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ABSTRACT
Aims of the thesis: To study new pathogenetic mechanisms in IBS; to find out if IBS is
a neuromuscular disease affecting the small bowel; to study humoral factors in gut
dysmotility associated with visceral neuropathy; and to study the natural history of
post-infectious gastro-intestinal (GI) symptoms and risk factors for their development.
Material and methods: In studies I and II, full-thickness jejunum biopsies from
patients with severe IBS were investigated with immunohistochemistry. A control
group that was operated on because of morbid obesity was used in study II to test the
validity of reported findings in study I. The control group had no symptoms compatible
with a functional GI disorder (FGID) and the pathologist was blinded with respect to
diagnosis. In study III, sera from patients with different gut dysmotility diagnoses
associated with visceral neuropathy, with and without ganglionitis, were investigated
by immunoassays for the presence of neuronal autoantibodies. In study IV, a large
cohort of patients who had suffered an acute gastroenteritis was re-investigated for
persistence of GI symptoms 5 years later using mailed questionnaires. Clinical data
were scrutinized in order to find risk factors for persistence of GI symptoms.
Results: A total of 17 patients with severe IBS were included in studies I and II. In both
studies, signs of either visceral degenerative neuropathy (4) or a low-grade
inflammatory neuropathy (13) affecting the myenteric plexus (ganglionitis) were
reported. Seven of 10 controls also had this type of finding, 6 of them with ganglionitis.
A peculiar longitudinal muscle hypertrophy in muscularis propria was seen in study I,
but could not be confirmed in study II. An attempt to judge density of the interstitial
cell of Cajal (ICC) in a standardised way suggests that this cell-population was
decreased in 2 patients in study II. After testing sera from 33 patients with gut
dysmotility in study III, one patient with IBS was found to have a low titre of antivoltage-gated potassium-channel antibodies and another patient with IBS had anti-Į3
acetylcholine-receptor antibodies. Both cases were associated with a histopathologic
diagnosis of ganglionitis. In study IV, 41 of 333 (12%) previously healthy patients
reported GI symptoms for 3 months or more after an acute episode of gastroenteritis.
Female gender and antibiotic treatment were identified as risk factors for persisting GI
symptoms. No specific infectious agent was found to be a risk factor.
Conclusions: Study I introduces the novel concept of ENS pathology (visceral
neuropathy and low-grade lymphocyte infiltration) being present in patients with severe
IBS. Study II modulates the results of study I by showing that such findings may exist
without provoking GI symptoms of FGID character. ICC pathology may be involved in
IBS pathogenesis. A humoral factor may be a rare cause for symptom generation
associated with ganglionitis. Finally, study IV confirms previous studies regarding the
prevalence of persisting post-infectious GI symptoms. Host factors may be more
important than specific infectious etiology when assessing this risk.
Key-words: Irritable bowel syndrome; functional gastrointestinal disorder;
immunohistochemistry; full-thickness biopsy; enteric nervous system; autoantibody;
gastroenteritis; risk factor
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1 INTRODUCTION
Disorders of gut function are among the most prevalent gastrointestinal (GI) illnesses.
Although many functional disorders are attributable to complications of systemic
disease such as gastroparesis in diabetes, the cause in the majority of patients remains
unknown. The spectrum of such idiopathic motility disorders ranges from total gut
failure in the most severe forms of chronic intestinal pseudo-obstruction (CIP) to
benign self-limiting disturbances of gut motor function after viral or bacterial
gastroenteritis. Huge resources have been directed to the search for novel treatments of
functional bowel disorders (FBD) with limited success. It is envisaged that a greater
understanding of the pathogenesis of the symptoms in these patients will lead to
clarification of the current nomenclature and more rational future therapies.
1.1

IRRITABLE BOWEL SYNDROME (IBS) – HISTORICAL REMARKS

Da Costa is attributed to the first description of IBS in a structured character and
published his report in the late 19th century1. He introduced the term membranous
enteritis involving “attacks of abdominal pain, followed by the discharge of what looks
like skins or membranes, sometimes coming off in moulds or long tubes”. These
attacks could be single, repetitive or continuous. Although 7 cases were described, not
all resembled what we today mean with IBS. Already at that point in time, a “neurotic
stigma” was assigned to the diagnosis. In 1928, Bockus2 made a remark that this stigma
could explain why the condition had not achieved the place in gastroenterology that its
prevalence would justify. Despite this remark he renamed it as neurogenic mucous
colitis. It was emphasized that a reluctant attitude to surgical procedures in the hope of
cure should be taken, something that still needs to be repeated. Later, White and Jones
highlighted that more than half of the sufferers received an initial diagnosis that was
wrong or unrelated to the problem3. Their description definitely resembles what we
today consider as IBS. The multitude of names given to the condition can mainly be
attributed to a developing effort of sub-classification in a way that in our time is seen in
the different editions of the Rome-criteria. Spastic or irritable colon evolves when
abdominal pain was noted to be more central in the majority of patients 4. Even if
neuroticism and other psychological factors were regarded as central in the production
of the symptom constellation, a growing interest in other pathophysiological
explanations can be seen during the 50s and 60s. Manning proposed six key-symptoms
that he found to be over-represented in patients with IBS compared to other patients
with organic disease causing their GI complaints5. This was the first, more widely
accepted criterion to define IBS by symptom clustering when communicating science
that has been followed by the Kruis criteria6 and the three editions of the Rome criteria
(see 1.3) which defines all functional gastrointestinal disorders (FGID).
1.2

CONSIDERATIONS OF TAXONOMY

The diagnostic nomenclature in the area of dysmotility still is largely based on
symptoms rather than pathology because in most instances knowledge of underlying
structural damage is very limited. Examples of current symptom-based diagnostic
'labels' include IBS, idiopathic constipation and functional dyspepsia. Depending on the
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availablility of a variety of GI measurement techniques, patients may also be classified
in terms of observed aberrant motility. For instance, the use of small bowel manometry
may divide patients with predominantly upper gastrointestinal symptoms into those
with no abnormality, those with non-specific enteric dysmotility (ED) and those with
features of CIP. Likewise, some patients with a symptom-based diagnosis of idiopathic
constipation may migrate to a diagnosis of slow-transit constipation (STC) if a colonic
transit study has shown delayed passage through the colon. While attempts have been
made to rationalise the nomenclature7, there is now some consensus among specialist
investigators that the current system, albeit convenient, is artificial.
1.3

THE ROME-CRITERIA FOR FUNCTIONAL GASTROINTESTINAL
DISORDERS

Much can be said about the Rome-criteria, but they have provided us with a diagnostic
tool that has been used worldwide when communicating science. IBS is the most
common diagnosis within the wider concept of all the FGID8. The current subdivision
of diagnostic groups is seen in Figure 1.
The development of the criteria regarding IBS is as follows:
1.3.1 Rome I criteria for IBS9
At least 3 months continuous or recurrent symptoms of:
1. Abdominal pain or discomfort which is –
a. relieved with defecation
b. and/or associated with a change in frequency of stool
c. and/or associated with a change in consistency of stool
and
2. Two or more of the following, at least at 25% of occasions or days:
a. altered stool frequency
b. altered stool form (lumpy/hard or loose/watery)
c. altered stool passage (straining, urgency or feeling of incomplete
evacuation)
d. passage of mucus
e. bloating or feeling of abdominal distension
1.3.2 Rome II criteria for IBS10
At least 12 weeks, which need not be consecutive, in the preceeding 12 months of
abdominal discomfort or pain that has 2 of 3 features:
1. Relieved with defecation, and/or
2. Onset associated with a change in frequency of stool, and/or
3. Onset associated with a change in form (appearance) of stool.
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1.3.3 Rome III criteria for IBS11
Recurrent abdominal pain or discomfort at least 3 days per month in the last 3 months
associated with 2 or more of the following:
1. Improvement with defecation
2. Onset associated with a change in frequency of stool
3. Onset associated with a change in form (appearance) of stool
Start of symptoms at least 6 months previously.
In addition to these criteria, an effort has been made in order to create a subclassification based on dominant bowel habits (diarrhea- or constipation predominance,
alternating or unclassifiable) where stool form is emphasized. The rationale for doing
this is to simplify, but the problem of symptom instability remains. Moreover, no one
has yet been able to make a connection between underlying pathophysiology and
symptom constellations of IBS. Until today, there are still no suggestions to use
histopathologic findings like those mentioned in section 1.9.1 as an alternative way to
sub-classify.

Figure 1. The Rome III classification of functional gastrointestinal disorders and the
sub-classification of functional bowel disorders.

