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Following acute gastroenteritis (AGE) due to bacteria, viruses, or protozoa, a subset of patients
develop new onset Rome criteria positive irritable bowel syndrome (IBS), called postinfection IBS
(PI-IBS). The pooled prevalence of PI-IBS following AGE was 11.5%. PI-IBS is the best natural
model that suggests that a subset of patients with IBS may have an organic basis. Several factors
are associated with a greater risk of development of PI-IBS following AGE including female sex,
younger age, smoking, severity of AGE, abdominal pain, bleeding per rectum, treatment with an-
tibiotics, anxiety, depression, somatization, neuroticism, recent adverse life events, hypochondri-
asis, extroversion, negative iliness beliefs, history of stress, sleep disturbance, and family history
of functional gastrointestinal disorders (FGIDs), currently called disorder of gut-brain interaction.
Most patients with PI-IBS present with either diarrhea-predominant IBS or the mixed subtype of
IBS, and overlap with other FGIDs, such as functional dyspepsia is common. The drugs used to
treat non-constipation IBS may also be useful in PI-IBS treatment. Since randomized controlled
trials on the efficacy of drugs to treat PI-IBS are rare, more studies are needed on this issue. (Gut

Liver 2022;16:331-340)
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INTRODUCTION

Functional gastrointestinal disorders (FGIDs), includ-
ing irritable bowel syndrome (IBS), are common condi-
tions globally, both in the community and in clinical
practice.' IBS is associated with significant impairment in
quality of life, work productivity, psychological comorbid-
ity, health-care utilization, and economic consequences.’
The pathogenesis of IBS is enigmatic.’ There has been a
paradigm shift recently on the pathogenesis of IBS from
psychosomatic disorder to micro-organic condition.” The
Rome Foundation experts recognize this in the Rome IV
criteria for IBS published in 2016 in which IBS has been
considered to be a disorder of “gut-brain interaction”
rather than “brain-gut interaction” Of the several pieces
of evidence behind considering IBS to be a micro-organic
disorder, the development of the condition following an
infectious illness, called postinfection IBS (PI-IBS), is the
most important one.***

PI-IBS is diagnosed when new onset Rome-criteria
positive IBS develops in an individual after acute gastroen-

teritis (AGE) characterized by one or more of the follow-
ing features, (1) diarrhea, (2) vomiting, (3) fever, and (4) a
positive stool culture.” However, these criteria may need to
be modified considering the suggestion that the patients
with coronavirus disease-19 (COVID-19), which may
not always be associated with diarrhea, may also develop
PI-IBS.””® The pathogenesis of PI-IBS is multifactorial, in-
cluding the agent, host, and host-agent interaction-related
factors.'’ The current manuscript plans to review the (1)
epidemiology, including risk factors, (2) etiology and
pathogenesis, (3) clinical presentation, (4) investigations,
(5) management, and (6) prognosis of PI-IBS. It also sum-
marizes the future direction on the subject.

EPIDEMIOLOGY OF PI-IBS

1. Frequency of development of PI-IBS after AGE

As shown in Table 1, based on data from 29 studies, 3.7%
to 85.5% of subjects with AGE due to different causes de-
veloped PI-IBS;'** this incidence rates were much higher
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than the development of IBS among the control population
in 16 studies (0.3% to 23.3%)."’ In a recent meta-analysis,
the pooled prevalence of PI-IBS was 11.5% (2,217/21,421;
95% confidence interval, 8.2 to 15.8); the prevalence was
comparable in the studies reporting prevalence at 3, 6, 12,
13-59, or >60 months after AGE." Wide variations in PI-
IBS prevalence in different studies are related, at least in
part, to the difference in the frequency of various risk fac-
tors for PI-IBS development in the diverse patient popula-
tion.

