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ABSTRACT

Objective Disorders of gut-brain interaction may arise
after acute gastroenteritis. Data on the influence of
pathogen type on the risk of postinfection IBS (PI-IBS), as
on postinfection functional dyspepsia (PI-FD), are limited.
We conducted a systematic review and meta-analysis

to determine prevalence of PI-IBS or PI-FD after acute
gastroenteritis.

Design We included observational studies recruiting
=50 adults and reporting prevalence of IBS or FD after
acute gastroenteritis with =3-month follow-up. A
random effects model was used to estimate prevalence
and ORs with 95% Cls.

Results In total, 47 studies (28 170 subjects) were
eligible. Overall prevalence of PI-IBS and PI-FD were
14.5% and 12.7%, respectively. IBS persisted in 39.8%
of subjects in the long-term (>5 years follow-up) after
diagnosis. Individuals experiencing acute gastroenteritis
had a significantly higher odds of IBS (OR 4.3) and FD
(OR 3.0) than non-exposed controls. PI-IBS was most
associated with parasites (prevalence 30.1%), but in
only two studies, followed by bacteria (18.3%) and
viruses (10.7%). In available studies, Campylobacter was
associated with the highest PI-IBS prevalence (20.7%)
whereas Proteobacteria and SARS-CoV-2 yielded the
highest odds for PI-IBS (both OR 5.4). Prevalence of PI-
FD was 10.0% for SARS-CoV-2 and 13.6% for bacteria
(Enterobacteriaceae 19.4%).

Conclusion In a large systematic review and meta-
analysis, 14.5% of individuals experiencing acute
gastroenteritis developed PI-IBS and 12.7% PI-FD,

with greater than fourfold increased odds for IBS and
threefold for FD. Proinflammatory microbes, including
Proteobacteria and subcategories, and SARS-CoV-2, may
be associated with the development of PI-IBS and PI-FD.

INTRODUCTION

Functional gastrointestinal diseases, renamed as
disorders of gut-brain interaction (DGBI) according
to the Rome IV criteria in 2016, are among the most
common digestive disorders worldwide.! ? The
most prevalent DGBI include IBS, with a prevalence
ranging from nearly 4% to 11%,>* and functional
dyspepsia (FD), with a prevalence of 7%, world-
wide.* These disorders have a considerable impact
on health services and society, being associated with
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= A well-established body of evidence shows
that acute infectious gastroenteritis is a risk
factor for the development of disorders of
gut-brain interaction (DGBI), and specific
subgroups of DGBI have a clear postinfection
origin, including postinfection IBS (PI-IBS) and
postinfection functional dyspepsia (PI-FD).

= Although there have been prior systematic
assessments of this issue, data on the influence
of pathogen type on PI-IBS are limited, and
there have been few studies to date examining
the prevalence of PI-FD.

WHAT THIS STUDY ADDS

= This updated systematic review and meta-
analysis included 47 studies and 28170
individuals, 14.5% of people experiencing
acute gastroenteritis developed PI-IBS and
12.7% developed PI-FD, with a nearly fourfold
increased odds for IBS and threefold for FD,
respectively.

= Persistence rates of PI-IBS were considerable
(52.3% of subjects at 1-4 years follow-up and
39.8% of subjects at >5 years follow-up).

= Based on available studies, aggressive and
proinflammatory microbial taxa, including
Proteobacteria and subcategories (eg,
Enterobacteriaceae), and SARS-CoV-2, may be
associated with increased risk of developing
PI-IBS and PI-FD.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= In this updated analysis, we found a slight
increase in prevalence of PI-IBS and PI-FD
compared with previous data.

= Generally, as acute gastroenteritis is a common
disorder worldwide, our findings may be
relevant for public health, and physicians
should pay heed if their patients present with a
recent episode of infectious gastroenteritis.

= Moreover, physicians should be aware
that some microbes with proinflammatory
characteristics may be associated with PI-IBS
or PI-FD.
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high morbidity and loss of working hours, impaired quality of
life and economic expenditure.” Despite their prevalence, their
pathophysiology remains poorly understood. Several pathways,
including genetic predisposition, altered GI motility, visceral
hypersensitivity, alterations of the brain-gut axis, low-grade
immune activation, increased intestinal permeability and impair-
ment of gut microbiome, are potentially involved.®