3

1.4

PATHOPHYSIOLOGY IN IBS

Studies of physiologic function in IBS has produced findings that supports the ideas of
the patients that claim that their alimentary canal is malfunctioning, their symptoms not
merely being a reflection of psychological instability. The observations regarding gut
sensory and motor function in IBS are fundamental for the pathogenetic hypotheses in
this thesis since it makes investigation of enteric nervous system (ENS) structure
important.
1.4.1 Disturbed gastrointestinal motility
The disturbed bowel habit associated with IBS indicates a GI motor abnormality. No
specific motility pattern can be coupled to the diagnosis or the generation of symptoms
and the clinical experience of alternating bowel habit and instability over time
regarding IBS subtype reflects the multitude of possible motor mechanisms that can be
associated with the disorder12. From a wide range of studies the following can be
pointed out: Delayed gastric emptying13, 14, especially in patients with constipation15 or
overlapping dyspepsia16. Small bowel hyper-contractility in the form of discrete
clustered contractions17, 18 and increased frequency of the migrating motor complex18
and duodenal retropropagation19. Exaggerated motor response to food intake both when
examining the small bowel19 and colon20. Decreased transit time21 and increased
number of high-amplitude propagated colonic contractions22 in diarrhea predominant
IBS and increased transit time21 and decreased number of high-amplitude propagated
colonic contractions22 in constipation predominant IBS. Finally, decreased rectal
compliance23, 24 is a measure of a non-sensory rectal aberration seen in some IBS
patients. Most of the described motor events also occur in the healthy individual, which
limits their diagnostic use. The possibility of an immunologic background to the altered
GI motility is covered in section 1.7.1.
1.4.2 Visceral hypersensitivity
About 2 of 3 patients with IBS have an increased sensory response to provocations in
different parts of the GI tract25, 26. More precise, the majority of them have
hyperalgesia, a state of altered perception such that painful stimuli induces an
exaggerated response, while a minority have allodynia, which means that a non-painful
stimuli causes pain. Proposed mechanisms for visceral hypersensitivity to occur
includes both peripheral and central theories. In the periphery, different noxious stimuli
that induce inflammation have been shown to result in a state of decreased sensory
thresholds. This is covered in more detail in section 1.7.2.
1.5

IBS AND EMOTIONS

About half of the patients with IBS can be characterised as having a psychiatric comorbidity with diagnoses such as depression, anxiety or hypochondria27-29. There is a
tendency to look upon this as an opposing factor to an organic model for FGID
pathogenesis. Regardless, chronic life stressors has been shown to almost exclude
recovery from IBS compared to those who do not live under such circumstances30, 31,
and also to increase the risk to develop IBS after gastroenteritis32. The influence of
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stress on symptom intensity is not restricted to IBS, also symptoms secondary to
organic disease is reported to worsen by it33. From a holistic point of view,
psychological factors can be linked to an organic or even genetic model by means of
predisposition to the magnitude of influence that stress has on the hypothalamopituitary-adrenal axis. External stressors can trigger a corticotropin releasing factor
release from the hypothalamus leading to increased levels of ACTH and
corticosteroids. Individual sensitivity in this system may theoretically result in an
inadequate or long-lasting inflammatory response that is tempting to use as a unifying
theory for sensory, motor, immunologic and perhaps even genetic abnormalities
observed in IBS.
1.6

THE ENTERIC NERVOUS SYSTEM

From the above-mentioned pathophysiology in IBS, understanding fundamentals
regarding ENS structure and function is important when looking for pathogenetic
mechanisms. The ENS comprises the third major division of the autonomic nervous
system, the sympathetic and parasympathetic nervous systems are the other, betterknown parts. An intricate network of motor, sensory and intermediate neurones and
their corresponding projections together with supporting glia cells, Schwann cells and
interstitial cells of Cajal (ICC) forms the ENS. Accumulations of neuron cell bodies’
forms two distinct nerve plexuses. The myenteric (Auerbach) plexus is located between
the inner circular and outer longitudinal smooth muscle layers of the bowel wall and
contains about two-thirds of all enteric neurons. In the submucosa, in the space
bordered by the muscularis mucosa and the innermost part of the circular smooth
muscle layer, the submucous (Meissner) plexuses can be found. The function
associated with the myenteric plexus is mainly that of GI motor control, while the
submucous plexus is associated with control of intestinal blood flow and secretion.
Both areas have representation of enteric primary afferent neurones contributing to a
complete system of reflex circuits within the ENS that can produce an adaptive
functional behaviour in the gut even when isolated from the central nervous system.
This property of the ENS was described by Bayliss and Starling already in 189934.
The morphological character, chemical coding and detailed understanding of the
individual neurons have mainly been done by study of the guinea-pig small intestine.
Most motor neurons are cholinergic, excitatory, as is also true for the primary afferents
mediating excitatory signals by cholinergic or tachykinin synapses. The interneurons
are of at least four subtypes with both excitatory (eg. cholinergic, serotonergic) and
inhibitory (eg. nitric oxide) properties. The chemical characteristics of the excitatory
secretomotor neurons residing in the submucous plexuses involve vasoactive intestinal
peptide (VIP) apart from, once again, cholinergic neurons. Finally, one type of
interneuron has axons that project out of the gut, viscerofugal neurons. They give rise
to sensory connections to the extrinsic innervation of the ENS supplied by the
parasympathetic (vagus and pelvic nerves) and sympathetic (paravertebral ganglia)
nerves.
Given the complexity of connections within the ENS and from extrinsic nerves, it is
understandable that symptomatic treatment aiming at this control system have failed or
gained limited success until today.
5

1.7

INFLAMMATION – GUT FUNCTION

Since functional bowel disorders by their current symptom-based definitions are
impossible to apply in animal models, indirect assumptions have to be made regarding
the translation of such experimental data to possible pathogenetic mechanisms in the
production of GI symptoms. Inflammation induced by infection or chemical irritants
have been used to study the effects on gut motor and sensory function in relation to
which immunologic profile that was triggered. In humans, inflammatory bowel disease
has been extensively studied both regarding GI motility and sensory function in relation
to immune activation.
1.7.1 Inflammation - Gut motor function
Trichinella spiralis induced inflammation causes a state of transient bowel
hypermotility in rat-models that aids in the expulsion of the intruding organism. By
blocking the resulting TH2 -type immune reaction with corticosteroid pre-treatment, it
has been shown that it is the immunologic response rather than the micro-organism in
itself that causes the hypermotile state35. Not only function but also intestinal structure
can be affected by this immune response, seen as an increased thickness of the
muscularis propria layer36. These are all short-term observations (days-weeks) that
cannot give rise to symptoms compatible with IBS and be generalized to all types of
inflammatory reactions. Inflammation-induced persistent motor dysfunction in rat
models have in at least one instance been seen up to the level of 12 weeks, qualifying
for a time period consistent with a FGID37. Other mechanisms seem to be active in this
development where TGF-E and COX-2 up regulation and resulting prostaglandin
synthesis are suggested to be involved38-40. As a contrast to this, it is important to note
that not all types of inflammation give rise to gut hypercontractility. Thus, macrophagedominated inflammation secondary to for example mechanical manipulation of the
bowel may induce a state of hypomotility that is evident in the post-operative period41,
42
.
Ulcerative colitis (UC) and Crohn´s disease (CD) have been instrumental to better
understand the impact of inflammation on human GI motor function. In 1990 Rao el al
showed that mouth to caecum transit in patients with active UC was significantly
slower than in inactive UC controls. Gastric emptying was similar in both groups, but
colonic transit was segmentally affected in active UC. Stasis was shown in the
proximal colon and quick passage in the rectosigmoid region, an abnormality not seen
in quiescent UC43. Reddy et al combined colonic manometry and transit studies in UCpatients, and found decreased colonic contractility, but increased low-amplitude
propagated contractions44. These results could explain the variable segmental transit
times observed by Rao.
Ano-rectal function in IBS is a field of proposed diagnostic interest. In active and
quiescent UC, studies show a lowered resting rectal contractility but abnormally strong
contractions in response to distension with saline compared to healthy controls45. Much
the same is seen in CD with more severe impairment (lowered resting and squeeze
pressures, lowered rectal compliance) in parallel with increasing severity of the
6

inflammation46. Inflammatory influence of this kind could theoretically be one possible
mechanism underlying rectal dysfunction in IBS.
Patients with quiescent CD are known to express GI symptoms of functional character.
When investigated with antroduodenojejunal manometry this is confirmed by
abnormalities both in the fasting (reduced total number of contractions, increased
number of single propagated and clustered contractions, absence of phase-III activity)
and the postprandial state (antral hypomotility)47.
1.7.2 Inflammation - Gut sensory function
The acute effects of transient inflammation on gut sensory function can be reasonably
investigated in rat-models. Experimental colitis induced by chemical irritants or a
transient infection has been most widely used. In these models, a lowered threshold for
colorectal distension (CRD) induced pain (as measured by abdominal muscle
contractions) has been repeatedly shown48-50.
Since IBS is a chronic, recurrent condition, animal models of long-term sensory
dysfunction would reflect more appropriately the human pathophysiology underlying
IBS. There is one study examining this for a time period that would fulfil the time
criteria for IBS as defined by the Rome I and II criteria, i.e. more than 12 weeks. The
result supports the inflammatory theory since the acid/ethanol induced colitis produced
hypersensitivity to CRD which persisted for 17 weeks, thus providing a useful model in
which to investigate the long term consequences of inflammation on the sensory system
37
.
In humans with active UC, rectal hyperalgesia to distension has been described51, 52.
However, data suggest that in UC in remission, rectal hypersensitivity recovers53. The
role of gastritis associated with Helicobacter pylori (HP) infection in dyspeptic
symptom generation and gastric dysfunction is even more debated. HP infected
individuals would be found in higher numbers than expected in functional dyspepsia
(FD) if this bacteria was a factor of importance for the symptoms. This is not obvious
in epidemiological studies looking at FD as a group54, but perhaps if looking at
subgroups in the dyspeptic population55. Data from studies on gastric sensory and
motor function in HP-positive patients, and the effect of HP-eradication upon them, are
still much in conflict56, 57, but it is definitely a human model of the same importance as
post-infectious IBS (PI-IBS) to investigate in order to understand what a superficial
inflammation in the mucosa means in terms of symptoms and GI function.
1.8

