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ABSTRACT

Background & Aims: Foodborne illness affects 15% of the United Statepulation each year
and is a risk factor for irritable bowel syndroni®g). We evaluated risk of, risk factors for, and
outcomes of IBS after infectious enteritis

Methods: We performed a systematic review of electroni@dases from 1994 through August
31, 2015 to identify cohort studies of the prevakenf IBS 3 months or more after infectious
enteritis. We used random effects meta-analysislmlate the summary point prevalence of
IBS after infectious enteritis, as well as relatiigk (compared to individuals without infectious
enteritis) and host- and enteritis-related riskdes:

Results: We identified 45 studies, comprising 21,421 indiaals with enteritis, followed for 3
months—10 years for development of IBS. The pophkedalence of IBS at 12 months after
infectious enteritis was 10.1% (95% ClI, 7.2-141id at more than 12 months after infectious
enteritis was 14.5% (95% Cl, 7.7-25.5). Risk of lB&s 4.2-fold higher in patients who had
infectious enteritis in the past 12 months thamdividuals in those who had not (95% ClI, 3.1-
5.7); risk of IBS was 2.3-fold higher in individsalvho had infectious enteritis longer than 12
months ago than in individuals who had not (95%1C3;-3.0). Of patients with enteritis caused
by protozoa or parasites, 41.9% developed IBSatépts with enteritis caused bacterial
infection, 13.8% developed IBS. Risk of IBS wassigantly increased in women (odds ratio
[OR], 2.2; 95% CI, 1.6-3.1) and with antibiotic @spire (OR, 1.7; 95% CI, 1.2-2.4), anxiety
(OR, 2; 95% Cl, 1.3-2.9), depression (OR, 1.5; 959%.2—-1.9), somatization (OR, 4.1; 95%
Cl, 2.7-6.0), neuroticism (OR, 3.3; 95% CI, 1.6}6amd clinical indicators of enteritis severity.
There was a considerable level of heterogeneityngnstudies.

Conclusion: In a systematic review and meta-analysis, wedauore than 10% of patients with
infectious enteritis to later develop IBS; riskiIBS was 4-fold higher than in individuals who
did not have infectious enteritis, although thessweterogeneity among studies analyzed.
Women—particularly those with severe enteritis—atrancreased risk for developing IBS, as
are individuals with psychological distress andrsigé antibiotics during the enteritis.

KEY WORDS: Post-infectious irritable bowel syndrome; gasttestinal infections; functional
gastrointestinal disorders; microbes
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INTRODUCTION

Irritable bowel syndrome (IBS) affects 7-18% o fhopulation worldwidé.Infectious
enteritis (IE) is a commonly identified risk factor development of IB% this subset is referred
to as post-infectious IBS (PI-IBS). Since one @ ¢hmiginal descriptions by Chaudhary and
Truelove in 196G, our understanding of PI-IBS was limited until tage 1990s, when the
prevalence and risk factors for PI-IBS were ingzsted® ° Bacterial(Campylobacter jejuni,
Salmonella enterica, Shigella sonnei, Escherichia coli 0157:H7)° viral (Norovirusy™°and

protozoal Giardia lamblia)!*™*®

enteritis have all been associated with the dgvent of PI-
IBS. A wide range from 4-36% is reported to devadfgdBS and long-term follow up studies
have shown that the IBS symptoms can persistI0ryears following the IE episod&.>The
PI-IBS risk associated with IE has been shown tmbependent of other potential risk factbts.
" Foodborne IE affects 1 in 6 individuals in the (48 million people) annually placing a
significant population at-risk for development dfIBS.*® Additionally, travelers’ diarrhea can
also add significantly to the burden of PI-I1BS.

The reported PI-IBS prevalence depends upon ttigean(s) involved, geographic
location, clinically suspected or laboratory prowsneritis, time of assessment following the IE,
and the criteria used to define IBShe IE outbreak in Walkerton, Ontario affected 620
residents and resulted in 36% of that populatioreliging PI-IBS at 2 years post-infectith*
Younger age, female gender, bloody stools, abddraraanps, weight loss, and prolonged
diarrhea during IE were independent risk factorsPielBS 2% 2 However, other studies have
reported a much lower prevalence of PI-IBS and mteonfirmed the same risk factors to be

associated with the development of PI-B®revious meta-analyses (most recent published in

2007) concluded that IE increases the risk of FB:IBowever, it included few studies, with
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limited assessment of time-dependent point precalamd relative risk of PI-IBS (compared to
non-exposed controls), and could not comprehensstally host- and enteritis-related risk
factors associated with PI-IBS developm®Additionally, pathogen-specific risk and natural
history of PI-IBS were not reported. With increasedognition of PI-IBS, there have been
several epidemiological studies since the previoata-analysis.