Consolidated evidence shows that acute infectious gastro-
enteritis represents a common risk factor for the development of
DGBI.”™ Specific subgroups of DGBI have a clear postinfection
(PI) origin, including PI-IBS, defined as the development of IBS
after an episode of acute gastroenteritis,'*"'* and PI-FD, defined
as onset of a symptom complex characterised by epigastric pain,
bloating, early satiety, fullness, epigastric burning, belching,
nausea and vomiting, following an acute gastroenteritis. The
most common pathogens implicated in the development of
PI-IBS and PI-FD are represented by viruses (including noro-
virus, rotavirus, SARS-CoV-2), bacteria (Campylobacter, Salmo-
nella, Escherichia coli, Shigella, Clostridioides difficile)®*™® and
protozoa (Giardia)." '® In general, protozoal or bacterial acute
gastroenteritis tend to have a stronger association with the devel-
opment of PI-IBS or PI-FD than viral infections.”® **

The prevalence of PI-IBS was 17% in a prior meta-analysis of
34 studies,?® while the prevalence of PI-FD has been reported by
only a few studies.” Despite the available data, it is still difficult
to provide a clear and contemporaneous picture of the epide-
miology of PI-IBS and PI-FD for several reasons. First, different
factors could influence their prevalence, including the causative
pathogen, the country and the method (clinical evaluation or
microbiological diagnosis) and timing of assessment.”! More-
over, most available prevalence data come from studies based
on the Rome I, IT and III criteria.” The introduction of Rome IV
in 2016 has altered the criteria of DGBI, resulting in a decrease
in IBS prevalence,” due to a requirement for more frequent
symptoms.” Also, data systematic assessments of the persistence
of PI-IBS and PI-FD after initial diagnosis are lacking. Finally,
comprehensive data on the prevalence of PI-FD remain limited.
For these reasons, we aimed to carry out a contemporaneous
systematic review and meta-analysis of studies evaluating the
prevalence of PI-IBS and PI-FD.

METHODS

This study was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (online supplemental table 1).**

Selection criteria

We considered eligible observational studies recruiting =50
adults (aged =15 years) with documented acute gastroenteritis;
laboratory proven, clinically suspected or self-reported. Studies
had to report the proportion of subjects reporting symptoms
compatible with PI-IBS or PI-FD at least 3 months after the
episode of acute gastroenteritis. Although some included studies
refer to this as the incidence of PI-IBS or PI-FD, we used the
term prevalence, given that not all studies excluded the presence
of symptoms of IBS or FD prior to infection, and even in studies
that did exclude this, participants could be at risk of recall bias.
We reduced the usual 6-month threshold from the infection
episode for the diagnosis of IBS or FD," as the Rome Foundation
has recently recommended clinical diagnostic criteria to enable
the diagnosis of DGBI after a shorter symptom duration of at
least 8 weeks, if the relevant symptom-based criteria are met and
other organic conditions have been ruled out.? Diagnosis of IBS

was based on Manning, Rome I, II, Il or IV criteria and FD
based on Rome I, II, IIT or IV criteria. We excluded case reports,
abstracts and studies without prevalence data.

Information sources, search strategy and study selection

To identify potentially eligible studies, we searched PubMed,
Scopus and ISI Web of Science systematically and without
language restrictions up to 15 October 2023. The complete
search string is available in online supplemental material. More-
over, the bibliographies of selected papers were hand searched to
provide additional references. Three investigators (SB MM and
LHE) assessed titles and abstracts of all studies independently to
exclude studies that did not meet the eligibility criteria. Conflicts
in study selection were resolved by consulting a third reviewer
(GI).

Data extraction
Details on data extraction are available in online supplemental
material.'* 15 2%

Quality assessment and risk of bias
Details on quality assessment *° and risk of bias are available in
online supplemental material.

Data synthesis and statistical analysis
Details on data synthesis and statistical analysis
able in online supplemental material.

313233 are avail-

RESULTS

Study selection and characteristics of included studies

The search strategy generated 5462 citations after removal of
duplicates. From these, 75 appeared to be relevant and were
retrieved for further assessment. In total, 47 studies, including
a total of 28 170 subjects, were eligible and were included in the
final analysis (figure 1).!0 14716 1819252934269 5 these, 46 studies
(21679 subjects) reported prevalence of PI-IBS and 13 studies
(6491 subjects) reported prevalence of PI-FD, respectively.
Characteristics of included studies are provided in online supple-
mental tables 2,3. Thirty-four studies only reported prevalence
of PI-IBS, 10 15 16 18 2729 34-39 41 44-54 56-63 6769 1 1114y only PI-FD*
and 12 studies both PI-IBS and PI-FD.'* 19 25 26 28 4043 55 64-66 68
Most studies were conducted in a single country, except for 2
studies, 1 conducted in both Bangladesh and India, and the other
in 14 different countries.”® ** Subjects were recruited in 27
different countries, but mostly in Europe and North America.
Agreement between investigators for assessment of study eligi-
bility was excellent (x statistic=0.86). Sixteen studies were
judged as high-quality, with the remaining studies classified as
fair-quality (online supplemental tables 4,5). Analyses according
to overlap between PI-IBS and PI-FD and according to different
iterations of the Rome criteria are provided in the online supple-
mental material.