POST-INFECTIOUS IBS

The observation of high numbers of patients developing persistent IBS symptoms after
an acute bout of infectious gastroenteritis can be considered a prototype example as to
how immune mediated mechanisms may play a role in the pathogenesis of IBS. Early
descriptions emanate from observations in World-War II soldiers returning from North
Africa and Asia with continuing GI symptoms after bacterial or amoebic enterocolitis58.
Chaudhary and Truelove later reported in the same manner that confirmed, or
suspected, bacterial or amoebic dysentery, seemed to be a risk factor in the
7

development of the irritable colon syndrome4. During the last ten years the
development of PI-IBS has been confirmed by independent authors and has gained full
recognition as a clinical reality. The incidence of PI-IBS has been found to vary
between 4-31% of subjects involved in a single episode of infectious gastroenteritis 31,
32, 59-63
. Differences in study design may account for the wide incidence range. Criteria
applied for diagnosis (Manning criteria, Rome I or II criteria, primary care physician
without specified criteria), length of follow up, retrospective or prospective data
collection, careful exclusion of pre-existing IBS, use of stool culture or not as an
inclusion criteria and patients’ clinical setting (in- or outpatients, primary or tertiary
care) are all factors that may be responsible for the outcome differences. The highest
reported incidence (31%) of PI-IBS one year after hospitalization for Salmonella foodpoisoning61, may not directly translate to the clinical reality most doctors see. On the
other hand, the lowest incidence (4%) may be an underestimation, since this study
extracts data from a general practice research database. This low incidence may be
related to a poor accuracy of patients’ inclusion in the study since microbiological
confirmation of bacterial gastroenteritis was obtained in a small proportion of enrolled
patients (stool culture is taken in approximately 1 of 10 patients with suspected
bacterial gastroenteritis in the UK). Nonetheless, this study showing a 11-fold increase
in incidence of IBS after a gastroenteritis, has the advantage to be controlled over a
group of non-infected subjects obtained from the general population63. Looking only at
studies where stool culture are obligate, more sensible figures of incidences of PI-IBS
of 7 and 13.8%, likely reflect what clinicians see in daily practice59, 62. These figures
also match a study of self-reported data on the presumed post-infectious or non-specific
development of IBS symptoms conducted by hospital specialists (6%), or in the general
practice setting (17%)64. The majority of published studies on PI-IBS studied the
pathogenetic role of bacterial infections in symptom generation. There are limited data
on the role of viral gastroenteritis in the development of PI-IBS or other FGID. There
are limited data on the role of viral gastroenteritis in the adult population.
For the individual patient, chance to recover is important. A six year follow up showed
that 6 of 14 (43%) patients with PI-IBS had recovered compared to 4 of 13 (31%) with
non-specific IBS31. Although these figures would suggest that the disappearance of
symptoms in PI-IBS is similar to that found in non-specific IBS, larger studies would
be necessary to define the prognosis of PI-IBS.
1.9

IBS AND INFLAMMATION

1.9.1 Histopathology studies
The first report of a study looking for inflammation in IBS dates back to 1962. Hiatt
and Katz reported “a definite increase” in mast-cell number in the muscularis propria
of colon resection specimens from four patients with spastic colitis compared to five
healthy controls65. Mast-cells have continued to gain attention as a possible cause of
IBS-symptoms because of their potent pro-inflammatory content that can alter both
neural and smooth muscle function (histamine, tryptase, nerve growth factor, PGE2 etc)
(for review, see Barbara et al66). In 1993 Weston et al noted an increased mast-cell
count in mucosal biopsies from the terminal ileum of 20 IBS-patients defined with
Manning criteria compared to 15 controls67. The numbers were highest in the diarrhea8

predominant group of patients. Colonic assessment by O´Sullivan et al noted a regional
difference where ceacal mast-cell density were found to be higher in 14 IBS-patients
compared to 7 controls68. Once again diarrhea or alternating bowel habits (12/14)
dominated the IBS-group. During the last years, two studies have been published where
attempts to investigate mast cell activity and proximity to mucosal nerves have been
made using electron microscopy69, 70. In both, it was shown that mast cells in close
proximity to mucosal nerve endings were more common in IBS than in controls. In the
study by Barbara et al, it was also shown that mast cells of IBS patients were more
frequently degranulated and released an increased amount of the specific mediators
histamine and tryptase. Interestingly, mast cells in close proximity to mucosal nerve
endings were correlated to the intensity of abdominal discomfort and pain69. This is the
only study so far that has been able to make a connection between a histopathologic
observation and symptoms of IBS.
Immune activation in a wider sense, defined by general cellularity or intraepithelial and
lamina propria T-lymphocyte counts, has been proposed by several authors
investigating the whole of 71, 72 or different parts of colon and rectum59, 60, 73. In the
rectum, the enterochromaffin cell (EC-cell) has drawn attention in the PI-IBS setting,
with elevated counts compared to non-IBS controls59, 73. The high content of
neuropeptides and especially serotonin in the EC-cell makes it a target for research
considering the physiologic effects of these peptides in GI motility, sensory function
and neurogenic inflammation.
1.9.2 Signs of immunologic alterations in IBS
Cytokine content in the rectal mucosa is a novel way of investigating the problem if the
discrete findings of immune activation in IBS objectively and reliably can be verified.
A small study involving 8 patients with PI-IBS and 18 healthy controls, showed an
increased expression of interleukin (IL)-1ȕ mRNA in the rectal mucosa of PI-IBS
patients, 3 months after the infection74. This field will probably be thoroughly
investigated in the close future involving more cytokines and longer follow-up periods.
Lately two studies looking at systemic levels of cytokines have been published. The
first claimed a warped IL-10/IL-12 ratio in a pro-inflammatory direction in IBS patients
compared to healthy controls75, the second found higher basal levels of IL-1ß, IL-6 and
TNF-Į, especially in diarrhea predominant IBS76.
Finally, genetics is starting to be of interest also in IBS. Gonsalkolare et al have
published a first suggestion in 2003. They found a reduced frequency of the highproducing IL-10 allele in 230 unselected IBS-patients compared to non-IBS controls
(21% vs 32%)77. This was in part contradicted two years later when van der Veek could
not show this for the IL-10 allele alone, but a weak overrepresentation of the
combination high-producing TNF-D / low producing IL-10 alleles was represented in
the investigated IBS-population compared to healthy controls78.
1.10 HUMORAL IMMUNE MECHANISMS AND GI DYSMOTILITY
Not only cellular immunity, but also humoral immune mechanisms may serve as a
putative pathogenetic mechanism in IBS. In severe forms of both primary and
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secondary gut dysmotility, circulating antibodies directed toward neural structures are
known to exist. Most well known are perhaps the anti-Hu (ANNA-1) antibodies with
binding affinity to the neural Hu-proteins that have an important function in neuron
development and survival processes79. Application of serum with high concentration of
anti-Hu has been shown to be able to induce neuron death by apoptosis80. These
antibodies are associated with malignancies, small-cell lung carcinoma most common,
as are also other antibodies like those binding to voltage-gated calcium channels and
the ganglionic acetylcholine receptor. The concept of molecular mimicry with crossreactivity between an original protein structure and a host protein is the main
hypothesis for this phenomenon to happen. In cases of secondary gut dysmotility, this
is easy to apply, but less so in primary cases. Even so, descriptions of this are present
for anti-ganglionic81, 82 and anti-potassium channel83 antibodies.
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2 AIMS
Since the pathophysiology of IBS indicates an enteric neuromuscular dysfunction as a
possible pathogenetic mechanism the following hypotheses and aims were central to
the studies included in this thesis:
x

x

x
x

x
x

Study I investigated if patients with severe IBS have neuromuscular or
inflammatory abnormalities in their bowel wall when examined by
immunohistochemistry in full thickness jejunum biopsies.
The primary aim of study II was to compare bowel wall morphology in severe
IBS with a group of patients without functional gastrointestinal symptoms. In
this study the pathologist was blinded with regard to patient group in order to
judge the accuracy of reported pathology in study I.
The secondary aim of study II was to see if any histopathologic finding
correlated with the presence of IBS-symptoms.
Study III tested the hypothesis that a proportion of patients with GI dysmotility
and enteric neuropathy might have circulating antineuronal antibodies involved
as a pathogenetic mechanism.
In study IV the primary aim was to describe the natural history of postinfectious GI symptoms.
The secondary aim of study IV was to look for risk factors for development of
post-infectious GI symptoms.
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3 MATERIAL AND METHODS
The patients included in study I, II and III were given oral and written information
before consenting to participate. In study IV, written information was included in the
questionnaire. By returning it with the data we asked for provided, consent was
assumed as given. The local Ethics Committee at Karolinska University Hospital
Huddinge, Stockholm, Sweden, approved all studies.
3.1