Hence, we conducted a systematic review and nmetlysas of studies evaluating the
association between IE and PI-IBS, evaluatingithe-tand pathogen-specific point prevalence,
relative risk, host- (sex, psychological distress] smoking) and enteritis- (abdominal pain,
antibiotic use, bloody stool, diarrhea durationdays, fever and weight loss) related risk factors

and outcomes of PI-IBS.

METHODS
This systematic review was conducted and repatedrding to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses §/M#) guidelines. The process followad

priori established protocol (PROSPERO # CRD42016035317).

Slection Criteria

We included cohort studies with documented IEprepg the prevalence of PI-IBS on at
least one-time point3 months following the IE. The IE episode was ailboratory proven or
clinically suspected with presence of at least theffollowing 3 symptoms: pain, fever and
diarrhea or self-reported by the patient as “aoutget” of symptoms convincing of IE. The
diagnosis of IBS was based on established cri(Raane |, 1l or Ill) or ICD codes. We excluded

(a) case-control studies (those examining IBS casdsontrols and determining past IE
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exposure), (b) cross-sectional studies, case samgsase reports, and (c) studies with

insufficient data to estimate prevalence.

Data Sources and Search Strategy

We identified studies from a well-conducted pnegta-analysis on the prevalence of PI-
IBS published in 2007(AMSTAR ratind”, 10/11), that used criteria similar to the currsmidy.
In addition, we searched multiple electronic dasaiseor cohort studies of PI-IBS, from 2006-
August 31, 2015, with the help of a medical libeariThe databases included Ovid Medline,
EMBASE, Web of Science, and Cochrane Database siEBwtic Reviews (detailed search
strategy available iAppendix Protocal). Briefly, search items used included “Post-infectious
irritable bowel syndrome”; “PI-IBS”; “Irritable boal syndrome” OR “IBS” OR “Functional Gl
disorder” AND “Gastroenteritis” OR “Viral Gastroattis” OR “Giardia Gastroenteritis” OR
“Giardiasis” OR “Norovirus” OR Campylobacter jgjuni” OR “Salmonella” OR “Salmonellosis”
OR “Shigella” OR “Shigellosis”. Two investigators (FK and AW)dependently reviewed the
title and abstracts of all studies to exclude ssidihat did not address the research question of
interest, based on pre-specified criteria. Subsatyyehey independently reviewed the full texts
of the remaining articles to determine whether timey inclusion criteria and contained relevant
information. Conflicts in study selection at thiage were resolved by consensus, referring back
to the original article in consultation with theng® investigator (MG). Reference lists from
included original articles and recent reviews ofAB8 were hand searched to identify any
additional studies. Proceedings of major gastraeligy conferences from 2012-15 were
reviewed for relevant abstracts. In case of misdetg, corresponding authors of included

studies were contacted electronically on two ocsaswith request for missing data.
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Data Extraction and Quality Assessment

Data extraction was performed independently byitwestigators (FK and AW) using a
standardized data extraction form. The variablesratted included: author, year, geographic
location, number of subjects in IE exposed group @ntrol group (when available), accrual
characteristics (inclusion criteria, exclusioneid, study methods, case and control cohort
identification), pathogen involved, time-point &ddied following IE and the definition used for
PI-IBS assessment. Additionally, we extracted hastt enteritis-related risk factors associated
with development of PI-IBS. Host-related risk fastoncluded: age, sex, smoking status, and
psychological distress at time of IE; and IE-redat@ctors included: abdominal pain, fever,
duration of diarrhea, bloody stools, weight losg] antibiotic use.

Quality assessment of the selected studies wassasbby two authors independently
(FK and AW) using the modified Newcastle-OttawaleCerated on a 0-6 scale for studies
without a comparator group and 0-9 for studies &itomparator group) for cohort studies;
within this, studies with scores 5 or 6 (out ofd, point prevalence studies) and 8 or 9 (out of 9,
for comparative studies on risk in exposed vs. egpesed cohorts) were considered high
guality, studies with scores 4/6 or 6 or 7 out oivBre considered medium quality, and all other
studies were considered low qualitye inter rater agreement between the two revie(kKs
and AW) for the questions on the Newcastle-Ottasedeswas 80%. The discrepant items were
resolved by senior investigator (MG) independergljewing the original study for that specific
variable on the scale.
Outcomes Assessed

Primary outcome: The primary outcome of interest was the poinvalence of PI-IBS.

This was estimated within 12m (overall, and at 8m,and 12m) and >12m (overall, and at 13-
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59m,>60m) after IE, by type of pathogen (bacterial, v&nad protozoal/parasitic). When studies
reported prevalence of PI-IBS at multiple time poithen a hierarchal assessment of prevalence
at 12m, 13-59n160m, 6m and 3m was used to estimate “overall” ppiatalence. Since
gastrointestinal symptoms, and consequently thgndisis of IBS based on symptom criteria can
vary over time, we chose point prevalence of Pl-&B8ifferent time points as more accurate
representation, as compared to incidence or cuivelaicidence of PI-IBS after IE.