Pooled prevalence of PI-IBS

The overall prevalence of PI-IBS is summarised in figure 2 and
table 1. Based on 46 studies and 14446 subjects, the pooled
prevalence was 14.5% (95% CI 11.2% to 18.1%) with high
heterogeneity (I?=97.1%, p<0.0001),10 14-16 18 19 25-29 34-41 43-69
When subgrouping according to geographical location, the
highest prevalence of PI-IBS was observed in North America
(12 studies, 4921 subjects, 18.9%; 95% CI 11.1% to 28.1%;
[*=98.1%, p<0.0001),'¢ 33738 40485036 6566 £4]] owed by Europe
(19 studies, 6453 individuals, 15.0%; 95% CI 9.8% to 21.1%;
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Fourteen studies (1092 subjects) reported extractable data for
IBS subtype,10 14 16 26 28 35 3940 4345 54 59 68 69 1B with diarrhoea
(IBS-D) was the most frequent type (46.1% of subjects),
followed by IBS with mixed bowel habits (IBS-M) (38.5%),
while constipation-predominant IBS (10.0%) and unsubtyped
IBS (5.4%) were less common. When data from 22 case-
control studies were pooled, the OR for IBS in individuals
with a history of acute gastroenteritis versus controls was 4.3
(95% CI 3.1 to 5.9) with moderate heterogeneity (I*=68.3%;
p<0.0001) but without funnel plot asymmetry (Egger test,
p=0.54),10 15 1925 26 28 29 43 44 47-50 53 55 57 60’62 65 6769

Given a strict application of the Rome IV diagnostic criteria for
IBS requires a symptom duration of 6 months, studies that only
reported data 3 months after the infection were excluded.*® 3% *#4?

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the search process. PI, postinfection; FD, functional

However, both the pooled prevalence (14.8%, 95% CI 11.3% to
18.8%; 1*=97.2%, p<0.0001) and the pooled OR (4.2, 95% CI
3.1 to 5.8; [*=68.6%, p<0.0001, Egger test p=0.7) of PI-IBS
remained almost unchanged compared with the main analysis.
Further sensitivity analyses were carried out including
studies that recruited subjects with laboratory confirmed
infection (27 studies, 7940 subjects) with similar results
(prevalence 14.6%; 95% CI 10.4% to 19.5%, *=96.9%,
p<0.0001), 15 161925-2729 3435 384143 4446 47 51-53 55 56 39-6163 68 pro.,
alence of PI-IBS was calculated excluding two studies that did
not report on whether IBS symptoms predated infection,®” °® but
again with a similar prevalence (14.2%j; 95% CI 11.4% to 17.2%,
[*=95.5%, p<0.0001). The prevalence of PI-IBS was lower
(12.4%; 95% CI 9.1% to 16.1%) when we conducted a sensi-
tivity analysis excluding nine studies that surveyed individuals at
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Figure 2 Pooled prevalence of PI-IBS after acute gastroenteritis. PI, postinfection.
different time-points after infection, with significant heteroge- tables 4,5) were evaluated,'’ 17 25 26 28 37 40 43 44 4749 55 60 67 68

neity (I>=96.6%, p<0.0001),1635 3640414956 6267 \yh e only high-  the prevalence of PI-IBS was 12.9% (95% CI 6.5% to 21.1%,
quality studies (17 studies, 5603 subjects, online supplemental [*=98.5%, p<0.0001), while the OR for PI-IBS was 4.5 (95%

Table 1 Prevalence of PI-IBS in overall studies and at subgroup analyses (stratified for IBS diagnostic criteria, study population origin, method of
acute gastroenteritis diagnosis and quality of included studies)

Subgroups Events/Total exposed Prevalence of PI-IBS (%) 95% Cl 12 (%) P value for 5
Overall 2290/14 446 14.5 11.2% 10 18.1% 97.1 <0.0001
IBS diagnostic criteria
Rome | 658/3197 153 8.8% 10 23.1% 96.3 <0.0001
Rome Il 252/2373 1.4 9.3% to 13.6% 57.0 0.0065
Rome IIl 1050/5091 20.0 12.0% t0 29.5% 98.3 <0.0001
Rome IV 330/3785 10.7 6.0% to 15.8% 95.4 <0.0001
Geographical location
Europe 1009/6453 15.0 9.8% t0 21.1% 97.5 <0.0001
North America 979/4921 18.9 11.1% t0 28.1% 98.1 <0.0001
Middle East 70/602 11.8 9.4% to 14.5% 0.0 0.64
Asia 218/2035 10.9 7.0% to 15.6% 89.4 <0.0001
Study quality
High quality 1038/5603 12.9 6.5% 10 21.1% 98.5 <0.0001
Fair quality 1252/8842 15.3 12.2% 10 18.7% 94.4 <0.0001

