reviewers. If multiple publications of the same study were
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identified, then the most recent publication of data was in-
cluded.

The quality of each study was then assessed by the 2 re-
viewers (A.D. and Y.L.) independently, using the modified
Newcastle Ottawa Scale (NOS)" for assessing the quality of
nonrandomized studies in meta-analyses. For case—control
studies, selection, comparability, and exposure were assessed.
For cohort studies, selection, comparability, and outcome
were assessed.

Data Synthesis and Statistical Analysis

The summary statistics were derived from Review Manager
version 5.3.2° For dichotomous data, Mantel-Haenszel
method was used with a fixed effects model (if I? less than 20),
or a random effects model (if I? greater than 20). Outcomes
were recorded as odds ratios (ORs) with a 95% CI. P < .05
was the value set as statistically significant. Heterogeneity of
studies was measured using I*.

Ethical Considerations

The authors have no personal or financial conflicts of interest
to disclose.

Results

An initial search of the 2 databases revealed 1497 relevant
articles. After review of abstracts and full texts, 11 studies
(n = 923 608 patients) were identified that met our eligibility
criteria.?'=! The search and selection process for the studies is
depicted in a PRISMA flow diagram (Figure 1).

Study Characteristics

The study characteristics are summarized in Table 1. Of the 11
studies included, 10 were case—control studies (with 2 being
twin studies) and 1 was a cohort study. All studies included
both CD and UC patients, with 2 studies also including IBD-
unclassified patients. A variety of gastroenteritis subtypes
were assessed; bacterial and unspecified gastrointestinal in-
fections were the 2 most common (6 studies each).

Risk of Bias

The NOS was used to assess the quality of the studies and is
summarized in Table 2. There was variability in the quality of
studies (score range 5-9). However, 5 of the studies did have
low risk of bias, scoring 9/9 on the NOS.

Study Results
All gastroenteritis and IBD

Four studies assessed patients with gastroenteritis, subse-
quently developing IBD as the primary outcome.??2325:%7
Patients with gastroenteritis had a higher incidence of IBD
but this did not reach statistical significance (OR 3.81, 95%
CI0.52-27.85, P = .19, see Figure 2). There was also consider-
able heterogeneity across studies (I = 100%, see Discussion).

In addition, 7 studies examined the incidence of ante-
cedent gastroenteritis (primary outcome) in patients with a
confirmed diagnosis of IBD, compared to controlled popu-
lation.?!2426:28-31 There was no difference between incidence
of antecedent gastroenteritis across the 2 population groups
(OR 1.07,95% CI 0.55-2.08, P = .85) (Figure 3), again with
considerable heterogeneity (I = 98%). When excluding pa-
tients with parasitic infections,?®3%3! there was a trend toward
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Figure 1. PRISMA diagram demonstrating search strategy for studies.
Table 1. Study characteristics
Study, year Country No. participants Study type Gastroenteritis type IBD subtype
Halfvarson, 2006*! Sweden/Denmark 634 Case—control (twin study) Unspecified CD/UC
Helms, 2006%* Denmark 52121 Case—control Bacterial CD/UC
Garcia Rodriguez, 2006 United Kingdom 93013 Case—control Bacterial/unspecified CD/UC/unclassified
Porter, 2008 United States 14 665 Case—control Bacterial/viral/protozoa/unspecified CD/UC
Gradel, 2009 Denmark 39972 Case—control Bacteria CDh/UC
Lépez-Serrano, 2010 Spain 783 Case—control Unspecified CDh/UC
Jess, 2011%7 Denmark 239272 Cohort Bacteria CD/UC
Castiglione, 20122 Ttaly 1557 Case—control Parasitic CD/UC
Ng, 2012% United Kingdom 500 Case—control (twin study) Unspecified CD/UC
Chu, 2013%° South Africa 370 Case—control Parasitic CD/UC
Axelrad, 20193 Sweden 480 721 Case—control Bacterial/viral/parasitic/unspecified CD/UC/unclassified

Abbreviations: CD, Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.

increased likelihood of a previous gastroenteritis episode in
patients with confirmed IBD, but this did not reach statistical
significance (OR 3.60, 95% CI 0.20-65.60, P = .39).
Two of the studies were case-controlled “twin studies.
When limiting analysis to these 2 studies alone, there was
a significantly increased history of antecedent gastroenter-
itis in patients with IBD (OR 5.91, 95% CI 3.43-10.20,

»21,29

P < .00001); both studies performed logistic regression ana-
lysis to control for confounders.