Secondary outcomes:

(a) Relative risk of PI-IBS: To estimate the ralatimpact of IE on risk of IBS, we compared

rates of new-onset IBS after IE with non-exposetividuals, overall, and within 12m and >12m
after exposure (to compare time-specific risk).sTWas assessed separately by type of pathogen

(bacterial, viral and protozoal/parasitic);

(b) Risk factors for PI-IBS: We performed meta-gs@ of demographic (age, sex, smoking),
psychosocial (anxiety, depression at time of IEasueed using Hospital Anxiety and
Depression Scale [HADS], somatization, and neusstit and enteritis-related risk factors
(duration of IE, bloody stools, abdominal pain,dewveight loss, antibiotic exposure)

comparing individuals who developed PI-IBS aftemith those who did not;

(c) Natural history and PI-IBS phenotype: Usingdsts which reported prevalence and outcome
of PI-IBS at multiple time-points after IE, we assed the natural history and prognosis of PI-
IBS. Additionally, we reviewed the IBS subtype [stipation predominant IBS (IBS-C),
diarrhea predominant IBS (IBS-D) and mixed IBS (1Bl when it was reported.

To assess robustness of association between IBlat8S, and to identify potential
sources of heterogeneity, we condudemliori subgroup analyses based on: geographic location

(North America vs. Europe vs. Asia), method of asswy IE (laboratory confirmed vs. clinically
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suspected), definition of IBS (Rome | vs. 1l vd),Ipatient population (adults vs. children),
attrition rate (survey response rate80%, 60-79%, 40-59% and <40%) and study qualitgh(hi
vs. medium vs. low). Sensitivity analysis basedyme of publication (full-text vs. abstract) was

also performed.

Satistical Analysis

We used the random-effects model described byiPer8an and Laird to calculate
summary point prevalence and 95% confidence int¢6#.2° Rates of PI-IBS in patients
exposed to IE were compared with non-exposed iddals to estimate summary relative risk
(RR) and 95% CI. To identify risk factors assoadiangth PI-IBS, we pooled maximally adjusted
odds ratio (OR; to account for confounding variahlevhere reported, using random-effects
model. To estimate what proportion of total vaoatacross studies was due to heterogeneity
rather than chancé, tatistic was calculated. In this, a value of <388%6-59%, 60%-75% and
>75% were suggestive of low, moderate, substaatidlconsiderable heterogeneity,
respectively’” Once heterogeneity was noted, between-study soofdeeterogeneity were
investigated using priori defined subgroup analyses by stratifying origestimates according
to study characteristics (as described abovehignanalysis, a p-value for differences between
subgroups (Reraciion Of <0.10 was considered statistically significard., significant differences
in summary estimates (either point prevalence dB@l or relative risk of PI-IBS) were
observed in different subgroup categories. Pubdtinatias for PI-IBS prevalence and RR was

assessed qualitatively using funnel plot, and qtaively, using Egger’s test.
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All p values were two tailed. For all tests (exciep heterogeneity), a probability level
<0.05 was considered statistically significant. édlculations and graphs were performed using

Comprehensive Meta-Analysis (CMA) version 2 (BiosEnglewood, NJ).

RESULTS

From the previous systematic review, 16 studieswdentified reporting prevalence of
PI-IBS. With our updated systematic literature eswiwe identified an additional 29 unique
articles meeting inclusion criteria. Therefore, iweluded 45 studies (n=21,421 participants with
IE exposure) that reported the prevalence of PI-IBS
45,713, 1517, 20, 23, 29-5Pn@ flow diagram summarizing study identificatimmd selection is shown

in Figure 1.

Characteristics and Quality of Included Sudies

Appendix Table 1 shows the baseline characteristics of the studie$of the
participants in the individual studies. Thirty fiead 15 studies provided sufficient data for
estimation of prevalence of PI- IBS within 12m ari®m of IE, respectively. The number of
subjects examined in the individual studies inlthexposed group ranged from 23-5894, and
1.2-80.5% of those developed PI-IBS. Four studiesevin pediatric (<18y) population. The
follow-up time period for assessment of PI-IBS rehdrom 3m to 10y. Thirty seven studies
used Rome criteria for diagnosing PI-IBS (12 Rofhelll Rome II, and 8 Rome [). Ten studies
were conducted in North America, 26 in Europe, Agim, 1 in New Zealand 1 study was
conducted in both Europe and North America andl%rigiel. The mean age of participants in IE

exposed group ranged from 5.3-65.4 years with @.2% females. Bacterial enteritis was the