PI, postinfection.
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Study Events Total Event Rate (95% Cl)
Cremon 2104 28 66 0,42 (0,30, 0,55).
Dormond 2016 8 80 0,10(0,04, 0,19)
Ford 2010 189 654 0,29(0,25, 0,33)
Ghoshal 2021 11 280 0,04 (0,02, 0,07)
Marasco 2022 16 435 0,04 (0,02, 0,06)
Mearin 2005 33 267 0,12 (0,09, 0,17)
Nakhli 2021 26 164 0,16(0,11,0,22)
Parry. 2003 3 108 0,03 (5,8€-3, 0,08)
Porter 2012 18 1718 0,01 (6,2€-3, 0,02)
Rahman 2018 25 318 0,08 (0,05, 0,11)
Tornblom 2007 5 333 0,02 (4,9€-3, 0,03)
Trivedi 2011 9 93 0,10(0,05, 0,18)
Velez 2022 77 200 0,39(0,32, 0,46)
Wensaas 2016 189 730 0,26 (0,23, 0,29)
Zhang 2023 5 190 0.03 (8,6E-3, 0,06)
Total (95% C1) 642 5636 0,11 (0,05, 0,19)
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Figure 3  Pooled prevalence of postinfection functional dyspepsia after acute gastroenteritis.

CI 2.9 to 7.2; I*=47%, p=0.04, Egger test: p=0.27) in 11
studies (online supplemental tables 4,5).15 25 26 28 43 4447749 55 60

Pooled prevalence of PI-FD

The pooled prevalence of PI-FD is reported in figure 3 and
table 2. Based on 13 studies containing 5636 individuals,
the pooled prevalence was 12.7% (95% CI 6.6% to 20.4%;
12=97.6%, p<0.0001),14 1925 26 28 40 4243 35 64-66 68 AJ| jncluded
studies reported prevalence of PI-FD for 6 months or more after
the infection. As for PI-IBS, the highest prevalence of PI-FD
was observed when North American studies, including 1191
subjects (26.1%; 95% CI 16.7% to 36.8%) with high hetero-
geneity (1=92.1%, p<0.0001) were pooled.? 40 42566 QOply
four studies (99 subjects) reported extractable data for PI-FD
subtype.?® 28 4043 Specifically, we found that the postprandial
distress syndrome was the most frequent subtype (54.6%),
followed by the epigastric pain syndrome (25.2%), while overlap

of both was less common (20.2%). When data from nine case-
control studies were pooled,!? 25 26 28 42 4335 65 68 i dividuals
exposed to acute gastroenteritis had threefold increased odds of
developing FD as compared with controls (OR 3.0; 95% CI 1.9
to 4.8), with moderate heterogeneity (I*=61.4%; p=0.008).
The prevalence of PI-FD was 10.2% (95% CI 3.6% to 19.6%;
12=97.5%, p<0.0001) when only studies with confirmed gastro-
enteritis were included (8 studies, 2344 subjects),!? 2526284055 6468
When a further sensitivity analysis was carried out excluding the
study that did not rule out presence of FD before infection,®®
the prevalence of PI-FD was similar (11.7%; 95% CI 5.6% to
19.7%; 1*=97.4%, p<0.0001). The prevalence of PI-FD was
slightly higher (13.5%; 95% CI 6.6% to 22.4%; 1*=97.8%,
p<0.0001) when the study that surveyed subjects at different
time-points after infection was excluded.*” Finally, in 9 high-
quality studies, including 2558 individuals (online supplemental
tables 4,5), prevalence of PI-FD was 10.9% (95% CI 5.0% to

Table 2 Prevalence of PI-FD in overall studies and at subgroup analyses (stratified for FD diagnostic criteria, study population origin, method of

acute gastroenteritis diagnosis and quality of included studies)

Subgroups Events/Total exposed Prevalence of PI-FD (%) 95% Cl 17 (%) P value for z?
Overall 616/3838 12.7 6.6% t0 20.4% 97.6 <0.0001
FD diagnostic criteria
Rome Il 239/1455 9.5 1.4% t0 23.5% 98.0 <0.0001
Rome Il 253/1394 17.3 5.4% to 34.0% 97.8 <0.0001
Rome IV 124/989 12.5 1.8% t0 30.7% 98.0 <0.0001
Geographical location
Europe 258/1504 13.8 3.4% t0 29.6% 98.0 <0.0001
North America 309/1191 26.1 16.7% to0 36.9% 92.1 <0.0001
Asia 41/788 4.9 2.3% 10 8.2% 73.6 0.0227
Study quality
High quality 336/2558 10.9 5.0% to 18.7% 96.7 <0.0001
Fair quality 280/1280 16.8 2.8% 10 39.2% 98.6 <0.0001