SUBJECTS

3.1.1 Studies I and II
Recruitment of patients was performed during the periods 1988-89 and 2002-2006.
Consecutive patients seen at our outpatient clinic who met the following inclusion
criteria were asked for consent to participate:
1. Fulfilment of the Rome-I9 (study I) or Rome-II10 (study II) criteria for the diagnosis
of IBS.
2. Need for referral to a specialist in gastroenterology.
3. Sick-listing from work because of IBS symptoms for >1 month during the last year.
4. Normal or non-specific findings in ambulatory 24h small bowel manometry.
5. Age 18-60 years
6. No contraindications for anaesthesia or laparoscopic surgery
Criteria 2 and 3 were used to define severity and criterium 4 was used to rule out
objective dysmotility compatible with other diagnoses than IBS. A thorough clinical
investigation, by far exceeding the one normally performed in the evaluation of
suspected functional GI symptoms preceded the decision to perform the laparoscopy. In
most cases this included various combinations of the following: blood chemistry
(erythrocyte sedimentation rate, hemoglobin level, leukocyte count, electrolytes, liver
function tests, pancreatic amylase, thyroid function tests), gastroscopy with biopsy
from duodenum, colonoscopy or rigid or flexible sigmoidoscopy with biopsies if
diarrhea was a predominant symptom, x-ray investigations of colon and the small
bowel, abdominal ultrasound or computed tomography, lactose tolerance test and faecal
culture including ova and parasites. If there was a clinical suspicion, additional tests
regarding nueroendocrine tumours, porphyria or spontaneous intestinal bacterial
overgrowth was performed. A screening regarding relevant autoimmune disorders was
done with the use of autoantibodies.
The control groups in study I was a combination of the following:
-Intraepitelial lymphocyte (IEL) count: Terminal ileal biopsies from 20 patients
undergoing colonoscopy for adenoma control and in full-thickness jejunal biopsies
from 10 patients diagnosed with visceral degenerative neuropathy in regular clinical
practice.
- Peri- and intraganglionic lymphocytes (PIGL): Tissue from jejunum, ileum and colon
from 15 autopsies from deceased patients without known functional bowel disorder.
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The control group in study II were recruited from a patient population with morbid
obesity undergoing open gastric by-pass surgery. All were checked for absence of
functional bowel symptoms compatible with a FGID by a detailed medical history and
a validated Rome II symptom questionnaire. Jejunum tissue was procured during the
construction of the Roux-en-Y by-pass limb.
3.1.2 Study III
Patients were recruited from those presenting with clinical and physiological evidence
of established motility disorders (IBS, ED, STC and CIP) with a common denominator
in the form of a histopathologic diagnosis of visceral neuropathy with or without
lymphocyte infiltration in and around the myenteric plexus.
3.1.3 Study IV
In this study, 717 of the original 851 patients taking part in “Tarm 97”84, a previous
study at the Department of Infectious Diseases at Karolinska University Hospital
Huddinge could be identified for having a questionnaire sent to by mail. They had had a
thorough microbiological investigation performed in the initial study that characterized
the rates at which potential enteropathogens could be isolated from stool specimens in
adults suffering from an acute diarrheal disease.
3.2

FULL-THICKNESS JEJUNUM BIOPSY (I, II)

This technique has been developed as part of an ongoing research program at our
department regarding the characterization, follow-up and treatment of severe GI
dysmotility, mainly CIP. In this group of patients with high risk for surgical
complications, the method has proved to be safe in the hands of our surgeons and
retrieves high quality jejunum tissue specimens. It is performed as follows:
Two 2-4 cm incisions are made; one is situated below the umbilicus and one in the left
fossa. A bowel loop of the proximal jejunum is identified laparoscopically and is then
exteriorised through the incision below the umbilicus. The full-thickness biopsy is
taken with a surgical knife, retrieving a minimum size of 5 x 3 mm muscle area. The
bowel loop is then closed with two layers of absorbable suture and repositioned into the
abdomen. Visual inspection of the sutured bowel loop is performed laparoscopically
before closing the incisions in the abdominal wall. The patient is then observed for
complications during 24 hours and allowed to eat and drink before leaving the hospital.
3.3

HISTOPATHOLOGIC PROCESSING (I, II, III)

3.3.1 Biopsy preparation
In study I, the tissue from IBS-patients was immediately brought to the Dept of
Pathology for preparation. In study II, it was pinned and oriented on a cork-plate with
the mucosa downwards and placed in 4% buffered formalin already at the operating
theatre. The tissue in study III belongs in part to patients included in study I and II and
was handled as already described, in part they were independently recruited and in that
case handled as in study I. The circular bowel samples from the obese control group in
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study II was gently cut with a surgical knife to the same size as a laparoscopically
obtained specimen with identical treatment thereafter. Following formalin fixation for
no longer than 72h, the specimens were cut and embedded in paraffin. One or two
paraffin blocks were prepared for traditional transverse sectioning and one for
tangential sectioning. Evaluation of all layers of the intestinal wall was done in 4 µm
transverse sections that were made at three different levels of the tissue-block
containing 3 serial sections each. In the paraffin blocks used for tangential sectioning
the approximate distance between the peritoneal surface and the intermuscular layer as
well as the thickness of this layer was determined on transversal sections. From this
measurement the whole intermuscular layer containing the myenteric plexus was cut in
serial sections at 8 levels containing 8 sections/level. The tangential embedding and
serial sectioning allowed us to visualize large areas of the myenteric plexus (Figure 2).

Figure 2. Tangential sectioning of a full-thickness jejnunum biopsy allows
visualisation of large areas of the myenteric plexus, represented by the dark areas in this
picture. S100 stain (Schwann cell, glia cell)
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3.3.2 Biopsy staining
The following stains and antibodies for immunohistochemistry were used:
Aims, targets

Stain and antibodies

General assessment, morphometry

Haematoxylin & eosin

Connective tissue

Masson trichrome

Mast cells

Giemsa, CD117

Neuronal chromatolysis

Kresylviolet, Giemsa

Inclusions/secondary lysosomes/glycogen

PAS, PAS-diastase

Neurons

Neurone specific enolase, neurofilament,
PGP 9.5 , synaptophysin, substance P ,
bcl-2, alfa-internexin , vimentin

Schwann cells, glial cells

S100

Interstitial cell of Cajal

CD117 (c-kit)

Smooth muscle cells

Actin, smooth muscle actin (D-actin),
desmin

Lymphocytes

CD3

Only in study II
3.3.3 Biopsy evaluation
A general histologic evaluation was performed in transverse sections including
evaluation of mast cell and eosinophil numbers in relevant stains. The number of IEL
was determined on CD3-stained sections by counting at least 300 epithelial cells of the
small intestinal villi. Areas in the vicinity of lymphoid aggregates within the lamina
propria were not counted. The IEL-count was expressed as the number of IELs per 100
epithelial cells. The thickness of the circular and longitudinal muscle layers was
determined by using an ocular micrometer in areas with good orientation of the tissue.
The PIGL count in the myenteric plexus was determined in tangential sections by
counting all lymphocytes within a radius of 50 µm from the border of the ganglion
including those inside. At least 20 ganglia were counted. ICC was evaluated in
tangentially embedded CD117-stained sections. In study I this was done by a nonstandardised method. In study II, the number of cellular nuclei of the ICC was recorded
within the intermyenteric/periganglional plexus (ICC-AP) and within the whole circular
muscle (ICC-CM). The submucosal ICC close to the circular muscle layer was not
counted. The number of ICC-AP was given as ICC-nuclei per 1 mm length of
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myenteric plexus, whereas the number of ICC-CM was given as ICC-nuclei per 1 mm2
circular muscle.
In study I, the pathologist was aware that the tissue was from a patient with symptoms
of GI dysmotility, but not the clinical diagnosis. In study II, the pathologist was blinded
with regard to which patient-group the tissue belonged.
All of the IBS-patients included in study III were part of either study I or II as well,
while the patients with other clinical diagnoses were investigated as part of ongoing
clinical evaluation of severe dysmotility with methods according to study I.
3.4

IMMUNOPRECIPITATION ASSAYS (III)

All the assays used are part of the routine clinical practice at the Institute for Molecular
Medicine, University of Oxford, John Radcliffe Hospital, Oxford, UK. In general terms
the immunoprecipitation is quantified by radio-immuno-assay (RIA) of a detergentextracted channel-protein labeled with specific 125I-neurotoxins. The crucial parts of
ensuring the specificity of the extracted channel proteins have been done previously81,
85-88
. Patient sera are incubated with the labeled channel-protein in order to achieve
immune-complexes if antibodies directed to the channel-protein exist. Adding antihuman anti-bodies cross-links these complexes into even bigger structures containing
radiolabeled channel-proteins in proportion to the titer of anti-channel-protein
antibodies. After spinning and rinsing, the resulting gamma-radiation is measured in a
gamma-counter and compared to a known reference and negative controls in order to
quantify the anti-body titer. The different steps are shown schematically in Figure 3.