10
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most common IE type studied. IE was laboratory icordd in 24 studies and clinically
suspected in 21 studieSppendix Table 2 outlines cohort characteristics (inclusion and
exclusion criteria), methodology for PI-IBS assessh{presence of IBS prior to IE, survey
response rates, and data completeness) and selettiontrols. Out of the 45 studies, 41 studies
used online or mailed survey questionnaires oensgn or telephone interviews and 4 studies
were conducted using electronic databases. Ofrths vsing databases, two used ICD codes
alone! **one used ICD codes plus clinician documentafiand one used ICD codes plus IBS
confirmation by a physiciatf. The survey response rate was variable (36-96%juEon of pre
enteritis IBS was specified in 35 of 45 studies B in 26 of the 45 studies. Additionally, one
study excluded IE episodes within 12 m before timeent |E episod®& and one excluded
patients with another IE episode anytime in the.ffas

The median quality score for prevalestedies included was 5 (range 3-6) on a 0-6 scale
and 7 (range 4-9) for RR studies on a 0-9 saappéndix Table 3). There was variability in the

survey response rate among the studies (<4098Q66 response); 16/45 studies h&@%

response rate.

Prevalence of PI-1BS

Overall, pooled prevalence of PI-IBS was 11.5%1{221421, 95% CI=8.2-15.8), with
no significant difference in the reported Pl-IB®yalence among studies estimating prevalence
at 3, 6, 12, 13-59 ar60 months following IE (Reracior=0.63) Appendix Table4). At 12m and
beyond 12m, the point prevalence of PI-IBS was%0(911/15800, 95% CI=7.2-14.1) and
14.5% (1466/12007, 95% CI=7.7-25.5), respectivdlynmary estimate shows significant

heterogeneity {>90%) among studies.

11
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Overall, the rates of PI-IBS were highest aftertpzoal/parasitic IE>™** **followed by
bacterial |E} > 172015, 31,34, 35,38-44, 47, 50-55, 57. 3 d |owest rates were seen with viral tg
(Figure 2). Summary estimate shows significant heteroger{Ei95%) among studies.
However, when examining rates within and beyond ,Mral IE was associated with high rates
PI-IBS within 12m of IE (prevalence=19.4; 95% CB3,.24-27.7), but this declined beyond 12m of
exposure (prevalence=4.4; 95% @B-39.9) Appendix Table5). Four studies evaluating
pediatric age patients found a PI-IBS prevalenck4of% (95% CI=7.3-27.2°479) compared
to 11.1% (95% CI=7.8-15.6°398) in 41 adult studies {Rracio=0.48). Given the significant
heterogeneity, summary estimates should be usédcaittion.

Considerable heterogeneity is observed in thertegp@revalence of PI-IBS. To
understand the variability in prevalence, sevpraispecified subgroup analyses were performed
(Table 1). We observed significantly higher prevalence b85S (18.6%; 95% CI13.7-24.8) in
studies with low response rates (particularly, <4@¥ponse), suggesting a responder bias; in
studies in which response rates w86%, overall prevalence of PI-IBS was 7.9% (95%4C1;
14.6). We did not observe significant differenceeported prevalence of PI-IBS in patients with
laboratory confirmed IE (prevalence, 12.9%; 95%8%-19.1) as compared to clinically
suspected IE or self-reported (prevalence, 9.9; 89%.0-16.1), based on criteria to define IBS
(Rome I, 1l or 1) or geographical location of syt On sensitivity analysis, observed prevalence

was lower in studies published as full-text as carag to those published in abstract form.

Relative risk of PI-IBS
Thirty studies included both IE exposed and nopesed individuals (IE exposed

n=18023 and non-exposed n=649496). Controls wexeayl sex-matched (18 studies) and

12
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derived from the same geographic population andgusie same search strategy as the IE cases
(28 studies). Overall, patients exposed to IE h&diBes higher risk of developing IBS as
compared to non-exposed individuals. The magnitidecreased risk was higher within 12m
after IE (RR, 4.23; 95% Cl, 3.15-5.68=61%; 23 studies), and decreased (though remained
significantly higher compared to non-exposed grdagjond 12m (RR, 2.33; 95% CI, 1.82-2.99;
1?=76; 12 studies) [p-value for difference in RR \iritand beyond 12m=0.002] (Table 2;
Appendix Table 6). Except for studies examining relative risk ahénths (f=20%), summary
estimate shows substantial heterogenefty7(l-79%) among studies pooling estimates at
different time-points. Four studies evaluating pé&rilc population observed a 4.1 times increased
risk of PI-IBS (95% C1=2.05-8.15; =0) compared to the 3.8 fold increased risk in @élta
studies (95% CI2.89-5.09; 1=81), as compared to the non-exposed individuals
(Pinteractior=0.87).

Due to considerable difference in RR of PI-IBShiwitand beyond 12m, further analysis
was stratified by time since exposure. Within 12nE the observed RR of PI-IBS was higher
in European and Asiatpbuntries as compared to studies conducted in Mortarica [able 2).
There was no difference in observed RR based tarierfor IBS diagnosis, method of
confirming IE, or by the type of the organism. Begid.2m of IE, we observed a significant
difference in RR of PI-IBS based on organism ofasype, with higher rates observed with
protozoal/parasitic and bacterial IE as comparedrtd IE, and based on study quality (high
rates observed in medium and high quality studissompared to low quality studies).