PI-FD, postinfection functional dyspepsia.
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18.7%, 1*=96.7%, p<0.0001)'* 1925 26 2840435568 1 the OR
for PI-FD was 3.3 (95% CI 1.8 to 6.1; [*=58.7%, p=0.02),

when pooling data from 7 studies (online supplemental tables
4,5).1925 26284355 68

Persistence of PI-IBS and PI-FD over time
After an initial diagnosis of PI-IBS, IBS persisted in 49.8% (100
of 201) of subjects at 6~11 months follow-up in five studies
(95% CI 42.9% to 56.6%, I*=0%, p=0.93),5 34485960 {5 52,304
of subjects (125 of 239) at 1-4 years follow-up in three studies
(95% CI 39.2% to 65.2%, I*=0, p=0.19)**7°"" and in 39.8% of
subjects (187 of 471) at >5 years follow-up in four studies (95%
CI 33.5% to 46.2%, *=32.1%, p=0.22).7°7*73

The pooled persistence of FD could not be assessed with avail-

able data.

Risk factors for PI-IBS and PI-FD
We were able to assess risk factors for IBS in included
studies. Several factors, relating to the patient history or
to the features of the initial GI infection, increased the risk
of PI-IBS, including: female sex (OR 1.59, 95% CI 1.24to
2.04),10 15 16 18 25 27 33 39 4145 46 5154 56 58-60 pice e of anxiety (OR
3.58, 95% CI 2.07 to 6.19),'° %2 %* duration of diarrhoea >3
weeks (OR 2.58, 95% CI 1.45to 4.60)® 3! and hospitalisa-
tion (OR 1.65, 95% CI 1.21 to 2.23).'® % 3% Other subject and
infection characteristics were not significantly associated with
increased or decreased risk of PI-IBS, including: age >35 years
(OR 0.91, 95% CI 0.58 to 1.41)," "*** depression (OR 2.21,
95% CI 0.70 to 6.94),'° 25 use of antibiotics (OR 1.06, 95%
CI 0.74 to 1.52),% %7358 bloody stools (OR 1.30, 95% CI
0.98 to 1.73)'¢ #3538 and fever (OR 1.24, 95% CI 0.79 to
1.96),16 1825 35 4146 54 58

The assessment of risk factors for FD was not possible with
the available studies.

Prevalence and odds of PI-IBS according to the infectious
agent

Prevalence of PI-IBS was 10.7% (95% CI 6.3% to 16.0%;
*=95.5%, p<0.0001) for viral infections in 13 studies of 3585
individuals,'0 19262736 3740414344535966 18 304 for bacterial infec-
tions (95% CI 14.3% to 22.6%, 1°=94.7%, p<0.0001) in 20
studies of 7050 subjects!#16 25 28 29 34 35 39 46 49 5152 54-56 55 61 63 67
and 30.1% (95% CI 4.5% to 66.1%; 1*=97.3%, p<0.0001)
for parasitic infections in 2 studies with 779 subjects (online
supplemental figures 1-3 and table 3).°°® The ORs for PI-IBS in
individuals with a history of acute gastroenteritis versus controls
were, respectively, 4.8 for bacteria (95% CI 2.8 to 8.1) with
moderate heterogeneity (I’=63.8%, p=0.011)," 2° 28 294955 67

6.2 for viruses (95% CI 1.6 to 24.9) with high heterogeneity
(I’=82.7%, p<0.0001)'0 1726434433 4nd 5.5 for parasites (95%
CI 4.4 t0 6.9) without heterogeneity (I*=0%, p=0.7252). 8

The prevalence of PI-IBS was 17.2% after Proteobacteria
infection in 18 studies (95% CI 13.5% to 21.2%; 1*°=92.4%,
p<0.0001),14 1525 282934353946 5152 54-56 58 616367 41 1 16 204 after
Enterobacteriaceae infection in 10 studies (95% CI 11.6% to
21.5%; I*=85.1%, p<0.0001),'4 15 23 2829 3446 545867 The highest
prevalence of PI-IBS was observed after Campylobacter infection
(20.7%; 95% CI 13.7% to 28.6%; I*=95.9%, p<0.0001), as
reported in six studies.®* 375236163 The OR for developing PI-IBS
was 5.4 for Proteobacteria (95% CI 2.5 to 11.9, [*=69.7%,
p=0.0056)13228295567 314 4.3 for Enterobacteriaceae (95% CI 1.5
to 12.7, I=69.9%, p=0.0189)."% 2 27 When only subjects with
SARS-CoV-2 infection were evaluated, the prevalence of PI-IBS,
as reported in 12 studies and 3407 subjects, was 9.8% (95% CI
5.7% to 15.0%, ?=95.3%, p<0.0001),19 262736 374041434433 59 66
When data from case-control studies were pooled, individuals
with a history of SARS-CoV-2 infection had a fivefold increased
risk of developing PI-IBS compared with controls (OR 5.4; 95%
CI 1.2 t0 24.7, ’=78.7%, p=0.0009),17 26 43 4433