Bacterial gastroenteritis and IBD

Six studies included patients with bacterial gastroenter-
itis, from which we were able to include 3 studies in a
subanalysis.?>??7 Patients with a history of bacterial gastro-
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Table 2. Risk of bias
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Study, year Selection (out of 4 stars)

Comparability (out of 2 stars)

Outcome/exposure (out of 3 stars) Total

Halfvarson, 2006%! kR -
Helms, 200622 R .
Garcia Rodriguez, 20062
Porter, 2008% s
Gradel, 2009% d
Loépez-Serrano, 2010%
Jess, 20117 wa P
Castiglione, 20122 *
Ng, 2012%

Chu, 20133 w _
Axelrad, 20193 ok -

‘
o Li L Li NI ® o Vv WV WV ®©

Gastroenteritis
Events (IBD) Total
Garcia Rodriguez LA [23] 108 43013 50
Jess T [27] 648
Helms M [22] 338
Gradel KO [25] 107

Total {95% Cl)

Study

52121 102
13148 73

144685

Total events 1201 3059

Control
Events (IBD) Total

36403 2834

OR (M-H, Random,
95%Cl)

2.51[1.80, 3.52]
0.76 [0.70, 0.83]
37.60 [30.13, 46.93]
2.94[2.18, 3.96]

3.81[0.52, 27.85)

Weight

50000
121898
587720
26216

785834

24.9%
25.1%
25.0%
25.0%

100.0%

Heterogeneity: Tau? = 4.10; Chi? = 1075.51, df = 3 (P < 0.00001); I* = 100%

Test for overall effect: Z=1.32 (P = 0.19)

0Odds Ratio
M-H, Random, 95% CI
—_—

—_—

e e —

0.01 0.1 10
Favours [Control] Favours [Gastroenteritis]

100

Figure 2. Incidence of IBD after gastroenteritis. Abbreviations: IBD, inflammatory bowel disease; OR, odds ratio.

enteritis had a higher incidence of IBD, although this did not
reach statistical significance (OR 4.38, 95% CI 0.34, 56.81,
P =.26). One study®! included data on IBD patients who had
a history of bacterial gastroenteritis compared to a control
group, and found that IBD patients were more likely to have
experienced this (adjusted OR 2.02, 95% CI 1.82,2.24).

Viral gastroenteritis and IBD

Two studies did include patients with viral gastroenteritis,*3!
however only one of these detailed specifically the viral
cases.’! In this study, viral gastroenteritis predicted a higher
risk of IBD compared to control patients (adjusted OR 1.55,
95% CI 1.34-1.79).

Parasitic gastrointestinal infections and IBD

Only 3 studies detailed the risk of parasitic gastrointestinal
infections and IBD development.?®3%3! There was consider-

able heterogeneity across the studies (I> = 96%). One study
showed no association between IBD and parasitic infection,?
1 showed an increased associated between IBD and parasitic
infection,® and the third study showed a decreased risk of
IBD associated with prior parasitic infection.’® Overall from
our review, there was a trend toward a decreased risk of IBD
associated with parasitic infection, but this did not reach stat-
istical significance (OR 0.66, 95% CI1 0.20, 2.15, P = .49).

Gastroenteritis and IBD subtype

There was no difference between patients with or without
gastroenteritis and subsequent UC diagnosis (OR 1.76, 95%
CI0.67,4.61, P = .25). Similarly, there was no difference be-
tween UC patients who reported a previous history of gastro-
enteritis and those who did not (OR 0.91,95% CI10.50,1.67,
P =.77). Similarly, there was no association between patients
with gastroenteritis and the future development of CD (OR
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Study 18D . Control . Weighting OR (M-H, Random, 95%(l)
Events (Gastroenteritis) Total Events (Gastroenteritis) Total
Axelrad JE [31] 527 44214 2429 436507 15.6% 2.16 [1.96, 2.37]
Castiglione F [28] 109 995 63 562 15.0% 0.97 [0.70, 1.35])
Chu KM [30] 93 151 200 219 14.0% 0.15[0.09, 0.27]
Halfvarson J [21] 21 227 5 227 11.6% 4.53[1.68, 12.22]
Lopez-Serrano P [26) 30 270 235 513  14.7%  0.15[0.10,0.22]
Ng SC [29] 61 221 12 221 13.6% 6.64 [3.46, 12.75]
Porter CK [24] 225 3019 603 11646 15.5% 1.47 [1.26, 1.73]
Total {95% Cl) 49097 449895 100.0%  1.07 [0.55, 2.08]
Total events 1066 3547

Heterogeneity: Tau? = 0.74; Chi? = 264.70, df = 6 (P < 0.00001); 1> = 98%

Test for overall effect: Z=0.19 (P = 0.85)

0Odds Ratio
M-H, Random, 95% C|
-
- .
.
-
-
0.01 0.1 10 100

Favours [control] Favours [IBD]

Figure 3. History of gastroenteritis in IBD patients versus controls. Abbreviations: IBD, inflammatory bowel disease; OR, odds ratio.