On comparing the magnitude of increased risk & B time since exposure to IE, we
observed that RR of PI-IBS due to protozoal/pa@smained stable over time, whereas the RR

of IBS decreased in magnitude with bacterial (RRWithin 12m of IE vs. >12m after IE: 4.2 vs.

13
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2.2, p=0.01); there was a non-significant decr@aseagnitude of risk with viral IE with

increasing time (RR for within 12m of IE vs. >12fftea IE: 4.5 vs. 1.2, p=0.13).

Risk factors for development of IBS after infectious enteritis

Of the 45 included studies, 33 assessed at leastisk factor for PI-IBS development
(Figure 3). These are divided into demographic, enteritiatesl and psychological factors
below.

Demographic factors: Five studies assessed ageisis factor:’ 3237 >0 *4/ariability in

classification and lack of data precluded calcatatf pooled OR. Twenty one studies appraised
sex as a risk factor. Female sex was associatédadt? times higher odds of developing PI-
IBS (OR, 2.19; 95% CI, 1.57-3.07) based on 11 studiith extractable dafa® ** 2023 3135, 40.
44,45 5095 ;mmary estimate shows substantial heterogeri&ity2%). Three of the 9 studies
without extractable data also showed a signifieessbciation for female s&x*> *°Based on two
studies'” *>smoking was not associated with increased od&-t8S (OR, 1.15; 95% CI, 0.90-
1.46); an additional study without extractable da® observed a non-significant associatfon.

Psychological factors: Prevalent anxiety (OR, 19506 Cl, 1.32-2.94) and depression

(OR, 1.49; 95% ClI, 1.17-1.90) measured using HA®X$me of IE was associated with PI-IBS
development, based o8 344 °%nd 4 studied, 3" ** *Yespectively. Summary estimate
shows considerable heterogeneity for anxi€tyq0%) and moderate for depressiciF4i8%).
Four additional studies were not included due ¢ Iaf sufficient data for meta-analysis;
however, 3 of those 4 also showed a significamaagon® *> *’Somatization at the time of IE
was assessed in four studies using the somaticteymghecklist and was associated with PI-

IBS (OR, 4.05; 95% ClI, 2.71-6.03)*" 3" *®Neuroticism at the time of |E was also associated

14
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with PI-IBS development (OR, 3.26; 95% CI, 1.625.based on two studiés?® Adverse life
events in preceding yeahypochondriasis extroversiort? negative illness belief$,prior
history of stress and sleep disturbancavere also found to be associated with PI-IBS
development in isolated studies.

Enteritis-related factors: Abdominal pain durifigwas assessed in 15 studies as a risk

factor for PI-IBS development, 9 of which foundigrificant association, 4 of whith %3133

had data for summarization (OR, 3.26; 95% CI, B30}). Summary estimate shows
considerable heterogeneity$86%). Based on 8 studiég® 23 31:39.40.50. Yjarrhea >7 days

was associated with increased odds of PI-IBS (062;25% CI, 1.48-4.61). Summary estimate
shows considerable heterogeneif86%). Bloody stool was associated with PI-IBS
development based on 4 studfes’ ** “Aith an OR of 1.86 (95% ClI, 1.14-3.03). Summary
estimate shows substantial heterogenefty68%). Fever and weight loss with IE were not
observed to be risk factors for PI-IBS. Based aiuiglies:” 23 31404445 53ntibjotic exposure at
time of PI-IBS was associated with an increased addleveloping PI-IBS (OR, 1.69; 95% ClI,

1.20-2.37) (=32%).

Natural history of PI-IBS

Thirteen studies reported phenotype of new-orid8tdfter IE. Three of these reported
IBS-D or “non-constipation” predominant as the magS subtype. Of the other 10 studies,
IBS-M was the most common phenotype reported (1342/36%, 95% CI, 31-62%) followed by
IBS-D (120/304, 40%, 95% CI, 25-57%); IBS-C was lgest common least common phenotype

(42/304, 15%, 95% CI, 10-21%).

15
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Overall, nine studies reported PI-IBS prevalertaaw@tiple time points. Five of these
had complete data, however, four studies had amgahem 17-60% data missing at the longest
time-point of assessment after IE. The at-risk pefpan was the IE population at inception.
Three studies observed decline in prevalence awey, ivhereas three observed an increase in
prevalence over time since the |IE episode; 2/8rtefdastable prevalence over timfgppendix

Figurel).

Publication Bias

There was no evidence of publication bias basegluatitative assessment using the
funnel plot or on quantitative analysis, based ggédf’s test for the primary outcome of
prevalence of PI-IBS (p=0.15) or for RR of PI-IB$-0.13). However, given high heterogeneity

observed in the overall analysis, these resultaldhme interpreted with caution.

