
strategy that invariably provoked fury, a provocation of the 
irritable bowel, and a demand for a further opinion. Step by step
we gradually progress.
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Irritable bowel syndrome (IBS) is currently diagnosed from
symptoms which include chronic abdominal pain/discomfort
associated with disturbed or altered bowel habit in the absence
of structural or metabolic changes.1 This would seem to exclude
significant gut inflammation but recent studies suggest the need
to rethink.2 Progress in defining the mechanisms underlying IBS
research has been limited by an inability to subdivide a very het-
erogeneous population. Recent research has attempted to over-
come this limitation by focusing on a small subgroup of patients
whose IBS developed after a bout of infectious gastroenteritis.2

Post-infective IBS as a model to study functional
gastrointestinal diseases

Post-infective IBS (PI-IBS) is by definition the development of
IBS in individuals with previously normal bowel function.
Unlike other irritable bowel syndromes it has a defined start date
and a known precipitant. It represents nature’s experiment,
infection being a random event not obviously dependent on
personal choice. This provides a rare opportunity to study the
mechanisms underlying the development of IBS. Numerous
studies have confirmed earlier reports demonstrating an
increased incidence of functional gastrointestinal (GI) diseases
following GI infections (Table 1).3,4,5 Adverse risk factors
include an initial illness lasting >3 weeks, toxigenic bacteria,
female gender, and age <60.4,5,6
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Clinical features

These are similar to unselected IBS with diarrhoea (IBS-D)
namely frequent urgent loose stools, bloating, mucus per
rectum and a sense of incomplete evacuation.5,7 There is an
important interaction between adverse psychological factors
and mucosal inflammation, which both independently increase
the risk of developing PI-IBS.7,8

Pathophysiology

Campylobacter jejuni enteritis is associated with a high incidence
of PI-IBS,5 one of the highest incidence ever reported being
noted in an infection which combined both Escherichia coli
O157:H7 and C. jejuni.9 Several detailed studies of rectal biop-
sies following C. jejuni enteritis have been undertaken which
showed an acute inflammatory response with incomplete reso-
lution in those with persistent symptoms.10 T lymphocyte,
macrophage and enteroendocrine cell numbers all increased in
parallel.7,10 These histological changes were associated with vis-
ceral sensitivity to rectal balloon distension and accelerated
colonic transit, features also seen in other IBS-D patients.8

Abnormalities of serotonin metabolism in IBS

5HT is likely to be important mechanistically in PI-IBS as it causes
secretion and propulsive motility and 5HT3 antagonists improve
symptoms in IBS-D.11 Postprandial release of 5HT is increased in
the PI-IBS, with a decreased release in constipated IBS.12 Mucosal
5HT is taken up via an active transporter SERT and metabolised
to 5-hydroxyindole acetic acid (5HIAA). Mucosal 5HIAA/5HT
ratio is depressed in PI-IBS spite of increased 5HT release, sug-
gesting a defect of uptake of 5HT by enterocytes. While this idea is
supported by animal studies showing inflammation decreases
SERT expression data on mRNA for SERT in IBS colonic
mucosa is conflicting.13–16 SERT function can also be assessed in
circulating platelets using the H3-impramine binding assay. This is

markedly reduced in IBS-D, a low level predicting a good response
to a 5HT3 antagonist suggesting this is associated with excess 5HT
effects.17

Drivers of chronic inflammation in IBS

Mast cells and gut permeability

While the acute inflammation occurs in those infected, it is
unclear why in some patients this continues at a low level for
many years.18 One possibility is continued abnormalities of gut
permeability which have been noted in PI-IBS10,19 By increasing
access of gut bacterial antigens this could account for low-grade
chronic inflammation. Psychological stressors by activating
immune cells, particularly mast cells, might cause this persistent
increased permeability. Mast cells have been shown to be
increased in both the ascending colon and duodenum of IBS
patients and can be activated by stress.20–22 Furthermore animal
models strongly suggest that acute stress can increase gut per-
meability via activation of mast cells, though whether chronic
low-level stress does the same is uncertain.23

Psychosocial stress and cytokines

Acute stress exerts proinflammatory effects in experimental ani-
mals as well as humans with inflammatory bowel disease
(IBD).24–25 Psychological stresses have even more obvious effects
in IBS,26 increasing the risk of PI-IBS two-threefold7,8 while
chronic ongoing life stresses such as divorce, imprisonment and
loss of employment effectively prevent resolution of IBS symp-
toms.27 Psychological distress has been associated with increased
plasma cytokines and social stresses are known to activate the
immunocytes directly.28–30 Several recent studies have shown
increases in circulating cytokines in IBS though their signifi-
cance is unknown. Cytokines orchestrate the ‘illness behaviour’
which is seen after infection so it is feasible that some of the
non-GI symptoms so common in IBS, including backache,
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Table 1. Incidence of post-infective irritable bowel syndrome (PI-IBS).

