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Background and aims: Chronic bowel disturbances resembling irritable bowel syndrome (IBS)
develop in approximately 25% of patients after an episode of infectious diarrhoea. Although we have
previously shown that psychosocial factors operating at the time of, or prior to, the acute illness appear
to predict the development of post-infectious IBS (PI-IBS), our finding of an increased inflammatory cell
number in the rectum persisting for at least three months after the acute infection suggested that there
is also an organic component involved in the development of PI-IBS. To evaluate this further, we
measured expressions of interleukin 1B (IL-1B) and its receptor antagonist (IL-1ra) in these patients to
provide additional evidence that the pathogenesis of PI-IBS is underpinned by an inflammatory
process.

Methods: Sequential rectal biopsy samples were prospectively obtained during and three months after
acute gastroenteritis, from eight patients who developed post-infectious IBS (INF-IBS) and seven
patients who returned to normal bowel habits after acute gastroenteritis (infection controls, INF-CON).
Eighteen healthy volunteers who had not suffered from gastroenteritis in the preceding two years served
as normal controls (NOR-CON). IL-1B and IL-1ra gene expressions were assayed by reverse
transcriptase-polymerase chain reaction, and their levels of expression were quantitated by optical
densitometry after electrophoresis on agarose gel.

Results: INF-IBS patients exhibited significantly greater expression of IL-18 mRNA in rectal biopsies
than INF-CON patients both during and three months affer acute gastroenteritis. Moreover, IL-1p
mRNA expression had increased in biopsies taken from INF-IBS patients at three months after the acute
infection but no consistent change was observed in INF-CON patients. IL-1B mRNA expression of INF-
IBS patients at three months post gastroenteritis was significantly greater than NOR-CON whereas that
of INF-CON patients was not significantly different from NOR-CON. Despite these differential changes
in IL-1B mRNA expression, no significant changes were observed in IL-1ra mRNA expression among
the three groups.

Conclusions: These findings indicate that those patients who develop IBS post infection exhibit greater
IL-18 mRNA expression, both during and after the infection, compared with individuals who do not
develop PI-IBS. We conclude that such patients may be susceptible to inflammatory stimuli, and that
inflammation may play a role in the pathogenesis of PI-IBS.

teritis may precipitate irritable bowel syndrome (IBS) in

susceptible individuals. Indeed, a large cohort study has
shown that bacterial gastroenteritis imparts a relative risk of
11.9 for the development of IBS." Prospective studies have
shown that patients who developed IBS post infection exhib-
ited more anxiety, depression, and stressful life events at the
time of the actual illness than those whose bowel habits
returned to normal.”” This observation supports the hypoth-
esis that behavioural factors are important determinants of
the expression of IBS post infection.

Studies in an animal model have shown that transient and
superficial infection of the gut leads to long term
dysfunction.’ This was associated with cytokine expression in
the mucosal compartment and in the deeper neuromuscular
layers.®” The state of persistent dysfunction could be reversed
by corticosteroids, indicating that it was actively maintained
by inflammatory mediators. Studies in patients with post-
infectious IBS (PI-IBS) have shown increased inflammatory
cells in the mucosa’ * and similar observations have been made
in IBS patients without a history suggestive of a precipitating
enteric infection,” prompting speculation that inflammation
may play a role in the pathogenesis of a broader segment of
the IBS population.”"* A preliminary report has suggested

There is growing acceptance that acute bacterial gastroen-

that some IBS patients may be genetically predisposed to
inflammation because of low secretion of the counter-
inflammatory cytokines interleukin 10 and transforming
growth factor B.” Thus it is possible that an inability to
efficiently downregulate an inflammatory response may
predispose patients to IBS post infection.

The cytokine interleukin 1P (IL-1pB) is an important modula-
tor of the inflammatory process.” " Its biological activity is
inhibited by its naturally occurring antagonist (IL-1ra) and it is
the balance of these cytokines that determines the bioavailabil-
ity of IL-1B and hence its contribution to inflammation."""* A
preliminary study from our laboratory showed that a subset of
IBS patients with diarrhoea exhibited elevated levels of IL-1(3."”
Therefore, we chose to measure IL-1f3 and IL-1ra mRNA levels
in rectal biopsies obtained from patients during and after
gastroenteritis to test the hypothesis that patients who develop
PI-IBS have evidence of a greater inflammatory response to
infection and that this persists after infection.