Prevalence and odds of PI-FD according to the infectious
agent

Prevalence of PI-FD was 13.6% (95% CI 4.8% to 26.0%,
=94.2%, p<0.0001) for bacterial infections (4 studies, 759
individuals)™* % 2 % and 10.0% (95% CI 2.3% to 23.6%;
[*=97.5%, p<0.0001) for SARS-CoV-2 infection (5 studies,
1269 subjects)’® 26 40 * ¢ (online supplemental figures 4,5, and
table 3). The prevalence of FD was higher than the overall pooled
prevalence after Enterobacteriaceae infections (19.4%; 95% CI
5.9% to 38.3%; 1°=93.3%, p<0.0001) in three studies.'* > 2
No data were available for parasites and other viruses besides
SARS-CoV-2. In case-control studies, the odds for FD were non-
significant for both bacteria (three studies, OR 3.8; 95% CI 0.98
to 14.68, 1’=69.5%, p=0.06)> ** > and SARS-CoV-2 (three
studies, OR 2.4, 95% CI 0.7 to 8.3, ’=44.1%, p=0.17).17 26 ¥

Prevalence of PI-IBS or PI-FD during longitudinal follow-up
This subanalysis is available in online supplemental material.

Overlap between PI-IBS and PI-FD
This subanalysis is available in online supplemental material.

Prevalence of PI-IBS or PI-FD based on Rome criteria
The prevalence of PI-IBS diagnosed with Rome I criteria was
15.3% (95% CI 8.8% to 23.1%, [2=96.3%, p<0.0001) in eight

Table 3  Subgroup analysis of PI-IBS and PI-FD based on the infectious agent

Prevalence
Taxa Events/Total exposed (%) 95% Cl 12 (%) Pvalue fory> OR 95% Cl 12 (%) P value for 2
PI-IBS
Bacteria 1375/7050 18.3 143%1022.6% 94.7 <0.0001 4.8 2.8108.1 63.8 0.011
Viruses 312/3585 10.7 6.3% to 16.0% 95.5 <0.0001 6.2 1.6 t0 24.9 82.7 <0.0001
Parasites 349/779 30.1 4.4% t0 66.1% 97.3 <0.0001 5.5 44106.9 0.0 0.7252
PI-FD
Bacteria 89/759 13.6 4.8% t0 26.0% 94.2 <0.0001 38 1.0t0 14.7 69.5 0.0376
Viruses 135/1269 10.5 23%1023.6%  97.5 <0.0001 24 0.7t0 8.3 441 0.1669

(SARS-CoV-2)

PI-FD, postinfection functional dyspepsia.
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studies (n=3197 subjects),' #3837 4548495263 45 detailed in table 1.

In the 12 studies (n=2373 subjects)!? 27 46 305155 60-6264 6567 ¢}y ¢
used the Rome II criteria, the prevalence of PI-IBS was 11.4%
(95% CI 9.3% to 13.6%, 1*=57.7%, p=0.0065). The highest
prevalence of PI-IBS (20.0%, 95% CI 12.0% 10 29.5%; I*=98.3%,
p<0.0001) was observed in 14 studies (n=5091 subjects) that
applied the Rome III criteria,'? 1 1925 28 34 35434754 56 68 69 (i iy
the 12 studies (n=3785 subjects)!® 26 2736 37 404144 33 58 3966 ¢}y ¢
used the Rome IV criteria it was 10.7% (95% CI 6.4% to 15.8%;
[*=95.4%, p<0.0001).