1.82,95% CI 0.54, 6.16, P = .34); also patients with CD had
no increased association with antecedent gastroenteritis com-
pared to controls (OR 1.03,95% CI 0.56, 1.90, P = .91).

Specific pathogens and IBD

Several studies also examined risk of IBD with certain bacter-
ial pathogens.?>?32527:31 Commonly studied microorganisms
included Salmonella, Campylobacter, Yersinia, Escherichia
coli, and Shigella. However, the literature was mixed regard-
ing this. Four of the studies found an increased risk of IBD
with Salmonella and Campylobacter infection??232%31; how-
ever, Jess et al?” found that there was no association. Both
Helms et al??> and Axelrad et al’' found that there was in-
creased incidence of IBD with Shigella, E. coli, and Yersinia
infection, with the latter study also finding an association
with Clostridium difficile infection.

Time period between gastrointestinal infection and IBD
diagnosis
Seven studies commented and/or assessed the time period
between gastrointestinal infection and a diagnosis of IBD.?*
252731 Helms et al*? only included patients with diagnosis of
IBD within 1 year post episode of gastroenteritis; conversely,
Porter et al** excluded patients with an episode of gastro-
enteritis within a 6-month time period before the first IBD
diagnosis (to ensure an initial medical encounter was not a
first presentation of undiagnosed IBD).

Garcia Rodriguez et al*® found that the majority of patients
(41%) had an interval 2-12 months between their gastro-

enteritis episode and IBD diagnosis; 34% had an interval of
>24 months, and only 4% had an interval of 1 month. Gradel
et al?® similarly found a steep increase in IBD incidence during
the first year after Salmonellal Campylobacter exposure (and
even after 15 years, with 1.2% incidence of IBD for those
exposed to gastroenteritis compared to 0.5% to those unex-
posed). Axelrad et al’! also found that the time period be-
tween gastroenteritis and IBD remained a significant pre-
dictor for more than 10 years following an infectious episode
(aOR 1.26; 1.19-1.33). Likewise, Jess et al?” found a steep
increase in IBD diagnosis after Salmonella/ Campylobacter in-
fection during the first year postexposure, but this continued
to be significantly increased in the 1-10 years after (although
not after 10 years). Although the same study also found a
steep increase in IBD diagnosis within 1 year after a negative
stool test.

Discussion

Our study has found that there is considerable heterogeneity
in the literature regarding the role of gastroenteritis as a risk
factor for IBD. Patients who had gastroenteritis had a higher
incidence of subsequent IBD, but this did not reach statistical
significance. There was also no significant difference found
between IBD patients and a controlled population, in terms
of incidence of antecedent gastroenteritis. Additionally, in our
subanalysis, there was no association between IBD and bac-
terial, viral, or parasitic infections. These findings may be ex-
plained by the heterogeneity across studies, including country
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of origin as well as study methodology. Studies varied in their
definition of gastroenteritis—several studies included stool
cultures,?>?” self-reporting,?2¢?%-3% and medical coding sys-
tems.>32%3% Also there was variability in the types of gastro-
intestinal infections included in studies, with several studies
being “unspecified.”?!:26:%

There has been suggestion in the literature that certain
microbial pathogens may be associated with IBD pathogen-
esis, including Mycobacterial avium paratuberculosis,’**
Helicobacter, C. difficile,’ E. coli,”” Bacteroides,*® and
Campylobacter.>® Several viruses have also been postulated to
be associated with IBD, including measles,** EBV, and CMV.%
There has also been interest in the “hygiene hypothesis” as a
contributor to the increasing incidence of IBD, with helminths
possibly being an important immunoregulatory contributor
to the gastrointestinal tract.*! Areas with higher helminthic
intestinal infestation such as sub-Saharan Africa, have been
associated with lower prevalence of IBD.*** Indeed, there
have been studies investigating the role of helminths as an
alternative therapy for IBD.** However, the 3 studies in our
review that included parasitic infections had conflicting re-
sults regarding association with IBD.?%3%3! Chu et al*® was the
only study that found a protective factor associated with hel-
minthic infections, in a South African population. However
this study, as well as Castiglione et al?® relied on patient ques-
tionnaires to assess their primary outcome.