2. Risk factors for PI-IBS

Multiple factors have been identified to be associated
with a greater risk of developing PI-IBS following AGE.
The risk factors for the development of PI-IBS include fe-
male sex, younger age, smoking, severity of AGE (including
stool frequency and diarrhea duration longer than 1 week),
abdominal pain, bleeding per rectum, treatment with an-
tibiotics, anxiety, depression, somatization, neuroticism,
recent adverse life events, hypochondriasis, extroversion,
negative illness beliefs, history of stress, sleep disturbance,
and family history of FGIDs.'****
found that the patients who continued to have lower and
upper gastrointestinal (GI) symptoms referred to as chron-
ic bowel dysfunction and dyspeptic symptoms during the
initial period of follow-up after AGE were more likely to
develop IBS and functional dyspepsia after the 6-month
cutoff time point, which is required to diagnose these con-
ditions as per the Rome criteria.”*"!

In a Canadian study on PI-IBS, the authors developed
and validated a risk score.” For the risk score develop-
ment, the authors used the risk factors mentioned above,
including the demographic and psychological parameters
and AGE-related parameters. In addition, they used weight
loss of at least 10 lbs (4.5 kg) as one of the parameters. The
authors found that if the score was low (score <42), 10%
developed PI-IBS. In the intermediate (43—68) and high
(>69) score groups, 35% and 60% of AGE patients devel-
oped PI-IBS, respectively.” This scoring system was vali-
dated in an Indian cohort, which showed that with a cutoff
value of >50, the sensitivity and specificity of the score to
predict the development of PI-IBS at 6-month follow-up

In one of our studies, we

Table 2. Case-Control Studies on PI-IBS Following AGE Due to Viruses

were 91.4% and 84.2%, respectively.” Since the different
cohorts of AGE patients reported are pretty heterogeneous
concerning the above risk factors and the types of the
organism causing the gastroenteritis episodes, the wide
variation in the prevalence of PI-IBS ranging from 3.7% to
85.5% following AGE is not unexpected."

ETIOLOGY AND PATHOGENESIS

1. Infections that are known to be followed by PI-IBS

As shown in Table 1, infection with bacterial, viral,
and protozoal agents causing AGE has been reported to
be followed by PI-IBS."* Among bacteria, infection with
organisms causing dysentery such as Shigella is more likely
to result in PI-IBS than others." However, recently, even
bacterial pathogens that conventionally do not invade the
gut mucosa, such as Vibrio cholerae are also shown to
cause PI-IBS.** Protozoal agents such as Giardia lamblia
have been associated with PI-IBS development with a high
frequency.'** However, it is essential to mention that most
PI-IBS studies following protozoal infection have been re-
ported from two countries: Norway and Turkey.*"” In some
of these studies, a negative result on stool microscopy dur-
ing follow-up was considered to denote eradication of giar-
diasis.”*” However, it is well-known that the properly per-
formed stool microscopy detect Giardia only in two-thirds
of patients.” Hence, some of these patients diagnosed with
PI-IBS following Giardia infection might be suffering from
chronic giardiasis. Since chronic giardiasis is known to
cause malabsorption syndrome and chronic diarrhea,” and
PI-IBS is often diarrhea-predominant type, there might be
diagnostic confusion between chronic giardiasis and PI-
IBS. More adequately designed studies are needed on this
issue.

PI-IBS less commonly follows viral diarrhea. As shown
in Table 2, in the four case-control studies on PI-IBS fol-
lowing viral diarrhea, 0.4% to 12.5% of patients following
viral diarrhea developed PI-IBS;****** however, the fre-
quency among viral diarrhea patients was greater than that
among the controls. The low frequency of PI-IBS in pa-
tients with viral diarrhea is expected; viral agents causing

Study (year) No. of AGE patients  PI-IBS in AGE patients, No. (%) No. of controls PI-IBS in controls, No. (%)
Porter et al. (2012) 1,718 7(0.4) 6,875 42(0.6)
Zanini et al. (2012)” 178 14(7.8) 198 3(1.5)
Saps et al. (2009)* A 4(9.1) 4t 2 (4.5)
Marshall et al. (2007) 87 11(12.5) 29 3(10.3)
Total 2,027 36(1.7) 7,146 50 (0.6)

PI-IBS, postinfection irritable bowel syndrome; AGE, acute gastroenteritis.
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AGE are somewhat less invasive than bacterial agents such
as Shigella.