Abbreviations: IBS, irritable bowel syndrome; PI-IBS, post-infectious
IBS; IL-1B, interleukin 1B; IL-Tra, interleukin 1 receptor antagonist; PCR,
polymerase chain reaction.
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SUBJECTS AND METHODS

Patients and normal controls

Subjects were recruited prospectively from among 228
consecutive patients admitted to our infectious disease ward
with acute gastroenteritis between 1993 and 1995. A detailed
interview and a validated bowel symptom questionnaire were
both administered during their admission to hospital. Patients
who fulfilled the criteria for IBS* or any other chronic bowel
diseases prior to their attack of gastroenteritis were excluded
from the study. We excluded 67 patients with pre-existing IBS,
12 patients who had previously undergone bowel surgery, and
10 patients who had inflammatory bowel disease. Of 139 eli-
gible patients, 30 declined participation, giving a response rate
of 78%. The number of patients who developed PI-IBS was 22.
In our ecarlier study’ we obtained rectal biopsies for paraffin
embedded histological sections for cell counting. After we
found increased cell counts, consent was obtained from
subsequent patients for additional biopsy samples for the pur-
pose of this study. In this way we were able to obtain sequen-
tial rectal biopsies of sufficient weight from eight patients who
developed PI-IBS (INF-IBS) and from seven patients whose
bowel habits returned to normal after their gastroenteritis
(infection control group (INF-CON)). Of the other patients
who participated in the study, either no rectal biopsy samples
were available or samples were available for only one of the
two time points that were studied—that is, at acute infection
or three months post infection.

These patients were asked to return for a reassessment
three months after their gastroenteritis. During this follow up
visit, patients again completed the bowel symptom question-
naire. Those who had persistent symptoms were investigated
by a gastroenterologist to exclude organic disease, and were
subsequently contacted every three months for at least a year
to study the symptomatology and natural history of their dis-
ease. In this way we identified eight patients who had symp-
toms after gastroenteritis that were consistent with IBS, and
they formed the PI-IBS group (INF-IBS) for the study. All of
these patients reported pain relieved by defecation and
changes in bowel habit, as described by the Rome criteria.” Six
had diarrhoea, one had constipation, and one had an alternat-
ing type of bowel habit. Seven patients, whose bowel habits
returned to normal after gastroenteritis, formed the infection
control group (INF-CON). Stool cultures, conducted during
the acute infection, were positive in seven patients (INF-IBS:
four salmonella, one Escherichia coli; INF-CON: one salmonella,
one shigella). The majority of patients (all INF-IBS, four INF-
CON) received antibiotics during acute gastroenteritis. The
normal control group (NOR-CON) consisted of 18 healthy
volunteers who did not fulfil the criteria for IBS and who had
not had a recent history of gastroenteritis. These were
recruited through advertisements placed in the local hospitals
and university. Subject characteristics are summarised in table
1. The infection control group was significantly older than the
healthy control group.

Clinical protocol

Sigmoidoscopy and rectal biopsy was carried out in all
patients during the acute admission and at approximately
three months after the attack of gastroenteritis. The interval
between onset of acute gastroenteritis and the timing of the
second rectal biopsy was comparable in the INF-IBS and INF-
CON groups (see table 2). It was also carried out on normal
controls. Informed consent was obtained before each sig-
moidoscopy.

The rectal mucosa was first examined for inflammatory
changes. At least two rectal biopsies were taken from the pos-
terior wall between 6 and 8 cm from the anal verge, away from
any areas of obvious inflammation. One sample was snap fro-
zen in liquid nitrogen for subsequent extraction of RNA
(method described below). The other sample was placed in
formalin and sent off for routine histopathology.
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Table 1 Subject characteristics

INF-IBS INF-CON NOR-CON
(n=8) (n=7) (n=18)
Age (y)t 44 (6.8) 48 (5.2)** 30 (2.4)
Female (No (%)) 4 (50) 4 (57) 14 (78)
Stool +ve (No (%)) 5 (63) 2 (29) —
Antibiotics (No (%)) 8 (100) 4 (57) -
tMean (SEM).

INF-IBS, patients who developed irritable bowel syndrome after acute
gastroenteritis; INF-CON, patients who returned to normal bowel
habits after acute gastroenteritis; NOR-CON, normal controls.
**p<0.005 versus NOR-CON.

RNA preparation

Total RNA was prepared according to a modified guanidium
thiocyanate method.” Biopsy tissue was homogenised in 4 M
guanidium isothiocyanate solution. RNA was extracted in an
equal volume of water saturated phenol-chloroform-isoamyl
solution (pH 4.0). After centrifugation, the upper aqueous
phase was precipitated in two volumes of ethanol overnight at
20°C. The RNA pellet was washed with 75% ethanol and dried
in air. The RNA obtained was quantitated by measuring opti-
cal density.