Figure 3. Technique used in the detection of membrane bound ion channels
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The following channel-protein sources and corresponding neurotoxins were used:
1. Voltage-gated potassium channels (VGKC)
Rabbit brain (source of channels)
125
I-Į-dendrotoxin (green mamba snake toxin)
2. Voltage-gated calcium channels (VGCCs)
Human cerebellum (source of channels)
125
I-Ȧ-conotoxin MVIIC (P/Q-type) or
125
I-Ȧ-conotoxin GVIA (N-type)
(marine snail toxins)
3. Neurone-specific nicotinic acetylcholine receptor (nAChR) D3 subunit
Commercial cell line, IMR32 (source of AChR)
125
I-epibatidine (frog toxin)
Regarding the immunoprecipitation of antibodies directed towards glutamic acid
decarboxylase (GAD), 125I-recombinant GAD was used.
A second investigator rechecked all positive results.
3.5

FOLLOW-UP METHODS REGARDING PERSISTENT GI SYMPTOMS
(IV)

3.5.1 Questionnaire
A non-validated questionnaire was used, designed in a simple fashion in order to
retrieve as many answers as possible. A reminder was sent after 2 months to those who
had not responded. The questions were:
1. Have you had persistent stomach trouble after the acute intestinal infection?
Yes or no to mark in boxes.
2. If you answered Yes to question 1, put a cross under each year in which you had
stomach trouble.
The years 1997-2002 were presented with boxes to mark.
3. Did you use to have stomach trouble before you had the acute intestinal infection?
Yes or no to mark in boxes.
4. Have you been told by a doctor that you have a gastrointestinal disease?
Yes or no to mark in boxes.
If yes, which gastrointestinal disease?
5. Have you been told by a doctor that you have some other disease?
Yes or no to mark in boxes.
If yes, which disease?
A definition of “stomach trouble” was given in the introduction:
One or several of the following symptoms, either continuous or periodical (altogether at
least 3 months in a year): Stomach pain, gases/flatulence, nausea/vomiting, disturbed
bowel function (diarrhoea, constipation or alternating bowel habits).
The following combination of answers indicated the possibility of persistent GI
symptoms in a previously asymptomatic person: Q1 = Yes, Q2 = Marked 1997 +/-
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more, Q3 = No. A concomitant diagnosis indicated in Q5 that was incompatible with
the diagnosis of a FGID excluded the patient.
3.5.2 Telephone-interview
Each person who gave a combination of answers compatible with persistent GI
symptoms after the infectious diarrhoea was sought for a telephone interview. If the
patient was not already diagnosed as having an organic disease, a symptom-based
diagnosis was made, following the Rome-II criteria for FGID10.
3.5.3 Recall-bias
Recall bias was checked for by referring to the questionnaires from the “Tarm 97”
study regarding previous GI disease mentioned by the patient at that time. The county
diagnosis register and available medical records were used as additional check-ups for
organic diseases interfering with the diagnosis of a FGID. One age and gender matched
control (Q1 = No) was selected for each patient. They were all interviewed by
telephone to check the validity of symptom reporting by the questionnaire.
3.6

STATISTICAL METHODS

No statistical methods were applied in study I. In the other three studies nominal data
were compared using the Chi-squared test or Fisher´s exact test. Parametric data were
compared by Student’s t-test. Multiple regression analysis was performed to test for
independent significance. P-values <0.05 were considered statistically significant.
Statistical analysis was carried out with the software package StatView for Windows.
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4 RESULTS
4.1

HISTOPATHOLOGY (I, II)

4.1.1 Study I
Ten patients (8 females) with severe IBS were included. A full-thickness biopsy from
the jejunum of sufficient size was obtained without complications in all of them.
Four patients had intraepithelial lymphocytosis when we used the upper normal limit of
26 IEL/100 epithelial cells (mean of controls +3 standard deviations (SD)). Villous
architecture was normal in all of them. No signs of inflammation were noted in the
lamina propria of any patient. A peculiar hypertrophy of the longitudinal muscle layer
was noted in nine patients, the tenth specimen had a mechanical artefact that made this
assessment impossible.
Regarding the myenteric plexus, a striking difference was seen between the autopsy
controls and the IBS patients. The numbers of PIGL in the autopsy controls were scanty
with only about one T-cell seen per 5 ganglia (mean 0.17/ganglion, SD 0.63). In
comparison, 9 of 10 IBS patients had PIGL mean numbers in the range 1.97.1/ganglion. Apart from the higher counts in IBS, T-cells were in closer contact or
inside the ganglia in a way that was not seen in the autopsy controls. In seven IBS
patients, six of them in combination with high PIGL-counts, there were signs of
neurone degeneration defined as cytoplasmic swelling and vacuolisation or shrunken
(pyknotic) or ruptured nuclei (karyorrhexis). No abnormalities were found in the
submucous plexus on transverse sections.
Judgment of the ICC-AP and ICC-CM regarding number and morphology indicated an
increase in both number and size in 4 IBS patients and a decrease in ICC-AP in yet
another 2. No reference values exist.
4.1.2 Study II
Seven patients (all females) with severe IBS were included, and 10 obese controls (7
females). A full-thickness biopsy from the jejunum of sufficient size was obtained
without complications in all of them.
IBS-patients
One had an IEL number exceeding 30/100 epithelial cells that for the moment is the
upper normal limit in clinical practice. Villous architecture was normal. None of the
IBS patients showed the longitudinal muscle hypertrophy seen in study I, but in 2 an Dactin deficiency was seen in the circular smooth muscle layer.
Ganglionitis affecting the myenteric plexus, which is the combination of inflammation
and neuropathy, was diagnosed in 4, with mean T-cell numbers ranging from 2.35.6/ganglion. The remaining 3 had findings of visceral neuropathy not associated to
lymphocyte infiltration.
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Table 1. Summary of parameters evaluated in both study I and II. MP = Muscularis
propria, IEL = Intraepithelial lymphocytes per 100 epithelial cells, ND = Degenerative
neuropathy, PIGL = Peri- or intraganglionic lymphocyte count, ICC-AP =
Intermyenteric/periganglional interstitial cell of Cajal
Gender/
Age

Group

MP

IEL

ND

PIGL

Ƃ 45

IBS (C)

LMH

27

No

7.1

-

ILEG

Ƃ 43

IBS (A)

LMH

<26

Yes

3.2

-

LG

Ƃ 40

IBS (D)

LMH

41

Yes

3.2

-

ILEG

Ƃ 47

IBS (A)

LMH

14

Yes

0.3

-

ND

ƃ 23

IBS (A)

LMH

13

No

3.5

-

LG

Ƃ 24

IBS (D)

LMH

<26

Yes

2.5

-

LG

ƃ 55

IBS (C)

LMH

23

Yes

1.9

-

LG

Ƃ 47

IBS (D)

LMH

17

No

2.5

-

LG

Ƃ 24

IBS (A)

LMH

36

Yes

2.6

-

ILEG

Ƃ 50

IBS (A)

Not done

37

Yes

4.3

-

ILEG

Ƃ 39

IBS (C)

Normal

19

Yes

5,6

15

LG

Ƃ 54

IBS (C)

v-actin p

8

Yes

0,1

2

ND + v-actin p

ICCAP

Histopathologic
diagnosis

Ƃ 52

IBS (D)

Fibrosis

9

Yes

2,3

5

LG + Muscle fibrosis

Ƃ 36

IBS (D)

v-actin p

14

Yes

3,9

25

LG + v-actin p

Ƃ 54

IBS (C)

Normal

8

Yes

1,3

27

ND

Ƃ 42

IBS (D)

Normal

32

Yes

3,3

39

ILEG

Ƃ 51

IBS (C)

Normal

9

Yes

0,1

27

ND (suspected)

Ƃ 40

Control

Normal

25

Yes

5,5

34

LG

ƃ 47

Control

Normal

18

No

0,6

17

Normal

Ƃ 32

Control

Normal

38

No

0,4

21

Normal (IELn)

ƃ 50

Control

Normal

9

Yes

2,7

36

LG

ƃ 54

Control

Normal

22

No

0,2

18

Normal

Ƃ 55

Control

Normal

16

Yes

1,3

19

LG

Ƃ 55

Control

Normal

9

Yes

1,9

28

LG

Ƃ 42

Control

Normal

19

Yes

2,3

22

LG

Ƃ 40

Control

Normal

21

Yes

1,5

20

LG

Ƃ 51

Control

Normal

18

Yes

0,4

17

ND

LG-diagnosis based on location of T-cells rather than T-cell number exceeding 2/ganglion.
ICC-AP were not evaluated by comparable methods in study I and II.
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This time the ICC-number was counted in a standardised way and found to be low
regarding ICC-AP in two patients
Obese controls
One had an IEL number exceeding 30/100 epithelial cells but with normal villous
architecture. The muscularis propria was judged to be normal in all controls.
The diagnosis of ganglionitis was made in 6 controls where three had PIGL numbers
less than 2/ganglion that is used as a cut-off for normality in clinical practice (mean
number + 3 SD from study I). The localization of T-cells inside ganglia and
concomitant signs of neuropathy made the pathologist use this diagnosis anyway.
ICC numbers were normal in all controls and three of 10 had a normal jejunum as
histopathologic diagnosis.
A summary of parameters from both studies are given in Table 1.
4.2

AUTOANTIBODIES IN ENTERIC NEUROPATHY (III)

A total of 33 patient sera were tested. Of these, 25 had lymphocytic ganglionitis or
epithelioganglionitis, 8 had degenerative neuropathy without signs of inflammation.
Their clinical diagnoses were 12 with IBS, 9 with STC, 8 with CIP and 4 with ED.
Two of 33 patients, both with IBS, were found to have positive antibody titers. One had
anti-VGKC antibodies and one had anti-Į3-nAChR antibodies. Both had
histopathologic diagnoses in full-thickness jejunum biopsies that included lymphocytic
ganglionitis, one of them also in combination with intraepithelial lymphocytosis. Their
clinical diagnosis was IBS with diarrhea predominance with de novo onset in adult life.
The patient with anti-VGKC antibodies had a post-infectious start.
No antibodies were detected to GAD or VGCCs.