FU 

Study PI-IBS (%) months n Organism Country

McKendrick 31 12 38 Salmonella Sheffield, UK

19943

Gwee, 19964 39 3 75 Mixed Sheffield, UK

Neal, 19975 7 6 390 Bacterial Nottingham, UK

Thornley, 20016 9 6 180 C. jejuni Nottingham, UK

Dunlop, 20037 13 6 747 C. jejuni Nottingham, UK

Wang, 200432 8 12–24 295 Shigella Peking, China

Ji, 200533 7 6 101 Shigella Seoul, Korea

Mearin, 200534 12 12 677 Salmonella Catalonia, Spain

Marshall, 200635 27.5 24 2,069 E. Coli Walkerton, Canada

O157:H7

C. jejuni 

n = number.



headache, insomnia and lethargy could be due to increased
cytokines. Sorting out whether this is cause or effect will require
intervention studies either with anti-inflammatory or psycho-
logical therapies. The results of such studies may well have 
relevance for the subgroup of IBD patients who suffer from IBS-
like symptoms even when overt inflammation has subsided.31

References

1 Longstreth GF, Thompson WG, Chey WD et al. Functional bowel
disorders. Gastroenterology 2006;130:1480–91.

2 Spiller RC. Postinfectious irritable bowel syndrome. Gastroenterology
2003;124:1662–71.

3 McKendrick MW, Read NW. Irritable bowel syndrome – post
salmonella infection. J Infect 1994;29:1–3.

4 Gwee KA, Graham JC, McKendrick MW et al. Psychometric scores
and persistence of irritable bowel after infectious diarrhoea. Lancet
1996;347:150–3.

5 Neal KR, Hebden J, Spiller R. Prevalence of gastrointestinal symptoms
six months after bacterial gastroenteritis and risk factors for
development of the irritable bowel syndrome: postal survey of
patients. BMJ 1997;314:779–82.

6 Thornley JP, Jenkins D, Neal K et al. Relationship of Campylobacter
toxigenicity in vitro to the development of postinfectious irritable
bowel syndrome. J Infect.Dis 2001;184:606–9.

7 Dunlop SP, Jenkins D, Neal KR, Spiller RC. Relative importance of
enterochromaffin cell hyperplasia, anxiety, and depression in
postinfectious IBS. Gastroenterology 2003;125:1651–9.

8 Gwee KA, Leong YL, Graham C et al. The role of psychological and
biological factors in postinfective gut dysfunction. Gut 1999;44:400–6.

9 Marshall JK, Thabane M, Garg AX, Clark WF, Collins SM. Prognosis
of post infectious irritable bowel syndrome (PI-IBS) four years after
the Walkerton outbreak of waterborne gastroenteritis (GE).
Gastroenterology 2006;130:A52.

10 Spiller RC, Jenkins D, Thornley JP et al. Increased rectal mucosal
enteroendocrine cells, T lymphocytes, and increased gut permeability
following acute Campylobacter enteritis and in post-dysenteric
irritable bowel syndrome. Gut 2000;47:804–11.

11 Cremonini F, Delgado-Aros S, Camilleri M. Efficacy of alosetron in
irritable bowel syndrome: a meta-analysis of randomized controlled
trials. Neurogastroenterol Motil 2003;15:79–86.

12 Dunlop SP, Coleman NS, Blackshaw E et al. Abnormalities of 
5-hydroxytryptamine metabolism in irritable bowel syndrome.
Clin Gastroenterol Hepatol 2005;3:349–57.

13 Wheatcroft J, Wakelin D, Smith A et al. Enterochromaffin cell
hyperplasia and decreased serotonin transporter in a mouse model of
postinfectious bowel dysfunction. Neurogastroenterol Motil 2005;17:
863–70.

14 Linden DR, Chen JX, Gershon MD, Sharkey KA, Mawe GM.
Serotonin availability is increased in mucosa of guinea pigs with
TNBS-induced colitis. Am J Physiol Gastrointest Liver Physiol 2003;
285:G207–16.