RNA was reverse transcribed into complementary DNA
(cDNA), as previously described.” Typically, a 3 pg aliquot of
total cellular RNA from each sample was mixed with 500 ng of
oligo-deoxythymidylic acid primer (Promega, Madison,
Wisconsin, USA) in 20 pl of ribonuclease free water. RNA was
then annealed by heating this mixture to 70°C for 10 minutes
followed by gradual cooling to 37°C. To the annealed mixture, a
cocktail containing 15 units of reverse transcriptase, 1 ml of 10
mM each dATE dCTE, dGTE and 25 units of RNasin in commer-
cial RT reaction buffer (Promega) was added. This was then
incubated at 42°C for 60 minutes before the reverse transcrip-
tion reaction was terminated by heating at 90°C for 10 minutes.

Primers for the messages of interest were designed based on
the following complementary DNA sequence information:
B-actin upstream 5'-CCT TCC TGG GCA TGG AGT CCT G - 3/,
downstream 5'-GGA GCA ATG TTG ATC TTC-3'; IL-1P upstream
5'- AGC TTG GTG ATG TCT GGT CCA T3', downstream 5'-GAG
GTG CTG ATG TAC CAG TTG-3'; and IL-1ra upstream 5'-AGA
AGA CCT CCT GTC CTA TG-3', downstream 5'-TAC TCG TCC
TCC TGG AAG TA-3'. The basic polymerase chain reaction (PCR)
protocol was the same as described elsewhere.”” cDNA (2 pl)
was mixed with 1 pl each of upstream and downstream
primers, and 0.5 pl of Thermus aquaticus (Taq) DNA polymerase
(Promega). The following cycle parameters were used: dena-
turation 94°Cx30 seconds; annealing 57°CX30 seconds; exten-
sion 72°Cx60 seconds; and final extension 72°Cxfive minutes
relative target mRNA. Thirty cycles were used for IL-1f, and 32
cycles for IL-1ra and B-actin based on preliminary studies with
positive (samples of inflamed mucosa from patients with
ulcerative colitis) and negative (deionised water) controls. Each
RNA sample was directly applied to PCR to ensure that there
was no DNA contamination.

The PCR end product was electrophoresed on 2% agarose
gel and stained with ethidium bromide. After drying, the gel
was photographed and the negatives were used for semiquan-
titation by optical densitometry (a photograph of the gel with
samples from three months post infection is reproduced in fig
1). Samples were normalised on the basis of their actin
content, as assessed by optical densitometry.

Statistical analysis

Analysis of variance was performed in the first instance, and if
this showed a statistically significant difference, then the
independent sample f test was used to compare the results
between the two groups. The X’ test was used to compare cat-
egorical data. In view of multiple comparisons, o was set at
0.01.
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IL-1B and post-infectious irritable bowel syndrome

Figure 1 Interleukin 1P (IL-1B) mRNA expression in (A)
post-infectious irritable bowel syndrome patients (INF-IBS) and in (B)
post infection controls (INF-CON) (2% agarose gel stained with
ethidium bromide; 30 polymerase chain reaction cycles). INF-IBS
patients developed IBS after acute gastroenteritis and INF-CON
patients returned to normal bowel habits after acute gastroenteritis
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Figure 2 Changes in inferleukin 1B (IL-18) mRNA expression after
infection in INF-IBS patients (who developed irritable bowel
syndrome after acute gastroenteritis) and in INF-CON patients (who
returned to normal bowel habits affer acute gastroenteritis).

RESULTS

No histological features of inflammatory bowel disease were
noted in any of our subjects. Minor inflammatory changes
were observed during acute gastroenteritis in six patients
(three INF-IBS and three INF-CON). At three months after
gastroenteritis, sigmoidoscopy was normal in all patients and
neither inflammatory bowel disease nor microscopic colitis
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Figure 3 Changes in inferleukin 1 receptor antagonist (IL-1ra)
mRNA expression after infection in INF-IBS patients (who developed
irritable bowel syndrome after acute gastroenteritis) and in INF-CON
patients (who returned to normal bowel habits after acute
gastroenteritis).

was reported in any of the biopsies sent to our histopathology
laboratory.

During acute gastroenteritis, IL-13 mRNA expression was
significantly greater in INF-IBS than in INF-CON patients
(see table 2). This difference was accentuated three months
later by a significant increase in IL-13 mRNA expression in
biopsies taken from INF-IBS but not INF-CON patients (figs 1,
2). At three months, IL-13 mRNA expression in INF-IBS
patients, but not that in INF-CON patients, was significantly
greater than that found in normal controls.

There were no significant differences between IL-1ra mRNA
expression in biopsies taken from any of the three groups
during or after gastroenteritis (table 2, fig 3).

DISCUSSION

The results of this study have shown that patients with acute
gastroenteritis, who go on to develop IBS, have a higher expres-
sion of IL-1 mRNA compared with infected patients who do
not develop IBS. This is in keeping with the clinical observation
that patients with a more severe infective gastroenteritis are
more likely to develop IBS post infection.” * A correlation is also
available from animal studies showing that attenuation of the
host response to the initial infection reduces the magnitude of
post-infective gut dysfunction.® Taken together, these observa-
tions suggest that, in addition to previously identified behav-
ioural determinants,” organic factors are important in the
development of IBS post infection.