DISCUSSION

In this systematic analysis of 45 studies repgrtn new-onset IBS in 21,421 subjects
with IE, we made several key observatidfisst, we estimated a pooled point prevalence of PI-
IBS of 11% (95% CI, 8.2-15.8), i.e., about 1 ird%%o ClI, 7-13) individuals develop new-onset
IBS following an episode of IE. The most commonrpitgpes are mixed and diarrhea
predominant IBS. The overall risk of developing IBSl.2 times higher in individuals exposed
to IE, as compared to non-exposed individuals, iwithe first year of exposure, and continues to
remain high beyond the first year of exposure,iaitbea lower magnitude (RR, 2.3). This

increased risk was stable across adults and chijldizoss geographic regions, and in patients
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with clinically suspected or laboratory confirmdsl Second, the risk of IBS is highest with
protozoal enteritis, with ~40% of individuals demeing IBS, followed by bacterial enteritis.
Viral enteritis confers high risk of PI-IBS withthe first year of exposure (RR similar to
bacterial and protozoal enteritis), but this rigkikases to that of general non-exposed
population beyond 1 year of exposure. In conttastyisk of PI-IBS remains high even beyond
12m of exposure with bacterial and protozoal etisefiihird, female sex, clinically severe IE
(diarrhea duration >7d, bloody stools, abdominahpaise of antibiotics to treat IE and
psychological distress at the time of IE are asgediwith an increased risk of PI-IBS. Our
findings on the chronic sequelae of gastrointektirfactions are significant from a public-health
perspective. The Centers for Disease Control aaddation (CDC) estimates that 1 in 6 U.S.
adults have a reported case of foodborne illnessally and there are additional unreported
cases? In addition to the risk associated with foodboittresses in the community, over 60
million annual U.S travelers to international deations are at an increased i Finally, IE
is common during deployment and recent studies bhwa/n an increased incidence of IBS and
other functional gastrointestinal disorders inthétary personnel who are also under significant
psychological stress during deploym&Even with a conservative estimate of 15% of th®.U.
population being exposed to IE annually, basedwrfindings, an approximate 1.6% of the U.S.
population (or 5.1 million people) likely developsw-onset IBS following IE annually.
Modeling studies have estimated that PI-IBS propabhtributes to the majority of IBS ca$gs.
Our 11% pooled prevalence of PI-IBS (6-12 montbst pE) is comparable to the ~10%
pooled prevalence reported in the previous metéyses® °* However, the previous meta-

analyse$ ® observed a higher RR of PI-IBS (5.2-7.6) thansiudy. This is likely due to
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overestimation of RR with a small number of stugveith lower than expected prevalence of
IBS in the unexposed cohorts in those studies.

The high magnitude (~40%) of PI-IBS risk obseraéidr protozoal enteritis merits
attention. Three studies published by the samepgsbowed PI-IBS prevalence ranging from
39-80% following protozoalGiardia) enteritis™** Two of these studies were large and had a
control group"> **However, the incidence was studied at single fiats >12 months in all 3
of these studie©nly one of these studies confirm@ihrdia eradication in the stool sampfe;
hence, some of the PI-IBS could be misclassificatibchronic Giardiasis. In contrast, viral
enteritis was associated lowest prevalence of BldB4% and an RR of 1.2 at >12 months (non-
significant when compared to the non-exposed).gdtbophysiological mechanisms for the
short lasting nature of virus related PI-IBS arecwmpletely understood. It is possible that
viruses cause less mucosal invasion and hencstleadation of the neuromuscular and
immune apparatus and downstream plasticity whichtlsan lead to PI-IBS. Additionally, it is
possible that viral enteritis does not have a $icamt effect on the microbiota composition and
function which has been hypothesized to play airofathophysiology of PI-IB&>

Identification of high-risk patients and poterigiahodifiable risk factors for PI-IBS is of
interest in preventing development of PI-IBS. Wenpeehensively extracted data on risk factors
from all of the available studies in a time frafhemales have 2.4 times odds of developing PI-
IBS, as compared to males. This likely reflectoaerall increased predilection for development
of IBS symptoms in females. Anxiety, depressiomatzation and neuroticism at the time of IE
are potentially modifiable risk factors for devetognt of PI-IBS. Psychological distress and
maladaptive coping with symptoms are commonly okeskin patients with IB&® ®’It is

possible that psychological distress increasesevability to IBS development through
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increasing pathogenic viruleri€er attenuating host mucosal barrier and immungomrses?

The clinical severity of IE episode is associatéith\w1-IBS development. This could be due to
pathogen or host factors. Finally, antibiotic usea risk factor for PI-IBS development. Plausible
mechanisms include microbiota perturbations in@asp to pathogenic insult and impaired
ability of a subset of hosts to reestablish thasdiine commensal microbiome. This could also
be a reflection of “clinically severe” IE subgrotiyat is also more likely to receive antibiotics
during the IE episode.

