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Abstract A newly recognized causative factor in a subset

of patients with irritable bowel syndrome (IBS) is called

post-infectious IBS (PI-IBS). IBS symptoms frequently

develop after an acute episode of infectious gastroenteritis.

Several studies have been made in our understanding of the

concept of PI-IBS. Recent studies suggest that transient or

chronic gastrointestinal inflammation may play a role in

IBS pathogenesis. PI-IBS can be regarded as a natural

experiment model in which an insult in the form of an

infective disease impacts on subjects with underlying

genetic and psychosocial predispositions who then develop

IBS. IBS is likely to be a complex trait wherein variability

in clinical presentation is partially explained by heteroge-

neity in underlying genetic and environmental risk factors

for PI-IBS. Further studies on PI-IBS are needed to

understand the pathophysiology of functional gastrointes-

tinal disorders and to develop new promising management

for such patients.
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Introduction

One of major functional gastrointestinal disorders (FGIDs),

irritable bowel syndrome (IBS), is defined as a gastroin-

testinal disorder in which abdominal pain or discomfort is

associated with defecation or a change in bowel habit, and

with features of disordered defecation, for which there is no

apparent structural basis [1]. The prevalence of IBS is

10–20 % and most studies indicate a female predominance

in Western and Eastern countries [1, 2].

Bowel habit subtypes in IBS are based on dominant

stool consistency according to current Rome III diagnostic

criteria [3]. IBS with diarrhea (IBS-D) is classified by loose

(mushy) or watery stools (i.e., Bristol Stool Form Scale

1–2, Table 1)[25 % and hard or lumpy stool (i.e., Bristol

Stool Form Scale 6–7, Table 1) \25 % of bowel move-

ments. On the other hand, IBS with constipation (IBS-C) is

classified by hard or lumpy stool (i.e., Bristol Stool Form

Scale 6–7, Table 1) [25 % and loose (mushy) or watery

stools (i.e., Bristol Stool Form Scale 1–2, Table 1) \25 %

of bowel movements. The classification system has been

important especially in clinical trials, where a positive

effect could be expected only in subgroups of patients [3].

However, the bowel habits in IBS patients show consid-

erable inter- and intra-individual variability.

A newly recognized causative factor in a subset of IBS

patients is post-infectious IBS (PI-IBS). Subjects diagnosed

with IBS are more likely to have an episode of infectious

gastroenteritis compared to non-IBS subjects [4]. IBS

symptoms frequently develop after an acute episode of

infectious gastroenteritis [5]. In the current article, associ-

ations between infectious gastroenteritis and functional

(non-organic) gastrointestinal disorders, especially IBS, are

discussed, focusing on the new concept of PI-IBS.

Epidemiology of PI-IBS

It has been apparent for decades that patients who develop

infectious gastroenteritis are at an increased risk for FGIDs.
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In 1962, Chaudhary and Truelove [6] reported that 34 of

130 IBS patients had an episode of history of dysentery

with severe diarrhea. Despite this evidence, the potential

relationship between infectious gastroenteritis and IBS was

neglected until the past decade. Since then, several studies

have been made in our understanding of the concept of PI-

IBS in Western and Eastern countries [5].

Recent studies suggest that transient or chronic gastro-

intestinal inflammation may play a role in IBS pathogen-

esis. PI-IBS is defined as the acute onset of new IBS

symptoms in an individual who has not previously met the

Rome criteria for IBS, immediately following an acute

illness characterized by C2 of the following—fever,

vomiting, diarrhea, or a positive bacterial stool culture

(Table 2) [5]. The majority (approximately two-thirds) of

cases of PI-IBS meet the Rome criteria for IBS-D [7].

The incidence of PI-IBS has been reported to vary

between 3.7 % and 36 % [5]. A meta-analysis investigated

eight studies revealed that the median incidence of IBS in

all patients with a previous episode of infectious gastro-

enteritis was 9.8 % (median duration of follow-up was 9

months), whereas the incidence was 1.2 % in control

subjects [8]. Recently, a significant association between

FGIDs and infectious gastroenteritis was identified using

medical encounter data from the US military [9]. The risk

for functional diarrhea was most clearly elevated (odds

ratio 6.28) and the risk of IBS was following (odds ratio

3.72). The risk of functional constipation and functional

dyspepsia showed moderate associations (odds ratio 2.15

and 2.39, respectively). Therefore, subjects who had an

episode of infectious gastroenteritis have a significantly

increased risk for developing not only IBS but also the

other functional gastrointestinal disorders compared to

uninfected subjects.

Risk factors and pathophysiology of PI-IBS

A number of risk factors have been identified for PI-IBS

(Table 3). It has been investigated that biologic risk factors

for persistent of IBS after an episode of bacterial gastro-

enteritis were female gender; existence of abdominal pain,

fever, or bloody stools during the acute infection; diarrhea

[6 days; and a peak stool frequency [10/day [10]. Tha-

bane et al. [11] confirmed important predictors for devel-

opment of PI-IBS using the risk model. In another study,

smoking was also found to be a risk factor of PI-IBS [12].