An important issue is whether infection with severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
an RNA virus, originating from the Wuhan city, China,
in December 2019, resulting in the devastating pandemic
of COVID-19, can cause PI-FGIDs?” This is not entirely
unexpected as angiotensin-converting enzyme-2 (ACE-2)
receptors, the binding site of SARS-CoV-2, are also present
in intestinal epithelial cells; the virus has been detected in
feces in about half of the patients, GI symptoms, including
diarrhea occur in about one-fifth of patients, fecal calpro-
tectin, a marker of GI inflammation, and mucosal sero-
tonin are raised in patients with COVID-19, macroscopic
as well as histological evidence of GI mucosal injury occur
in them, and gut microbiota dysbiosis has been shown to
occur in patients with COVID-19.”>*°
SARS-CoV-2 virus has an affinity to involve central and
peripheral nervous systems as evidenced by anosmia and
ageusia occurrence in 15% to 30% of patients and autopsy
findings of marked inflammation of olfactory bulb, cere-

Moreover, the

\\ 1 Permeability

*+ Serotonin

Immune activation
cell death

t Central hyperwgllance due to
psychological distress

Autonomic imbalance due to
hypothalamic & brainstem inflammation

Involvement of enteric nerves - 7

brum, and brainstem.’** Patients with COVID-19 have
also been shown to increased intestinal permeability.*
Moreover, the psychological stress due to the COVID-19
pandemic may be associated with central hypervigilance.”
Fig. 1 summarizes all these putative pathophysiological
mechanisms, which may be related to the development
of post-COVID-19 FGIDs. Though based on these po-
tential pathophysiological mechanisms, we hypothesized
on a possibility of an inevitable surge of post-COVID-19
FGIDs; it is yet to be proved by a published study.

2. Pathogenesis of PI-IBS

The pathogenesis of PI-IBS involves agent, host, and
host-agent interaction-related factors. As shown in Tables
1 and 2, the reported frequency of PI-IBS development
is highest with protozoa, intermediate with bacteria, and
lowest with the viral agents."® Several host factors interplay

with the infectious agent leading to protracted long-term
inflammation of the gut, which might be compounded by
inadequate T regulatory responses controlling the inflam-
mation."’

Chronic inflammation and altered intestinal

Complete
recovery

V

{

()

o/
Gut microbioia dysbiosis

coN-2

SRS

t Fecal calprotectin
Gl symptoms

\

Post-COVID-
19 FGID

Fig. 1. Putative pathophysiological mechanism of post-coronavirus disease 2019 (COVID-19) functional gastrointestinal disorders (FGIDs), currently
called disorders of the gut-brain interaction (DGBI). Severe acute respiratory distress syndrome coronavirus-2 (SARS-CoV-2) affects the gastroin-
testinal (Gl tract after entering via the angiotensin-converting enzyme-2 (ACE-2) receptor, which leads to immune activation (including increase in
inflammatory markers such as interleukin-6 [IL-6]), damage to intestinal mucosa associated with Gl symptoms, the presence of SARS-CoV-2 ri-
bonucleic acid in feces, abnormal intestinal permeability, increased fecal calprotectin, increased mucosal serotonin, and gut microbiota dysbiosis.
Increased visceral sensitivity at the gut level due to enteric nervous system involvement and at the central level due to psychological stress may