The strengths of our meta-analysis include (a)esyatic literature search of multiple
databases to identify 45 cohort studies that iredualver 20,000 IE patients, (b) comprehensive
assessment all aspects of PI-IBS (prevalencejvelask, risk factors, prognosis/natural
history), and (c) with detailed, clinically relevtaa priori subgroup and sensitivity analys€sir
meta-analysis builds upon initial observationsrievpus meta-analyses, providing more
detailed insights into the risk of PI-IBS over tingy different pathogens, and provides a more
comprehensive understanding of risk factors, byrmanzing data from 45 studies. First, our
meta-analysis provides risk estimates from a siganitly larger number of studies and assesses
long-term risk (>12 months after IE in 12 studieglich was not studied in the previously
published meta-analy$iallowing us to conclude that increased risk of 8% persists for an
extended period after IE, albeit at lower rates thiaserved within 1 year of IE. Second, we were
able to evaluate and observed differences in #hkeafi PI-IBS based on pathogen type (bacterial,
viral, protozoal/parasitic). Third, while the preus meta-analysis assessed only anxiety and
depression as risk factors for PI-IBS (based upstudies), we have comprehensively assessed
risk associated with several host (sex, smokingiesyy, depression, somatization and

neuroticism) and enteritis-related factors (abd@pain, antibiotic use, bloody stool, duration
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of enteritis, fever, and weight loss) based orrgelanumber of studies, which may help identify
patients at highest risk of PI-IBS after IE, enaglrisk stratification for development of early
strategies to minimize risk of long-term morbid selge of IE. Fourth, in contrast to the
previous meta-analysis, we have conducted muléipieori subgroup analysis to evaluate for
stability of association and identify sources ofelnegeneity across a range of factors. Through
these analyses, we identified significant diffeesm observed risk of PI-IBS based on
pathogen causing IE, differences in survey respoaitseas well as geographical location. We
also observed that the point prevalence of PI-IBS stable at different time points, using
different criteria for IBS diagnosis, and by di#et methods of diagnosing IE. Fifth, from the 10
studies with data available on PI-IBS phenotypeywgee able to conclude that IBS-M is the
most common PI-IBS phenotype (46%), followed by 1B $40%) and IBS-C rarest (15%).
Finally, through studies that provided data on a&RI-IBS at different time points, we were
able to offer a more comprehensive insight intorthtural history of PI-IBS after IE.

Our meta-analysis has several limitations. Fiwstobserved high heterogeneity for
several analyses?(+95% for pooled point prevalence summary estimafedditionally, certain
risk-factor estimates also had substantial hetereigye(abdominal pain, anxiety, duration of
diarrhea >7 days, female sex). Heterogeneity isinobmmon in prevalence meta-analysis,
partly due to large sample size of individual sésdivith precise estimates resulting in statistical
heterogeneity. Conceptually, we minimized hetereggrwith well-defined inclusion and
exclusion criteria. We also performed pre-planndabsoup analyses to assess stability of
association and explore sources of heterogeneityuit analysis, heterogeneity could be partly
explained by response rates; the observed prevat#fel-IBS, was 7.9% in studies with the

survey response rates >80% as compared to 18.28fvelsin studies with response rate <40%.
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This is likely related to responder bias with syampatic individuals more likely to respond to
surveys. The reported rates of PI-IBS were alshénign studies published only in abstract form,
as compared to studies published in full afterabigh peer review; estimates derived from the
latter are probably more reliable. Second, whilardiflying risk factors associated with PI-IBS,
we used available adjusted and unadjusted dataifrdividual studies for pooling.
Unfortunately, multivariate analysis was inconsiifereported with adjustment for different
confounding variables across studies, and this sdr@elimits the inference that can be drawn
from these observations. We acknowledge that pgalivadjusted estimates is not able to
account for confounding factors, and the implicaisk factors observed through this analysis,
may not necessarily be due to the single studiefabut rather a conglomeration of factors
(e.g., clinically severe IE and antibiotic use dgrlE, etc.). Finally, at an individual study leyel
most of the included studies were periodic sunteyadividuals with known exposure to IE, and
hence, were able to estimate cross-sectional eva) as opposed to the true incidence, and
incompletely assessed the natural history of IB&is population. Similar to IBS in generdi*
the PI-IBS diagnosis made by symptom based critergs multiple time points following IE can
fluctuate in individual subjects (complete or palrdymptom resolution) or shift between
different categories of FGIDs. However, the sumnestymates should be interpreted with
caution considering observed heterogeneity.