4.3

PERSISTENT GASTROINTESTINAL SYMTOMS AFTER INFECTIOUS
DIARRHEA (IV)

4.3.1 Proportion suffering from GI symptoms three months or longer
In total 508 questionnaires were returned of which 333 were from patients with no
previous GI complaints. Of these, 41 (12%) reported GI symptoms persisting for 3
months or more after the infectious diarrhea.
4.3.2 Risk factors
Women had a higher risk than men of developing persistent GI symptoms, with an
odds ratio (OR) of 2.65 (95% CI=1.28–5.50, p=0.008 Fisher´s exact test). Use of
antibiotics during the initial diarrhea episode was significantly more common in the
group developing persistent GI symptoms, OR 2.37 (95% CI=1.07–5.25, p=0.05,
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Fisher´s exact test) compared to those who did not. Apart from these two independent
risk factors, no other clinical symptoms, signs or measures were correlated to an
increased risk for persisting GI symptoms (e.g. type of pathogen (Figure 4), need for
hospital stay, need for intravenous fluid substitution, abdominal pain, fever etc).
4.3.3 Diagnoses
IBS was the most common diagnosis in those suffering from GI symptoms 3 months or
longer. Notably, 1 out of 3 had a constellation of symptoms qualifying for other FGID.
Figure 5 summarizes the diagnoses.
4.3.4 Prognosis
At the end of the five-year period 9 (22%) had recovered and 32 still had symptoms of
sufficient severity and frequency to qualify for a diagnosis of a FGID.

Figure 4. Proportion of patients suffering from GI symptoms for three months or more
divided by isolated pathogen. No one is an independent risk factor for continuing
symptoms.

Figure 5. Symptom-based diagnoses according to the Rome II criteria.
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5 GENERAL DISCUSSION
The central part of this thesis was the investigation of full-thickness jejunum biopsies in
patients with a diagnosis of IBS. This has never been done before, but the technique is
well established from clinical studies in patients with severe gut dysmotility, mainly
CIP, at Karolinska University Hospital Huddinge. With the total burden of illness in
mind, both for the individual patient and the general society, the risk:benefit ratio of the
procedure seemed safe which so far has turned out to be true, at least regarding the risk
taken. Since the benefits are not obvious for the moment, the two studies have been
limited in size, but still provide us with a unique material. The novel parts of the
histopathological findings will be discussed briefly with the possible benefits of the
studies I and II in mind, followed by the major findings in studies III and IV.
5.1

HISTOPATOLOGY IN FULL-THICKNESS JEJUNUM BIOPSIES

5.1.1 Why investigate the small bowel in IBS?
All parts of the GI tract is involved in the pathophysiology of IBS (see section 1.4). To
select one part as more probable as the other to give insight into the pathogenesis must
include a big portion of guessing. We found the small bowel with its extensive area of
contact with a massive antigenic load that must be handled on an everyday basis as
highly interesting. It provides a controlled “leakiness” for optimal nutrition and at the
same time protection. In IBS this control has been shown to fail in certain
circumstances, like after a gastroenteritis73, 89. A putative mechanism for provocations
involving neuro-immune interactions needs to be looked at in more depth, both literally
and metaphorically. Mucosal biopsy studies have already provided us with insights that
the immune system may be activated in IBS (see section 1.9.1), not by a frank
inflammation like in inflammatory bowel disease, but rather by a subtle increase in
number of particularly T-cells and mast cells. Already in the mucosa and submucosa
with its sensory nerve endings and submucosal nerve plexa, evolving concepts of
neurogenic inflammation and cell-nerve interactions at a subcellular level continues to
change the way we look at FGID in general and IBS in particular. Investigations
involving all layers of the bowel wall must be superior to a mucosa biopsy. Still,
whichever method is used, histopathology can only provide us with a snapshot of what
is going on. The plasticity of both ENS structure and immune interactions would be
better studied by repeated investigations, something that still is impossible by the blunt
methods we use.
5.1.2 Lymphocytic ganglionitis
Experimental gut inflammation induces electrophysiologic hyperexcitability judged by
action potential discharge and the occurrence of spontaneous activity90, 91. Mechanisms
underlying this have been explored in a number of ways with different inflammation
inducing substances or organisms and exogenous administration of specific cytokines.
The picture is that of selective neuron sub-type involvement depending on the testenvironment. At least from a theoretical point of view, the pathophysiologic alterations
observed in IBS regarding motility and sensory function could be the result of such an
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inflammatory insult, changing ENS function for longer times than what has been shown
in experiments.
Infiltration of lymphocytes in and around the myenteric nerve plexus of the alimentary
tract has been reported before in idiopathic dysmotility diagnoses such as achalasia92,
gastroparesis93 and CIP93-95. Direct comparison with other studies is difficult to perform
since our way of reporting PIGL density in a standardized manner is new. One might
suspect though that the lymphocyte count is of importance. High numbers of PIGLs has
only been seen in severe gut motor failure. Of notice is that not only the number, but
also the type of lymphocytes may be an important predictor of the clinical
pathogenicity and the resulting symptoms of what can be observed in the microscope.
The ratio of CD8+:CD4+ cells in the lymphocyte population are reported to be higher
in patients with CIP and achalasia compared with the normal 1:2 ratio92. Recent studies
have also shown that CD4+ lymphocytes may mediate an analgesic effect of a chronic
inflammatory infiltrate via an E-endorphine mechanism96, 97. An inflammatory response
with a relative decrease in CD4+ cells may theoretically be a risk factor for abdominal
pain or discomfort to accompany it. Our finding in study IV of comparable PIGL
counts in some patients with morbid obesity as in patients with severe IBS does
therefore not rule out its role as a possible pathogenetic mechanism in the production of
GI symptoms of IBS character, rather tells us that it is not a unique finding of IBS. A
recent study by Ohlsson et al98 also reports of lymphocytic ganglionitis without
correlation to symptoms of IBS or dyspepsia in patients with UC and CD. A major
problem in this study seems to be the separated collection times for gut tissue and
symptom registration. Further characterisation of the lymphocyte infiltration and its
inflammatory mediators will be an interesting subject to develop in the future.
5.1.3 Enteric neuropathy
The mechanisms leading to enteric neuropathies are incompletely understood.
Regarding inflammation as a potential mechanism for the development of enteric
neuropathy, a consistent finding is that of neuron loss99. The extent differs with regard
to the way neuron density has been assessed. We report signs of visceral neuropathy in
a high proportion of patients and obese controls, 14 of 17 with IBS and 7 of 10 with
morbid obesity. Notably, those seven patients and controls having neuropathy without a
concomitant PIGL count >2 belong to an older age group, all being 47 years or older at
the time of investigation. A natural degenerative process related to e.g. oxidative stress
or increasing mitochondrial dysfunction can be postulated to occur with increasing age
in the same manner as is happening in the CNS100. The picture gets even more complex
if one takes into account what has been reported from investigations of the small
intestine myenteric ganglia in the guinea-pig. Gaballa et al noted a substantial loss of
neurons with increasing animal age, at the magnitude of 40-60%, when comparing 3
young (3-4 months) and 5 old (26-30 months) guinea-pigs101.
When there is significant loss of myenteric neurons as in achalasia and some cases of
end stage neuropathic CIP, the assumption that observed pathology is causing the
symptoms is intuitive and is thus generally accepted. This is less clear in other cases
with minor morphologic neural damage as reported by us. Relying on animal models of
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enteric neural damage and human models like in achalasia and Mb Hirschprung, the
assumption that even minor neural damage may cause symptoms seems plausible. In
study I we hypothesized that the observed longitudinal muscle hypertrophy could be a
result of either nerve damage102 or secondary to inflammation36 with a preponderance
for the nerve damage since muscle hypertrophy was observed also in the one patient
without signs of myenteric inflammation. Indirect functional effects are one way to
interpret a pathogenetic role that we failed to reproduce in study IV. Two recent studies
favours the possibilities that a thickened muscularis propria of the bowel wall may be a
surrogate marker for a functional disorder (IBS103 and functional esophagel
symptoms104) worth to continue investigate in the puzzle of observations we have at
hand.
5.1.4 The interstitial cell of Cajal
The ICC has a close relationship to enteric neuromuscular function. It is critical for the
generation of electrical slow waves that regulate the phasic contractile activity in the GI
tract. In CD105, and recently also in UC98, a marked reduction or almost complete
abolition of ICC has been reported which shows that inflammatory damage may affect
this cell population. The problem is to define the span of normality if we try to judge
more subtle ICC pathology. In study I, the interpretations were made by subjective
judgement of number and size. Especially the latter is difficult to do in other ways for
the moment. In study IV the judgement of ICC number was changed to counting visible
nuclei as an easier mode for reproducibility and the judgement of size was left out. This
is probably a better method that needs further validation regarding the normal range.
5.1.5 General remarks
One should interpret the outcomes of studies I and II with caution. They should be
viewed as hypothesis generating. Their limited size is a major drawback together with
the difficulty to standardize histopathologic examination. Even so, we dare say that the
search for peripheral mechanisms in the pathogenesis of IBS are but anything
strengthened by the discrete findings reported. Defects in mucosal barrier function and
microbiologic instability106, 107 are two strong clues in the search for the even more
important aetiologic factor that may induce a long-standing, low-grade immune
response, with a possibility of irreversible nerve damage in the GI tract exceeding the
age-related ones. The psychiatric characteristics of IBS that still exist is important in
the clinical management, like in most diseases without definite cure, but the
“Helicobacter pylori-lesson” in ulcer disease has learned us quite a lot. The ulcer heals
irrespective of personality as long as the medication is taken and if the bacterial strain is
not of a resistant type. The heterogeneity of IBS with its current definition makes the
search for answers more difficult, but subdivision on other grounds like histopathology
or mode of symptom onset may increase the possibility of common aetiologic and
pathogenetic links.
5.2