contribute to the development of post-COVID-19 FGIDs/DGBI.
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permeability have been shown in patients with diarrhea-
predominant IBS (IBS-D), including PI-IBS." In a case-
control study in a cohort of 21 AGE patients due to Cam-
pylobacter and 12 controls, enteroendocrine cells, CD3,
CD4, and CD8 lymphocyte counts in lamina propria and
intraepithelial lymphocytes and small intestinal permeabil-
ity were increased in PI-IBS patients than the controls.”
In a recent systematic review and meta-analysis, small
intestinal permeability was more often abnormal among
patients with PI-IBS (4/4 studies) and IBS-D (9/13 studies)
than those with constipation-predominant IBS (IBS-C; 2/7
studies).” Lack of down-regulation in the inflammatory
response following acute GI infection contributes to the
development of PI-IBS. In a study on eight PI-IBS patients,
seven with AGE not developing PI-IBS and 18 healthy
controls, the patients with PI-IBS exhibited increased in-
flammatory cell infiltrate and higher levels of interleukin
(IL)-1PB (a pro-inflammatory cytokine) mRNA in rectal bi-
opsies by reverse transcriptase-polymerase chain reaction
even 3 months after AGE compared to the other groups.”
PI-IBS patients have also been shown to have increased
levels of peripheral IL-6, pleiotropic cytokine activating
inflammatory nuclear factor (NF)-kB transcription path-
way, compared to the healthy controls.”"** Host factors
are essential determinant of the protracted inflammatory
response following GI infection. Polymorphisms in several
pro- and anti-inflammatory cytokine genes increasing and
decreasing their responses, respectively, have been shown
to play an important role. The Canadian Walkerton cohort
polymorphism study revealed a trend towards an associa-
tion between single nucleotide polymorphisms in the gene
involved in the immune and gut epithelial barrier path-
ways located in TLR9 (encoding pattern recognition recep-
tor [rs352139 and P545P]) and CDHI1 (encoding a tight
junction protein [rs16260, -C160A], and IL-6 (rs1800795,
-G174C) and development of PI-IBS.” In another study,
TNF alpha polymorphism was associated with PI-IBS fol-
lowing Campylobacter jejuni infection.”* We found that
patients with IBS-D and PI-IBS had higher rectal mucosal
serotonin and polymorphism in the serotonin re-uptake
protein gene than controls.”

Gut microbiota dysbiosis is another crucial contributor
to the development of PI-IBS. Gut microbiota gets altered
during the acute phase in patients with AGE* that may last
long after the AGE episode.”” PI-IBS patients have been
shown to have unique gut microbiota signature compared
to the other IBS patients.”® De Palma et al.* successfully
colonized mice with fecal microbiota either from IBS-D
patients or healthy subjects; the mice receiving microbiota
from IBS-D patients as opposed to those receiving from
healthy subjects developed IBS phenotypes such as altera-

tion in gut transit, anxiety-like behavior, abnormal intes-
tinal permeability, higher CD3 positive cells in intestinal
crypts, C3, CXR3, NF-kB, and 3 defensin. Gut microbiota
in patients with IBS has been shown to have reduced diver-
sity akin to patients with non-PI-IBS.” Relatively greater
abundances of microbes of Bacteroidetes phylum (includ-
ing Bacteroides and Prevotella) and a relative reduction
in those of the phylum Firmicutes such as Clostridia are
shown in patients with PI-IBS than controls.” However,
more data are needed to evaluate whether such alterations
in the gut microbiota are the causes or effects of AGE and
PI-IBS; these patients might have modified their diet,
received antibiotics, and altered gut motility, which are
known to alter the gut microbiota.”””*
microbiota influences gut motility, visceral hypersensitiv-
ity, immune response, psychological dysfunction, sleep
disturbances, serotonin, and bile acid metabolism, which
are associated with FGIDs, including IBS, the role of gut
microbiota dysbiosis in the pathogenesis of PI-IBS cannot
be over-estimated.”””

However, since gut

3. Clinical presentation and diagnosis of PI-IBS

The criteria laid down by the Rome Foundation Work-
ing Team on PI-IBS suggest that this condition should be
diagnosed when new onset Rome-criteria positive IBS
develops in an individual after AGE characterized by two
or more of the following features; diarrhea, vomiting, and
fever (when stool culture is not available).® However, it is
essential to note that though the Rome Foundation Work-
ing Team on PI-IBS suggested using Rome IV criteria
for diagnosis of PI-IBS, considering the low sensitivity of
Rome IV criteria compared to the Rome III criteria to di-
agnose IBS,"” the latter criteria may also be acceptable.

As Rome criteria require that the symptoms must have
started at least 6-month before and the patients must be
symptomatic during the last 3 months, many patients
continuing to fulfill the Rome criteria for IBS following
AGE would not be diagnosed as IBS unless they wait for 6
months to meet the criteria.***' Hence, we proposed that if
the symptoms of IBS are present during the follow-up after
AGE, but the subjects did not fulfill the duration criteria
suggested by the Rome Foundation, the condition be called
chronic bowel dysfunc:tion,32 which the Rome Foundation
Working Team has accepted.’