15 Coates MD, Mahoney CR, Linden DR et al. Molecular defects in
mucosal serotonin content and decreased serotonin reuptake
transporter in ulcerative colitis and irritable bowel syndrome.
Gastroenterology 2004;126:1657–64.

16 Andrews C, Camilleri M, Bharucha AE et al. Serotonin transporter
(SERT) polymorphism geneotype and SERT expression in mucosal
biopsies of patients with irritable bowel syndrome. Gastroenterology
2006;130:A24. 

17 Bellini M, Rappelli L, Blandizzi C et al. Platelet serotonin transporter
in patients with diarrhea-predominant irritable bowel syndrome both
before and after treatment with alosetron. Am J Gastroenterol 2003;
98:2705–11.

18 Neal KR, Barker L, Spiller RC. Prognosis in post-infective irritable
bowel syndrome: a six year follow up study. Gut 2002;51:410–3.

19 Marshall JK, Thabane M, Garg AX et al. Intestinal permeability in
patients with irritable bowel syndrome after a waterborne outbreak of
acute gastroenteritis in Walkerton, Ontario. Aliment Pharmacol Ther
2004;20:1317–22.

20 Barbara G, Stanghellini V, De Giorgio R et al. Activated mast cells in
proximity to colonic nerves correlate with abdominal pain in irritable
bowel syndrome. Gastroenterology 2004;126:693–702.

21 Guilarte M, Santos J, De Torres I et al. Diarrhea-predominant IBS
patients show mast cell activation and hyperplasia in the jejeunum.
Gut 2006;55:ePub.

22 Santos J, Saperas E, Nogueiras C et al. Release of mast cell mediators
into the jejunum by cold pain stress in humans. Gastroenterology
1998;114:640–8.

23 Demaude J, Salvador-Cartier C, Fioramonti J, Ferrier L, Bueno L.
Phenotypic changes in colonocytes following acute stress or activation
of mast cells in mice: implications for delayed epithelial barrier
dysfunction. Gut 2006;55:655–61.

24 Collins SM, McHugh K, Jacobson K et al. Previous inflammation
alters the response of the rat colon to stress. Gastroenterology 1996;
111:1509–15.

25 Mawdsley JE, Rampton DS. Psychological stress in IBD: new insights
into pathogenic and therapeutic implications. Gut 2005;54:1481–91.

26 Pace F, Molteni P, Bollani S et al. Inflammatory bowel disease versus
irritable bowel syndrome: a hospital-based, case-control study of
disease impact on quality of life. Scand J Gastroenterol 2003;38:1031–8.

27 Bennett EJ, Tennant CC, Piesse C, Badcock CA, Kellow JE. Level of
chronic life stress predicts clinical outcome in irritable bowel
syndrome. Gut 1998;43:256–61.

28 Dinan TG, Quigley EM, Ahmed SM et al. Hypothalamic-pituitary-gut
axis dysregulation in irritable bowel syndrome: plasma cytokines as a
potential biomarker? Gastroenterology 2006;130:304–11.

29 Kiecolt-Glaser JK, Loving TJ, Stowell JR et al. Hostile marital
interactions, proinflammatory cytokine production, and wound
healing. Arch Gen Psychiatry 2005;62:1377–84.

30 Brydon L, Edwards S, Jia H et al. Psychological stress activates
interleukin-1beta gene expression in human mononuclear cells. Brain
Behav Immun 2005;19:540–6.

31 Simren M, Axelsson J, Gillberg R et al. Quality of life in inflammatory
bowel disease in remission: the impact of IBS-like symptoms and
associated psychological factors. Am J Gastroenterol 2002;97:389–96.

32 Wang LH, Fang XC, Pan GZ. Bacillary dysentery as a causative factor
of irritable bowel syndrome and its pathogenesis. Gut 2004;53:
1096–101.

33 Ji S, Park H, Lee D et al. Post-infectious irritable bowel syndrome in
patients with Shigella infection. J Gastroenterol Hepatol 2005;20:381–6.

34 Mearin F, Pérez-Oliveras M, Perelló A et al. Dyspepsia and iIrritable
bowel syndrome after a salmonella gastroenteritis outbreak: one-year
follow-up cohort study. Gastroenterology 2005;129:98–104.

35 Marshall JK, Thabane M, Garg AX et al. Incidence and epidemiology
of irritable bowel syndrome after a large waterborne outbreak of
bacterial dysentery. Gastroenterology 2006;131:445–50.

Current key developments

Clinical Medicine Vol 8 No 4 August 2008 419

© Royal College of Physicians, 2008. All rights reserved.