A HUMORAL FACTOR IN GUT DYSMOTILITY

Finding a humoral factor in gut dysmotility would in the short term be valuable from a
treatment perspective if the antibody could be shown to have a functional effect on gut
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motility. Plasmapheresis, corticosteroid treatment or immunoglobulin treatment are all
options that from an ethical point of view could be allowed for treatment trials. At the
moment, the main limiting factor to do so is that functional antibody effects only have
been shown in cases with scleroderma108 and in autoimmune autonomic neuropathy109,
but not in idiopathic GI dysmotility.
We hypothesized that the diagnostic outcome could be better if patients with signs of
enteric neuropathy were selected for investigation of autoantibodies in this presumably
unusual diagnostic entity. The outcome of study III may seem poor, only 2 of 33 had
detectable antibody titers towards any of the tested neuronal antigens. The two patients
both had adult onset of symptoms and their histopathology included signs of
inflammatory activity. None of the eight patients without signs of inflammation turned
out to have detectable antibodies. The rarity of reports dealing with idiopathic cases of
GI dysmotility indicates that our study outcome is not that bad if translating it into
relative terms, 2 of 25 with lymphocytic ganglionitis. From a not too speculative point
of view, this suggests that a future continuation of this type of investigations purely
should concentrate on those patients having lymphocytic ganglionitis included in their
histopathology diagnosis. T-lymphocytes dominate this infiltrate, but mature Blymphocytes with antibody generating potential are also present93-95.
Neuron damage is not curable by active means once it has occurred. To prevent further
damage is the only treatment option. Even if this thesis cannot present proof of a link
between ENS inflammation and symptom generation by a minimal infiltration of
lymphocytes, the probability still is good enough to continue to dig into it. Preventive
treatment measures are most tempting to try out at this moment of time. The primary
patient group to select without performing full-thickness intestinal biopsies would be
those having prolonged GI symptoms after a gastroenteritis fulfilling criteria for any
FGID. Testing sera for a panel of antibodies is not particularly expensive and the
chance of an immunologic mechanism involving a ganglionitis in this patient group is
reasonable. A trial involving a couple of recruiting referral centres has a good chance to
find two-digit numbers of patients to randomize. Corticosteroid treatment is probably
the first option since there are both animal data supporting its role in alleviating the
acute effects of inflammation on gut function110 and patient reports of severe gut
dysmotility with a positive outcome93, 111.
Theoretically, this is a better study design than a non-selected type of treatment trial in
PI-IBS112. Early identification and signs of a immune mechanism with a pathogenetic
potential is as good as it can get today in order to prevent a chain of events that in a
high proportion of patients mean a long-time GI malfunction.
5.3