Interestingly, older age ([60 years) appears to be associ-

ated with a protective effect [13]. Specific pathogens may

also influence the risk of developing PI-IBS. Infection due

to Campylobacter or Shigella species may induce more

severe mucosal damage in the gastrointestinal tract and

may lead to longer duration of acute illness compared with

infection due to Salmonella species [13]. Recently, it has

been reported that viral gastroenteritis due to norovirus

infection leads to the development of IBS in a substantial

proportion of patients, which is similar to that reported

after bacterial gastroenteritis [14]. Although biological

factors are certainly important in the genesis of PI-IBS,

psychological factors may also play an important role. It

has been confirmed that pre-existing anxiety or depression,

hypochondriasis, or adverse life events in the previous year

Table 2 Definition of post-infectious IBS (reference [5])

1. Acute onset of new IBS symptoms after an episode of acute

infectious gastroenteritis

2. Following an acute illness characterized by C2 of the following:

(a) Fever

(b) Vomiting

(c) Diarrhea

(d) A positive stool culture

Table 3 Risk factors for post-infectious IBS

1. Female gender

2. Younger age

3. Severity of the gastrointestinal insult during acute infection

(a) Persistent diarrhea

(b) Peak stool frequency

(c) Abdominal pain

(d) Bloody stools

(e) Fever

(f) Body weight loss

(g) Infection with Campylobacter or Shigella species

4. Psychosocial factors

(a) Anxiety

(b) Depression

(c) Somatization

(d) Adverse life events

5. Smoking

6. Gene variant (TLR9, IL6, CDH1)

Table 1 The Bristol Stool Form Scale (reference [3])

Type Description

1 Separate hard lumps like nuts (difficult to pass)

2 Sausage shaped but lumpy

3 Like a sausage but with cracks on its surface

4 Like a sausage or snake, smooth and soft

5 Soft blobs with clear-cut edges (passed easily)

6 Fluffy pieces with ragged edges, a mushy stool

7 Watery, no solid pieces
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was a strong risk for development of PI-IBS [10, 15]. There

is a clear episode in time and well-defined pathological

changes in the gut before the onset in patients who are

considered to be PI-IBS. Therefore, PI-IBS can be regarded

as a natural experiment model in which an insult in the

form of an infective disease impacts on subjects with

underlying genetic and psychosocial predispositions who

then develops IBS.

Gut mucosal changes and increased intestinal

permeability in PI-IBS

Although endoscopic mucosal findings or conventional

histological examinations of mucosal biopsy in patients

with IBS show no abnormality, some of mucosal changes

have been observed when detailed quantification is per-

formed. Current evidence for PI-IBS suggests the persis-

tence of mucosal microscopic inflammation in the gut from

patients who go on to develop persistent IBS symptoms.

Spiller et al. [16] found patients who develop PI-IBS show

increased numbers of lymphocytes, T lymphocytes, and

macrophages in various compartments of the small bowel

and colon. Others have reported an increased number of

mast cells in the terminal ileum of these patients [17]. It has

been proposed that inflammatory mediators produced by

mast cells (e.g., histamine, proteases and serotonin) and T

cells (e.g., cytokines) affect enteric and extrinsic nerves as

well as smooth muscle activity leading to bowel habit

changes and abdominal pain [18]. Furthermore, it has been

investigated that serine protease release by luminal bacteria

or mucosal mast cells, which are increased in IBS-D could

result from increased membrane permeability and pain

sensitivity via protease-activated receptor 2 (PAR-2) [19].

Another important abnormality was detected in PI-IBS that

relates to increased numbers of serotonin-containing

enterochromaffin (EC) cells [7]. Serotonin (5-HT) recep-

tors in the gut, especially subtypes of 5-HT3 and 5-HT4

receptors, are considered to play an important role on

gastrointestinal motility, pain sensitivity and membrane

permeability, and the efficacy of some serotonin receptor

modulators has been investigated in patients with IBS [20].

It has been demonstrated that increases in both inflamma-

tory cells and enteroendocrine cells (e.g., EC cells) were

found in patients with PI-IBS. There was a good correlation

between numbers of inflammatory cells and enteroendo-

crine cells [16], suggesting that cytokines might drive

enteroendocrine hyperplasia.

Patients with PI-IBS demonstrate increased small intes-

tinal permeability compared to non-IBS controls, suggest-

ing a defect in epithelial integrity that might promote

intestinal inflammation [16]. Increased intestinal perme-

ability can promote inflammation by facilitating exposure

of submucosa to luminal antigens with subsequent distur-

bance of gut sensitivity and motility. In addition, it has been

reported that an acute psychological stressor increases small

intestinal permeability in a subset of healthy subjects

without intestinal gastroenteritis [21]. It is interesting to

note that rectal hypersensitivity and colon transit were

similar in patients with and without PI-IBS following

intestinal infection; even though PI-IBS patients have ele-

vated mucosal inflammatory cell counts, those who did not

also develop IBS symptoms (i.e., non-PI-IBS) [15]. The

similarity of the pathophysiology shown in PI-IBS and non-

PI-IBS patients suggests that prior gut infection is unlikely

to be a primary cause of abnormal colon transit and visceral

sensitivity in IBS.