As detailed in table 2, the prevalence of PI-FD diagnosed with
Rome II criteria was 9.5% (95% CI 1.4% to 23.5%; I*=98%,
p<0.0001) in 5 studies and 1455 subjects,'* ** >3 ¢* ¢ while it
was 17.3% (95% CI 5.4% to 34.0%; 12=97.8%, p<0.0001)
when FD was defined according to Rome 1II criteria (4 studies,
1394 subjects)® *** ¢ and 12.5% (1.8% to 30.1%; 1*=98%,
p<0.0001) in 4 studies that used the Rome IV criteria (n=989
subjects). 19 26 4066

DISCUSSION

The pathophysiology of DGBI is poorly understood, and these
disorders are traditionally perceived by healthcare professionals
as being mostly psychological and less ‘valid’ diseases,”* with
a potential risk of underestimating patients’ expectations and
complaints.” However, a well-established body of evidence
supports a PI origin for a subset of patients with DGBL® 7® We
carried out a systematic review and meta-analysis to update
prevalence of PI-IBS and PI-FD, pooling together data from
47 studies and 28170 subjects. We also performed subgroup
analyses according to the microbial taxa responsible for the
acute gastroenteritis, the length of follow-up from the infection
episode and the criteria used for diagnosis, and assessed the
persistence of PI-IBS over time after the initial diagnosis.

In our study, the overall prevalence of PI-IBS was 14.5%, and
that of PI-FD was 12.7%. Our findings differ slightly from those
observed in previous meta-analyses, where, the overall preva-
lence of PI-IBS ranged from 17% in 2019*° and 11.5% in 2017,”
while the observed prevalence for PI-FD was 9.5% in 2014.° The
discrepancy between our results and previous experiences can be
explained by several factors. Our eligibility criteria differ from
those of the meta-analysis by Svendsen et al,*® which included
studies with <50 subjects and with a pre-existing diagnosis
of IBS, while we included larger cohorts of individuals, most
of which had not a previous diagnosis of IBS, except for one
study that was excluded in a sensitivity analysis. This approach,
together with the unprecedented inclusion of studies using Rome
IV criteria (that are stricter than previous iterations), may have
reduced the observed prevalence of PI-IBS in our study. More-
over, our study provided a considerable update of data compared
with previous meta-analyses from 20177 and 2014, as 18 of the
47 studies that we included (38%) were published after 2017.
The appearance of SARS-CoV-2 could also explain the discrep-
ancies, although a recent meta-analysis reported a 12% prev-
alence for IBS and 4% for FD after COVID-19,”” suggesting
that other infections may have contributed to this increase in
prevalence. In case-control studies, individuals with a history of
acute gastroenteritis had a fourfold higher odds of developing
IBS and a nearly threefold higher odds of developing FD than
controls, confirming previous data.” > Beyond this prevalence
analysis, we were also able to evaluate the persistence of symp-
toms in affected individuals after initial diagnosis, and observed
chronicity of PI-IBS in the long term, as it persisted in more than
half of diagnosed subjects at 1-5 years follow-up and in nearly

40% of them during longer follow-up. To our knowledge, this
question has not been addressed in previous meta-analyses.

Our results are relevant for healthcare systems, as acute
gastroenteritis is estimated to affect 179 million subjects/year
worldwide” 7 and infections may contribute to a consider-
able proportion of IBS cases.®’ #! Further observational studies
are unlikely to change the fact that acute enteric infection can
lead to the development of de novo GI symptoms compat-
ible with either IBS or FD. This suggests that the mechanisms
underlying the development of such symptoms are where future
research efforts should be directed. Nevertheless, our findings
are important conceptually, as they support the gradual switch
in envisioning DGBI from functional to organic disorders, as
microbial factors may be considered equally as important to
neuroimmune interactions.®?

When possible, based on available studies, we also evaluated
the prevalence and odds of developing PI-IBS or PI-FD according
to the microbial causative agents of acute gastroenteritis. As
previously reported,” parasites were most commonly associated
with PI-IBS, with a prevalence of nearly 30% and a greater than
fivefold increased odds compared with controls in available
studies. This observation has several possible biological expla-
nations, as parasitic infections can elicit the immune system,**
meaning they can trigger the immune pathways that underlie
IBS,% and are also detrimental for the gut microbiome.®
However, this finding should be taken with caution, as it derives
from a subanalysis of only two studies. In our study, nearly 18%
of individuals who experienced a bacterial acute gastroenteritis
developed IBS, with a nearly fivefold increased odds compared
with controls. Gram-negative bacteria were mainly responsible
for the development of PI-IBS, as the highest prevalence was
observed after Campylobacter infection, while Proteobacteria
and Enterobacteriaceae provided the highest odds, among
bacteria, for developing the disease.