There is a relationship between commensal microorgan-
isms in the gut microbiome and the mucosal immune system
(MIS).** Commensal microbes maintain a regulatory ef-
fect over the MIS and support the integrity of the intestinal
epithelial cell (IEC) layer, resulting in mucosal homeostasis.
Dysbiosis, as seen in gastroenteritis, diminishes the controlling
influence of the commensal microbes, resulting in activation
of the MIS with an inflammatory reaction and weakening of
the IEC layer to invading pathogens. A healthy MIS is able to
end the inflammatory response and restore IEC integrity, once
the infection is controlled. It may be that individuals with a
genetically defective MIS are unable to turn off the acute in-
flammatory response and proceed to a chronic IBD.

Although this systematic review found that patients who
had gastroenteritis had a higher incidence of subsequent IBD,
this was not statistically significant, possibly due to the high
level of heterogeneity. However, is interesting to note that in
the 2 case-controlled “twin studies,”?!?* of low heterogeneity
compared to other studies, had significantly increased history
of antecedent gastroenteritis in patients with IBD when exam-
ined alone. No specific pathogen was identified.

Limitations of this study include the limited number of
quality studies in the literature (see Table 2—NOS), as well
as the considerable heterogeneity and variability of method-
ology data as already discussed. The heterogeneity was simi-
larly noted in another systematic review published recently.*®
However, our review differs in that we have specifically fo-
cused on IBD and the relationship with clinical “gastroenter-
itis,” as opposed to silent microbial pathogens. Additionally,
patients may have been misdiagnosed with “gastroenteritis”
when they actually had new-onset IBD, leading to confound-
ing results. The reliance on patient questionnaires in several
studies and the recall bias associated with this is another
limitation®!262%-3% infectious diarrhea has variability in clin-
ical symptomatology that may also confound study inter-
pretation. Furthermore, only few studies identified specific
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infectious pathogens in association with subsequent IBD
development (as opposed to a diagnosis of “gastroenteritis”
alone), with limited data precluding further detailed analysis.
There was also variability in the assessment of the time inter-
val between gastrointestinal infection and IBD diagnosis (with
some studies not assessing this at all). There needs to be fur-
ther research assessing the time relationship between initial
gastrointestinal infection episode and subsequent IBD diag-
nosis. Studies also varied in the way they measured “gastro-
enteritis”; “recurrent gastrointestinal infections” as well as
“hospitalizations”?!' or simply “more gastroenteritis.”?’

Additionally, antibiotic use is a well-known confound-
ing factor in the relationship between gastroenteritis and
risk of IBD—however this was only considered in 6 studi
es.21:23:26:28.2931 Three studies found no association between
IBD and antibiotic use.??32% Two studies*>*!' found increased
risk of IBD with gastroenteritis treated with antibiotics
(which may be associated with increased severity of gastro-
enteritis episode); and the final study found decreased risk.2®

This review could also be affected by potential publica-
tion bias against negative studies. Other large case—control
studies, not showing any correlation between gastroenteritis
and IBD, may not have been accepted or even submitted for
publication. This could lead to an overestimation of the role
of gastroenteritis in the onset of IBD. At present, ‘funnel plots’
are used to estimate the extent of publication bias. However,
it has been suggested that these funnel plots are inappropriate
when the studies are heterogeneous, estimating different ef-
fects, like the studies used in our meta-analysis.*’

The issue of detection bias was raised in 1 study. Jess et al*’
was the only study to include incidence of IBD in patients
positive stool cultures compared to those with negative
stool cultures. They found that their incidence rate ratios
(IRRs) for IBD were significantly higher after Salmonella
or Campylobacter positive stool tests in the first year (IRRs
5.4-9.8) and thereafter. Interestingly however, IRRs for IBD
<1 year after a negative stool test were several-fold higher
in the first year (IRRs 53.2-57.5). They concluded that the
similarities in the temporal risk profile for IBD following
positive or negative stools tests may result from detection
bias.

Conclusions

In summary, our systematic review has shown that there is
considerable variability in the literature regarding the role of
gastroenteritis in the development of IBD. Patients who had
gastroenteritis had a higher incidence of subsequent IBD, but
this did not reach statistical significance. There was also no
significant difference found between IBD patients and a con-
trolled population, in terms of incidence of antecedent gastro-
enteritis. Further higher quality studies need to be performed
to ascertain the true association between IBD and an infec-
tious etiology.
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Data Availability

No new data were created, as this is a systematic review.
However, specific details regarding the analysis of this
preexisting data are available from the authors upon request.
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