In conclusion, based on a meta-analysis of 45etyud/e observed that about one of
every 9 individuals (95% CI, 7-13) exposed to fdadne illness and other forms of infectious
enteritis may develop IBS, at a rate 4 times highan the non-exposed individuals. Protozoal
and bacterial enteritis confer the greatest oveisi{| although the magnitude of increased risk

diminishes with time since exposure; in contrask of IBS following viral enteritis is lower,
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with highest burden seen within th& ylear of exposure, and risk becomes comparableeto t
general, non-exposed population following thats important to consider PI-IBS during care of
patients with chronic gastrointestinal symptomsoiwing an episode of IE, especially in patients
at high-risk of developing the same: females, pégiith prevalent anxiety and depression at
time of IE, and patients with clinically severe Hhd those treated with antibiotics. Finally,
antibiotic stewardship during IE may reduce thk asPI-IBS development. Future research will
benefit from registries for prospective follow uppatients with IE and from mechanistic studies
to determine host- and pathogen-related pathoplogioal mechanisms that will inform on PI-

IBS and potentially IBS in general.
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FigureLegends:

Figure 1: Study selection flow-diagram

Figure2: Summary point prevalence of PI-IBS with bactermbtozoal/parasitic and viral
infectious enteritis. Considerable heterogeneifpq6%) was observed for all

analyses.

Figure3: Pooled odds ratio for host- and infectious etitedpisode related risk factors for
PI-IBS development. Moderate to considerable hgtaeity was observed for
most estimates {alues for abdominal pain = 86%, antibiotic expest 32%,
anxiety = 90%, bloody stool = 65%, depression = 48&bation of initial enteritis
>7 days = 86%, female sex = 72%, fever at timentéritis = 69%, neuroticism —

0%, somatization = 0%, smoking = 8%, weight 0s&5%%).
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Table 1: Subgroup analysis of PI-IBS prevalence (regardless of the time since infection) to
assess stability of association and explore sources of heterogeneity. Pinteraction <0.10 implies

statistically significant differencesin the point prevalence of PI-1BS between different

subgroups.
Subgroups Eventg/Total Prevalence of 95% CI Pinteraction
exposed PI-1BS (%)
(No. of studies)
Overall 2217/21421 (45) 115 8.2-15.8 -
By survey response rate
« >80% 429/12074 (16) 7.9 4.1-14.6 0.049
e 60-79% 765/3490 (9) 11.7 5.7-22.5
e 40-59% 189/1952 (9) 11.3 7.2-17.4
o <40% 832/3905 (11) 18.6 13.7-24.8
Rome Criterion®
* Romel 608/3039 (9) 129 7.7-20.9 0.93
e Romell 515/8798 (18) 12.0 7.4-18.8
e Romelll 966/6332 (12) 139 7.4-24.4
Location”
e North America 613/4704 (10) 75 3.8-14.1 0.34
« Europe 1497/15812 (27) 13.0 8.1-20.3
e Asa 101/861 (7) 12.2 9.9-14.8
Publication type
o Full text 2038/20490 (41) 109 7.6-15.5 0.054
e Abstract 177/931 (4) 174 12.7-23.4
Method of |E Diagnosis
» Laboratory confirmed | 1169/7281 (24) 129 8.6-19.1 0.42
« Clinically suspected 1046/14140 (21) 9.9 6.0-16.1
or self-reported
Study Quality
* Highquality 1223/13927 (25) 13.0 8.3-19.9 0.48
e Medium quality 838/4143 (13) 11.2 6.3-19.2
« Low quality 154/3351 (7) 7.3 3.0-16.5

@ excluded 6 studiesin which criterion was not reported
® combined 1 study from New Zealand with Europe, and excluded one study performed in both Europe and North

America




Table 2: Subgroup analysis for PI-IBS relative risk in exposed as compared to the participants

not exposed to gastrointestinal infection. Pineraction <0.10 implies statistically significant

differencesin the relative risk of PI-IBS between different subgroups.

Subgroups EventsgTotal | EventgTotal | Relative | 95% CI Pinteraction
(No. of studies) exposed unexposed risk
Within 12m of exposure
Overall (23) 500/12831 2397/639635 | 4.23 3.15-5.69
Rome Criterion
* Romel (2 15/134 3/87 2.10 0.62-7.12 0.37
« Romell (12) 257/8214 268/49482 4.17 2.93-5.92
« Romelll (7) 197/4159 98/5553 3.13 2.18-4.47
Organism
» Bacteria (10) 254/7189 261/48340 4.22 2.84-6.25 1.00
« Vira (2) 53/264 5/147 4.48 1.01-19.95
* Protozoa (1) 5/72 0/27 4.22 0.24-73.83
Location
« North America(5) | 49/697 31/1108 2.02 1.24-3.30 0.01
 Europe (13) 367/11527 2349/637701 | 4.69 3.20-6.86
« Asa(b) 84/725 17/826 5.50 2.96-10.21
Method of diagnosis
e Laboratory 141/1421 2064/585513 | 5.01 2.67-9.40 0.36
confirmed (8)
« Clinicaly 359/11528 333/54122 3.62 2.72-4.85
suspected (15)
Study Quality
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