These results arise only from a subgroup analysis, which
has limitations. However, it is also true that they reflect the
functional characteristics of these bacterial taxa, which have a
considerable proinflammatory potential®**® and are increased in
patients with IBS.*” Moreover, Campylobacter jejuni leads to a
marked impairment of the gut microbiome and altered recovery
after the infection in patients with PI-IBS.”® Viruses had the
lowest impact on PI-IBS, with a prevalence of almost 11%, but
with a sixfold increased odds, that derived mainly from case-
control studies of subjects with previous SARS-CoV-2 infection,
who had a nearly fivefold higher odds of developing IBS than
controls. These data differ from a previous meta-analysis where
19% and 4% of subjects developed PI-IBS after a viral infec-
tion, respectively, within and beyond 12 months from the infec-
tious event.” This discrepancy can be explained by the different
number of cohorts; 5 in the previous meta-analysis, compared
with 13 in our analysis, due mainly to studies reporting IBS after
SARS-CoV-2 infection.”

The prevalence of PI-FD after bacterial and SARS-CoV-2
infections were, respectively, 13.6% and 10.5%, slightly lower
than observed for IBS. Interestingly, Enterobacteriaceae yielded
a 19% prevalence suggesting that most aggressive strains can also
increase the risk of FD. However, when analysing case-control
studies assessing bacterial and SARS-CoV-2 infections, the ORs
were not significant in any case, probably due to the lower
number of studies. No data on the impact of parasites on FD
were available.

We also identified other risk factors significantly associated
with the development of PI-IBS, including patient-related factors,
such as female sex and history of anxiety, and infection-related
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factors, that is, diarrhoea >3 weeks and hospitalisation. Our
findings fit with the known higher prevalence of IBS in females
and in subjects with psychological comorbidities,® and by the
previous evidence that associates PI-IBS with the clinical severity
of gastroenteritis.”

In our meta-analysis, the prevalence of PI-IBS appeared
relatively stable in the first 12 months after the acute gastro-
enteritis episode, but with a considerable increase up to 25.5%
in individuals followed up for >12 months. The prevalence
of PI-FD varied similarly. Both IBS and FD are multifactorial
diseases, and several other factors, including dietary shifts or
stressful events, can emerge after the microbiome disruption
and the immune triggering, and contribute to the pathogenesis
of the disease. However, the longer the time distance between
the episode of acute gastroenteritis and the diagnosis of IBS
or FD, the weaker the pathophysiological correlation with the
infection. Finally, the prevalence of PI-IBS and PI-FD varied
according to different Rome criteria. In our study, the lowest
prevalence of PI-IBS was observed with the Rome IV criteria,
which are stricter than their predecessors, while the Rome III
criteria, which are more inclusive and sensitive, were associated
with the highest prevalence of both PI-IBS and PI-FD.’* ** Our
findings confirm previous data,®® although we did not observe
a significant difference between the two prevalence rates,
possibly due to the heterogeneity of different cohorts. The
heterogeneity of cohorts, as well as the considerable number
of new studies in our meta-analysis may also explain the slight
differences in prevalence of IBS subtypes between our study
and previous meta-analyses. For example, Klem et al found a
higher prevalence of IBS-M than IBS-D (46% (95% CI 31% to
629) vs 40% (95% CI 25% to 57%), respectively),” whereas in
our study the prevalence of IBS-D was 46.1%, compared with
38.5% for IBS-M.

With 47 studies and 28 170 subjects, this is the largest meta-
analysis to evaluate the prevalence of PI-IBS and PI-FD after
acute gastroenteritis, to our knowledge, to date. We have updated
previous meta-analyses on PI-IBS and PI-FD after 4 years** and
8 years,” respectively, also adding data concerning previously
unknown microbes, such as SARS-CoV-2. However, our study
has some limitations. First, we found moderate to high hetero-
geneity in most of our analyses. This may be partly explained by
differences in study design, definitions of IBS and FD, sample
sizes and length of follow-up of eligible studies. We tried to miti-
gate this by defining precise eligibility criteria and performing
multiple subgroup analyses, and most studies were of high
quality. However, the degree of heterogeneity was not lessened
in many of our sensitivity analyses, although this is similar to the
heterogeneity observed in the previous meta-analysis by Klem
et al.” Second, most studies included in our analysis came from
Western populations, with limited data available from areas with
a high prevalence of acute gastroenteritis, such as the Asia-Pacific
region and Africa.*® Another limitation is the lack of microbi-
ological evidence of gastroenteritis in several studies, which
prevented a clear assessment of the microbial strains involved in
PI-IBS and PI-FD. Finally, we have only limited data on specific
pathogens, such as parasites.

In conclusion, our findings provide an update to the epidemi-
ology of PI-IBS and PI-FD and of the likelihood of developing
them after acute gastroenteritis, together with an unprecedented
evaluation of IBS persistence over time after initial diagnosis that
suggests a stable chronicisation of the disease in affected individ-
uals. Moreover, our data suggest that infections from proinflam-
matory taxa, that is, Proteobacteria, and SARS-CoV-2, may be
associated with PI-IBS and PI-FD.
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