On the other hand, there is evidence that genetic risk

factors may contribute to PI-IBS pathophysiology

(Table 3). A recent study identified three candidate gene

variants, namely Toll-like receptor-9 (TLR9), cadherin-1

(CDH1), interleukin-6 (IL6), which were associated with

development of IBS following acute gastroenteritis [22].

These results suggest that PI-IBS might result from

abnormalities in gene encoding epithelial barrier functions

and innate immune responses to enteric bacteria. This is

consistent with a paradigm of PI-IBS pathogenesis

involving decreased mucosal barrier function and abnormal

immune activation in the gut mucosa. Further studies are

needed to confirm whether patients with PI-IBS show

specific features of associations between gene variant and

physiological findings in the gut when compared to spo-

radic patients with IBS.

Prognosis and management of PI-IBS

Prognosis of PI-IBS has not been studied systematically.

Some studies have suggested that the symptoms persist for

years and then gradually improve, possibly with a better

prognosis compared with IBS of noninfectious origin [10].

In two long-term follow-up studies, less than half of cases

with PI-IBS recovered at 5–6 years [23, 24]. Furthermore,

in the largest prospective cohort study, the prevalence of

PI-IBS in subjects with a history of dysentery in Walker-

ton, Ontario in Canada dropped from 28.3 % at 2–3 years

to 21.4 % at 4 years, 14.3 % at 6 years and 15.4 % at

8 years [10]. After 8 years, the incidence of new-onset IBS

was no longer increased among subjects who were exposed

to the initial infection when compared to those who were

not. Thus, overall prognosis is considered to be good over

an infectious period of 5–6 years.

It is important that patients with PI-IBS should under-

stand the roles of stress, life style (including diet), psycho-

logical symptoms and persisting low-grade inflammation in

their condition. Potential differential condition should also
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be considered as infection can unmask other gastrointestinal

disorders such as inflammatory bowel disease, diverticular

disease and celiac disease. Currently, there are no specific

treatment options for PI-IBS. Management for PI-IBS

should be adjusted to the severity of the patient’s symptoms

which is similar to that for IBS in general. Not only

abdominal pain but also urgency and diarrhea are main

concerns for IBS patients with diarrhea. Loperamide or

codeine which affects prolongation of intestinal transit [25]

can be useful to prevent fecal urgency and diarrhea associ-

ated with IBS. Low doses of tricyclic antidepressants (e.g.,

amitriptyline) may also help to reduce visceral pain sensi-

tivity and slow intestinal transit for patients with IBS-D

[26]. Serotonergic agents have been confirmed to be mod-

estly effective for IBS symptoms. 5-HT3 receptor antago-

nists (e.g., alosetron) enhance small intestinal absorption,

slow colonic transit and may reduce visceral pain sensitivity

in diarrhea-predominant patients [27]. On the other hand,

5-HT4 receptor agonists (e.g., tegaserod), accelerate oroce-

cal transit and increase the frequency of bowel movements,

and they been used for constipation-predominant IBS [28].

However, these agents have never been tested specifically in

patients with PI-IBS.

It has been reported that patients with IBS are likely to

have small intestinal bacterial overgrowth (SIBO) [29].

The prevalence of SIBO in patients with PI-IBS has not yet

been evaluated. Dietary change can influence the compo-

sition of the gut microbiota and consequently reduce IBS

symptoms. Restriction of fermentable oligo-, di-, mono-

saccharides, and polyols (FODMAP) diet has been dem-

onstrated to be beneficial in some subsets of patients with

IBS [30]. Although the role of probiotics or antibiotics in

the treatment of IBS is still controversial, these agents may

be considered in those patients with a positive breath test

result. Meta-analysis of previous controlled trials has

shown that probiotics were significantly better than placebo

[31]. Nonabsorbable antibiotics (e.g., rifaximin) have

recently demonstrated efficacy for IBS symptoms [32].

Anti-inflammatory agents such as mesalazine and mast cell

stabilizers such as ketotifen are also expected to be another

potential therapeutic option for PI-IBS [33, 34]. Further

high-quality randomized controlled trials are needed to

confirm efficacy of these treatments for patients with PI-

IBS.

Future directions

The pathophysiology of IBS remains incompletely under-

stood. Patients with PI-IBS may be associated with less

psychological abnormalities and have a better prognosis

than other IBS patients; however, these findings are still

controversial. In fact, several psychological aspects are

identified as being risk factors for development of PI-IBS.

IBS is likely to be a complex trait wherein variability in

clinical presentation is partially explained by heterogeneity

in underlying genetic and environmental risk factors for PI-

IBS. It is important to investigate the mechanisms that

underlie the clinical/pathological features in PI-IBS since

the patients are a more homogenous group and show

dominant diarrhea symptoms when compared to sporadic

IBS. The more novel findings observed in PI-IBS may help

us to understand the complex pathophysiology of IBS and

the other functional gastrointestinal disorders such as

functional diarrhea and to develop new promising treat-

ments for such patients.
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