A recent preliminary report suggested that some IBS
patients have a genotypic profile that is similar to that seen in
patients with inflammatory bowel disease.” Specifically, some
IBS patients are low secretors of the counter-inflammatory
cytokines interleukin 10 and transforming growth factor B.
Such patients may downregulate an inflammatory response
inefficiently, and might be expected to exhibit a stronger
profile of inflammatory markers than controls. The present
finding of increased expression of IL-13 mRNA during acute
gastroenteritis in those patients who subsequently developed

Table 2 Rectal biopsy results

Acute infection biopsy

Post infection biopsy

INF-IBS

INF-CON INF-IBS

INF-CON NOR-CON

Interval from onset o biopsy (days) 5 (1)
IL-18 mRNA:B-actin (x10? 9.8 (1.3)**
IL-Tra mRNA:B-actin (x107?) 5.3 (0.4)

3.6(0.8) 16.6 (1.9t 4.4(0.3) 6.3(07)
8.6(1.3) 7.4(1.1) 6.6(0.4) 4.5(0.9)

(1) 108 (14) 98 (4 —

Results are expressed as mean (SEM).

INF-IBS, patients who developed irritable bowel syndrome after acute gastroenteritis; INF-CON, patients
who returned to normal bowel habits after acute gastroenteritis; NOR-CON, normal controls.
IL-1B, interleukin 1B; IL-1ra, inferleukin 1 receptor antagonist.

**p<0.005 versus INF-CON; t11p<0.001 versus INF-CON and NOR-CON. There were no statistically
significant differences between the three groups for IL-1ra mRNA expression.
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IBS supports the notion that an enhanced acute inflammatory
response may be a determinant of IBS post infection and
invites speculation that this may be genetically determined.

Our finding of increased IL-13 mRNA expression in the rec-
tal mucosa of patients with IBS symptoms, but not in asymp-
tomatic individuals post infection, suggests that inflammation
may contribute to expression of PI-IBS. This is in keeping with
our previous results’ and those of others® which demonstrate
an increased inflammatory cell number in the mucosa of
patients with PI-IBS. Taken together, these observations con-
tribute to a growing literature showing that there is low grade
inflammation and immune activation in the colorectum of a
subset of IBS patients." As these findings are not restricted to
patients with a history of overt infection, it would appear that
gastroenteritis is one of several triggers that may precipitate
inflammation based IBS in susceptible individuals.

We chose IL-1B mRNA expression simply as a ubiquitous
marker of inflammation and we attach no mechanistic
importance to the increased expression of this cytokine mRNA
in rectal biopsies from PI-IBS patients. It is unlikely that IL-1[3,
restricted to the mucosal compartment, contributes to the
changes in sensory or motor activity that are considered to be
the basis of symptom generation in IBS. Studies in animals
have shown that superficial infection of the intestinal mucosa
is accompanied by inflammation and expression of proinflam-
matory cytokines in the mucosal compartment and that this
in turn leads to expression of cytokines in the deeper
neuromuscular layers.” In the animal model, expression of Th2
cytokines IL-4 and IL-13 in the muscularis externa are critical
for the induction of changes in neuromuscular function.’ Thus
mucosal expression of IL-13 may be viewed as a surrogate
marker for changes that occur in deeper tissues.

A key question that needs to be addressed is whether anti-
inflammatory therapies might be useful in IBS patients with
evidence of ongoing low grade inflammation. While treatment
with parenterally administered corticosteroid or local cy-
clooxygenase inhibitors reversed post-infective gut dysfunc-
tion in an animal model, a preliminary report suggests that
this may not be the case in PI-IBS.” The window of therapeu-
tic opportunity for reversal of gut dysfunction in PI-IBS may
differ from that seen in the animal model, as may the media-
tors and their accessibility to orally administered anti-
inflammatory treatment.

In conclusion, the main finding of this study that an
enhanced peripheral inflammatory response occurs in pa-
tients with gastroenteritis who subsequently go on to develop
IBS, contrasts with previous work identifying behavioural fac-
tors that predict the development of IBS post infection. We do
not regard these pathways as being mutually exclusive. On the
contrary, there is growing evidence that behavioural and per-
ipheral inflammatory processes converge to influence disease
expression, and supporting examples are available in animal
based studies. It has been shown that prior stress enhances
the response to a subsequent inflammatory stimulus® and
that stress may reactivate quiescent colitis® and the accompa-
nying changes in gut physiology.” Taken together, these
observations underscore the importance of both behavioural
and inflammatory processes in the development of IBS
following enteric infection.
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