An essential clinical clue to the possibility of PI-IBS
comes from the targeted question to the patients “When
did the symptom start?” If the patient recalls the date or
month, the clinicians should be alert about the possibility
of PI-IBS. Most patients with PI-IBS have either IBS-D or
mixed type of IBS.” PI-IBS may have other overlapping
FGIDs. In one of our earlier studies, of 66 of 345 AGE

https://doi.org/10.5009/gnl210208 335
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patients developing PI-FGIDs, 16 (24%) had overlapping
functional dyspepsia.”’ Patients may also have other extra-
GI symptoms such as psychological comorbidity, sleep
dysfunction similar to the other non-PI-IBS.

INVESTIGATIONS FOR PATIENTS WITH PI-IBS

The investigations in patients with PI-IBS include rou-
tine hematology, blood biochemistry, C-reactive protein,
fecal calprotectin, and stool microscopy to look for proto-
zoa, such as Giardia.” However, it is essential to mention
that in the presence of severe symptoms, significant weight
loss, anorexia, local epidemiology, and the other clinical
clues (based even on the results of the initial tests), investi-
gations to rule out other causes of chronic diarrhea such as
celiac disease, tropical sprue, microscopic and collagenous

Drugs found effective
/not effective on RCT

e 5-ASA

e Dietary glutamine
o Prednisolone

o Rifaximin

Postinfection irritable
bowel syndrome

colitis, and inflammatory bowel disease are warranted.’
Since about one-tenth of patients with Rome-criteria de-
fined, PI-IBS may have post-infectious malabsorption syn-
drome (tropical sprue) in tropical countries and visitors to
these endemic regions, the investigations for tropical sprue
should be undertaken if clinically indicated.” PI-IBS and
tropical sprue are spectrum disorders. The investigations
for tropical sprue include D-xylose test, fecal fat excretion,
serum vitamin B, estimation, and endoscopic duodenal
biopsy.” Since a third of patients with tropical sprue and
about a fifth of patients with IBS-D have small intestinal
bacterial overgrowth (SIBO), a glucose hydrogen breath
test may be done as a specialized investigation to diagnose
SIBO in patients with PI-IBS.”*”® Pimentel’s group found
that anti-cytolethal distending toxin B and anti-vinculin
antibodies are helpful in diagnosing IBS-D in general
and PI-IBS, in particular among patients with diarrhea.”

Drugs useful in IBS-D, but not yet
tested for PI-IBS

o Ramosetron

o Ondansetron

o Alosetron

o Loperamide/diphenoxylate
o Eluxadoline

o Cholestyramine/colesevelam
o Probiotics

o Fiber supplement

o Visceral neuromodulators

Fig. 2. Potentially useful drugs in the treatment of PI-IBS. In the light green box, the drugs that have been evaluated in RCTs are listed (filled green
circles indicate the drugs that were found to be effective in the RCTs, and empty red circles show those that were found to be ineffective). The pink
box lists the drugs that were found to be effective in diarrhea-predominant IBS but have not yet been evaluated in PI-IBS.

5-ASA, 5-aminosalicylic acid; RCT, randomized controlled trial; IBS, irritable bowel syndrome; IBS-D, diarrhea-predominant IBS; PI-IBS, postin-

fection IBS.

Table 3. Drugs (Including the Dosages) Used in the Treatment of Diarrhea-Predominant Irritable Bowel Syndrome (IBS) That May Also Be Useful in

Postinfection IBS

Drug class

Agents

Dose

Opiates Loperamide
Diphenoxylate
Eluxadoline
Cholestyramine
Colestipol
Colesevelam
Obeticholic acid
Alosetron
Ondansetron
Ramosetron

Bile acid modulators

5HT-3 receptor antagonists

Gut microbiota manipulators

Probiotics
Antibiotics Rifaximin
Fiber supplements Calcium polycarbophil
Psyllium
Pectin

2-4 mg, 4 times per day
2.5-5mg, 4 times per day

100 mg twice daily

4 g daily or up to 4 times per day
4 g daily or up to 4 times per day
1,875 mg up to twice daily

25 mg per day

0.5-1 mg twice daily

2-8 mg twice daily

5 pg per day

Lactobacillus sp., Saccharomyces boulardii

550 mg thrice daily for 14 days
5-10 g daily

10-20 g daily

2 Capsules daily before meal
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Hence, these may be helpful in diagnosis in selected pa-
tients.

TREATMENT AND PROGNOSIS OF PI-IBS

The data on the treatment of PI-IBS are scanty. Hence,
currently, these patients are treated in the same way as any
IBS-D patient.®” Fig. 2 outlines the drugs which have been
found useful or not in the treatment of PI-IBS and the
drugs that have been established in the treatment of IBS-
D but have not been evaluated for PI-IBS.*”* The name
of drugs for the treatment of IBS-D and their dosages are
summarized in Table 3. Though 5-aminosalicylic acid
was not found useful in IBS-D in randomized controlled
trials, it benefited the subset of patients with PI-IBS.” In
a randomized controlled trial from China, dietary gluta-
mine was found useful in PI-IBS patients.*” Prednisolone
and rifaximin were not found useful in PI-IBS.""* How-
ever, the rifaximin study had several limitations, such as
a small sample size, low dose of rifaximin (550 mg twice
daily), and use of early peak-criteria on lactulose hydrogen
breath test for diagnosis of SIBO, which is known to have
poor specificity.”” Since restriction of fermentable oligo-
di-mono-saccharide and polyol (FODMAP) diet has been
shown helpful in IBS, it is also expected to help patients
with PI-IBS.””** However, there is no study yet on the low
FODMAP diet in the management of PI-IBS. Visceral neu-
romodulators, particularly the tricyclic anti-depressants,
are expected to be helpful in the management of PI-IBS as
these tend to reduce diarrhea by their anticholinergic activ-
ity.””* However, no study has been conducted on this issue
in patients with PI-IBS. Since other subtypes of IBS such
as mixed IBS and even rarely constipation-predominant
IBS may occur after AGE, the management of different
subtypes of IBS may also be applicable in patients with PI-
IBS.*"

The studies showed that the prognosis of PI-IBS pa-
tients is generally good as almost half of them recover dur-
ing the long-term follow-up.*”*® A Korean study showed
that though the rates of IBS increased till 3-year, it reduced
thereafter. Among the PI-IBS patients, post-viral PI-IBS is
more often transient than post-bacterial IBS.”

CONCLUSION AND FUTURE DIRECTIONS

PI-IBS is a disorder of gut-brain interaction (previously
called FGID), which undoubtedly proved that some pa-
tients with FGIDs are not entirely functional.* PI-IBS may
occur following bacterial, protozoal, and viral AGE." Two

recent studies, one from Bangladesh and the other from
India showed that cholera may be followed by the devel-
opment of PI-IBS.*** A pooled prevalence of PI-IBS was
11.5% after an episode of AGE." Most patients with PI-IBS
either present as IBS-D or mixed subtype of IBS.” Overlap
of PI-IBS with other FGIDs, mainly, functional dyspepsia
is common.” One-fifth of patients with Rome criteria
positive PI-IBS may have PI-malabsorption, popularly
known as tropical sprue.” It is believed that the develop-
ment of PI-IBS may follow COVID-19.” However, studies
are urgently needed to evaluate the frequency, spectrum,
and risk factors for the development of PI-IBS, if any, fol-
lowing COVID-19. Since most patients with PI-IBS pres-
ents with the non-constipation type of IBS, the drugs used
to treat non-constipation IBS may also be useful in PI-IBS
treatment. However, most of these drugs have not been
evaluated for the treatment of IBS. Of the four drugs evalu-
ated by randomized controlled trial, prednisolone and
rifaximin were found ineffective in PI-IBS treatment.’*
Dietary glutamine was found useful in the treatment of PI-
IBS in a Chinese study.” 5-Aminosalicylic acid undergoing
randomized controlled trial was not found useful in IBS-
D patients.” However, in the subgroup of patients with
PI-IBS, 5-aminosalicylic acid was found useful in IBS-D
patients.” More studies are needed to evaluate the efficacy
of various drugs in the treatment of PI-IBS.
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