POST-INFECTIOUS GI SYMPTOMS

Many studies regarding persisting symptoms after GI infections are based on isolated
outbreaks of gastroenteritis or selected on the basis of aetiology. Study II is in contrast
to this less selected in its mode of recruitment since it comprises all patients seeking
help for presumed infectious diarrhea at a clinic during one year. The meticulous
microbiology that was performed in all of them in 1997 still makes interpretation of
microbial aetiology as a risk factor meaningful. What we could find in this study is, as
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already known, that female gender for an obscure reason is the strongest risk factor for
long-standing GI symptoms after gastroenteritis. Antibiotic treatment may also be a
weak risk factor for this to happen which is an observation that can be added to the
general recommendation in Sweden of restricted antibiotic use in cases of infectious
diarrhea. Prolonged symptoms has also been reported in conjunction with antibiotic
treatment of Salmonella infection113.
No specific pathogen was associated with a significant risk for persisting GI symptoms,
even if Campylobacter jejuni was most prevalent causing long-standing symptoms and
is considered to have virulence factors that can increase this risk even more114. Viral
infection as a risk factor was a novel, but not unexpected, finding in the adult
population. Having no detectable aetiology still carries the same risk for persisting GI
symptoms, an observation that can be translated in many ways. The obvious one is that
the microbiologic diagnostic procedure in adults has a relatively low sensitivity115, 116.
A pathogen that we cannot culture or have overlooked, viruses probably most
prevalent, still was there as an initiator. Another way of looking at it is that any factor
that alters the immunologic homeostasis of the gut can give rise to a FGID. This may
be an infection that is difficult to diagnose or primarily not affects the gut117, or a noninfectious environmental factor that in the predisposed individual triggers a chain of
events leading to long-standing GI symptoms. Genetic predisposition can be one factor
to take into account as well as reactivation of infections with low immunogenecity in
the latent state.
In conclusion, PI-IBS and its other FGID equivalents, is a fairly well described human
model for a change in GI function, which with a high probability involves an immune
mechanism. Its role in our continued search for aethiologic and pathogentic
mechanisms in FGID will continue to be important. Notably, even fairly large study
cohorts like in study IV produces an absolute number of patients that still leaves us
with a lot of statistical uncertainty. Nationwide registration or better cooperation
between clinics handling gastroenteritis is worth an effort to aim at.
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6 CONCLUSIONS
Study I introduces the novel concept of ENS pathology (visceral neuropathy and lowgrade lymphocyte infiltration) in cases of severe IBS, previously known to exist only in
more severe enteric dysmotility diagnoses like CIP.
Study I, II and IV supports the concept that FGID in general and IBS in particular may
be disorders of immunologic origin.
Study II modulates the results of study I by showing that signs of enteric neuropathy
and low-grade lymphocyte infiltration in and around the myenteric ganglia may exist
without provoking GI symptoms of FGID character.
Study I and II indicates that ICC pathology may be involved in IBS pathogenesis.
Study III discourages from seeking humoral factors as a reasonably common cause for
GI dysmotility. Even so, in patients with a histopathologic diagnosis of lymphocytic
ganglionitis it may be worthwhile to look for autoantibodies even if proof for the
clinical utility of this finding in idiopathic cases still is lacking. The same can be
hypothesized regarding IBS with a starting point making an immune mediated
pathogenesis likely, like PI-IBS.
In study IV, a 12% risk to suffer long-standing GI symptoms after infectious diarrhea in
previously healthy was seen. After 5 years, approximately 1 in 5 of those affected by a
change of gut function had recovered.
Study IV also indicates host factors to be of more importance than the pathogen itself in
the development of a PI-FGID. Female gender is the most important host factor that has
been shown in repeated studies.
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8 POPULÄRVETENSKAPLIG SAMMANFATTNING
Irritabel tarm, även kallad IBS, är den vanligaste av de så kallade funktionella magtarmsjukdomarna. Diagnostiken vid dessa tillstånd bygger på att karakteristiska
symtom, vid IBS buksmärta eller bukobehag i kombination med en
avföringsproblematik (lös, hård eller växlande), förekommit under en längre tid. Med
hjälp av en grundläggande medicinsk utredning kan läkaren ställa rätt diagnos med hög
säkerhet. Att alla prover och undersökningar visar normalt utfall, trots att symtomen
kan vara högst påtagliga och handikappande, upplevs dock ofta som otillfredsställande
av framförallt patienten men även av läkaren. Vår dåliga förståelse för dessa
sjukdomars utlösande orsaker (etiologi) och de mekanismer som sedan resulterar i
sjukdom (patogenes) medför också att behandlingsmetoderna ännu är dåliga. Vi kan
idag inte på ett tillförlitligt vis hjälpa de cirka 10 % av befolkningen som i varje stund
är drabbade.
De fyra studier som ingår i denna doktorsavhandling har som gemensam nämnare att
de undersöker immunförsvarets patogenetiska roll vid framförallt IBS. Studie I och II
använder titthålskirurgi för att operera ut en 10 x10 mm stor del av tunntarmsväggen
hos patienter med svåra symtom. Vi har därefter kunnat undersöka alla vägglager på ett
unikt vis. Studie I, där 10 patienter undersöktes, indikerade att en diskret
inflammatorisk reaktion i anslutning till tarmens nervsystem med tecken till nervskador
kunde vara en sjukdomsframkallande mekanism vid IBS. Kontrollundersökning av
tarmväggen från avlidna utan känd IBS i livet påvisade inte denna typ av fynd.
Teoretiskt kan detta vara orsak till de okarakteristiska tarmrörelseavvikelser som
noterats hos vissa med IBS eller den känslighet som andra IBS-patienter befunnits ha i
olika delar av mag-tarmkanalen. I studie II har en likadan undersökning utförts på
ytterligare 7 IBS-patienter samt 10 stycken överviktiga personer utan IBS, där tunntarm
togs tillvara i samband med kirurgisk behandling vars huvudsyfte var att koppla om
tarmen till en förminskad magsäck. Undersökande patolog var inte medveten om vilken
patientkategori de olika vävnadsproverna kom från. Här kunde noteras att de fynd vi
rapporterade i studie I inte var unika för IBS och inte heller kunde kopplas till
förekomst av IBS-symtom. Ytterligare en celltyp, den interstitiella Cajal-cellen som
kan liknas vid tarmens pace-maker, har värderats i båda studierna. Svårigheter
föreligger att definiera normalitet, men vi antyder att ett lågt antal Cajal-celler kan vara
ytterligare en sjukdomsframkallande mekanism vid IBS.
I studie III har en annan immunologisk komponent undersökts, nämligen förekomst av
antikroppar riktade mot strukturer på nervceller. Antikroppar är en naturlig del av vårt
immunförsvar, men under olyckliga omständigheter kan antikroppar utvecklas som är
riktade mot egen vävnad, så kallad auto-immunitet. I denna studie undersöktes förutom
patienter med IBS även de med svårare sjukdomar, som tex falskt tarmvred. Den
gemensamma nämnaren hos alla var att undersökning av tarmväggen tidigare resulterat
i ett fynd av nervskada. Serum från 33 patienter analyserades och hos 2 patienter med
IBS förekom antikroppar i låg koncentration riktade mot 2 olika typer av
nervcellsstrukturer. Båda dessa patienter insjuknade i vuxen ålder och hade inslag av
inflammation liknande den i studie I och II utöver nervskadan. Vi kan idag inte avgöra
om antikroppen orsakar IBS-symtomen eller om de endast bildats till följd av
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nervskadan och bara är ett oviktigt bifynd. Ytterligare studier som värderar
antikropparnas effekter på tarmfunktionen kommer att behöva utföras innan
behandlingar som minskar koncentrationen av antikroppar kan planeras.
Studie IV värderar förekomsten av kvarstående mag-tarmbesvär 5 år efter en
genomgången tarminfektion hos tidigare friska personer. Det är sedan mer än 50 år
känt att en bakterieinfektion, till exempel Salmonella, innebär en viss risk för
kvarstående besvär som slutligen kan utmynna i uppkomsten av IBS. Observationer av
detta slag utgör en viktig grund för misstanken att immunsystemet kan vara inblandat i
sjukdomsutvecklingen. I vår studie utgick vi från en stor grupp patienter, 851 stycken,
som utreddes och behandlades vid infektionskliniken på dåvarande Huddinge sjukhus
under tidsperioden hösten 1996 till hösten 1997. De utreddes då extra noggrant
avseende mikrobiologisk orsak (bakterier, virus, parasiter) till sin sjukdom som led i en
vetenskaplig värdering av orsaker till infektiös diarré hos vuxna. Av de ursprungliga
deltagarna var 717 stycken fortfarande möjliga att nå med en enkät år 2002 som 508
stycken fyllde i och returnerade. Av dessa kunde 333 identifieras som friska innan
tarminfektionen och 41 (12%) av dem angav mag-tarmbesvär i mer än 3 månader efter
infektionen. Under de 5 år som passerat tillfrisknade 9 av dem medan 32 fortfarande
hade kvarstående mag-tarmbesvär 2002. Vid telefonintervju ställdes symtombaserad
diagnos hos de 40 patienter som gick att nå. IBS var vanligast, men 1 av 3 hade
symtom förenlig med annan så kallad funktionell tarmsjukdom. Vi kunde visa att
virusinfektioner medförde samma risk som bakterieinfektioner för långdragna symtom
vilket tidigare inte varit känt. Fyndet av att även de utan påvisbar orsak till sin diarré
löpte samma risk att drabbas av en funktionell tarmsjukdom indikerar att andra faktorer
än den infektionsorsakande organismen kan vara inblandad i sjukdomsuppkomsten.
Här måste man ändå vara försiktig i tolkningen då vi vet att många mikrobiologiska
orsaker till diarré idag inte kan odlas eller på annat sätt påvisas. Slutligen fanns en
mängd data sparade som gick att analysera för att värdera möjliga faktorer som ökade
risken att drabbas av långdragna mag-tarmbesvär. Kvinnligt kön samt behandling med
antibiotika i samband med den akuta sjukdomsperioden visade sig vara så kallat
oberoende signifikanta riskfaktorer. Sammantaget bidrar denna studie med ny kunskap
avseende virus som orsak till så kallad post-infektiös funktionell tarmsjukdom.
Samtidigt pekar den mot att det är den immunologiska provokationen i sig mer är den
specifika mikrobiologiska orsaken till diarré som är av vikt vid utvecklingen av postinfektiös funktionell tarmsjukdom. Individspecifika riskfaktorer, där kvinnligt kön idag
är mest känd, kan vara av större vikt att utreda i kommande studier.
Sammantaget kan denna doktorsavhandling inte övertygande föra hypotesen om
immunologiska mekanismer som orsak till IBS eller annan funktionell tarmsjukdom i
bevisning. Sammanfogat med pusslet av tidigare publikationer bidrar den med viktig ny
kunskap framförallt när det gäller tecken till diskret inflammation i de djupa delarna av
tarmväggen. Här finns viktig kunskap avseende definitionen av normalitet fortfarande
kvar att utforska innan dessa data till fullo kan värderas.

32

9 REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

13.
14.
15.
16.
17.
18.
19.
20.
21.

Da Costa J. Membranous enteritis. Am. J. Med. Sci. 1871;62:321-335.
Bockus H, Bank J, Wilkinson S. Neurogenic mucous colitis. Am. J. Med. Sci.
1928;176:813-829.
White B, Jones C. Mucous colitis: a delineation of the syndrome with certain
observations on its mechanisms and on the role of emotional tension as a
precipitating factor. Ann. Int. Med. 1940;14:854-872.
Chaudhary NA, Truelove SC. The irritable colon syndrome. A study of the
clinical features, predisposing causes, and prognosis in 130 cases. Q J Med
1962;31:307-22.
Manning AP, Thompson WG, Heaton KW, Morris AF. Towards positive
diagnosis of the irritable bowel. Br Med J 1978;2:653-4.
Kruis W, Thieme C, Weinzierl M, Schussler P, Holl J, Paulus W. A diagnostic
score for the irritable bowel syndrome. Its value in the exclusion of organic
disease. Gastroenterology 1984;87:1-7.
Wingate D, Hongo M, Kellow J, Lindberg G, Smout A. Disorders of
gastrointestinal motility: Towards a new classification. J Gastroenterol Hepatol
2002;17:S1-S14.
Drossman DA. The functional gastrointestinal disorders and the Rome III
process. Gastroenterology 2006;130:1377-90.
Drossman DA, Funch-Jensen P, Janssens J, Talley NJ, Thompson WG,
Whitehead WE. Identification of subgroups of functional bowel disorders.
Gastroent Int 1990:159-72.
Thompson WG, Longstreth GF, Drossman DA, Heaton KW, Irvine EJ, MullerLissner SA. Functional bowel disorders and functional abdominal pain. Gut
1999;45 Suppl 2:II43-7.
Longstreth GF, Thompson WG, Chey WD, Houghton LA, Mearin F, Spiller
RC. Functional bowel disorders. Gastroenterology 2006;130:1480-91.
Drossman DA, Morris CB, Hu Y, Toner BB, Diamant N, Leserman J, Shetzline
M, Dalton C, Bangdiwala SI. A prospective assessment of bowel habit in
irritable bowel syndrome in women: defining an alternator. Gastroenterology
2005;128:580-9.
van Wijk HJ, Smout AJ, Akkermans LM, Roelofs JM, ten Thije OJ. Gastric
emptying and dyspeptic symptoms in the irritable bowel syndrome. Scand J
Gastroenterol 1992;27:99-102.
Evans PR, Bak YT, Shuter B, Hoschl R, Kellow JE. Gastroparesis and small
bowel dysmotility in irritable bowel syndrome. Dig Dis Sci 1997;42:2087-93.
Caballero-Plasencia AM, Valenzuela-Barranco M, Herrerias-Gutierrez JM,
Esteban-Carretero JM. Altered gastric emptying in patients with irritable bowel
syndrome. Eur J Nucl Med 1999;26:404-9.
Stanghellini V, Tosetti C, Barbara G, De Giorgio R, Cogliandro L, Cogliandro
R, Corinaldesi R. Dyspeptic symptoms and gastric emptying in the irritable
bowel syndrome. Am J Gastroenterol 2002;97:2738-43.
Kellow JE, Gill RC, Wingate DL. Prolonged ambulant recordings of small
bowel motility demonstrate abnormalities in the irritable bowel syndrome.
Gastroenterology 1990;98:1208-18.
Kellow JE, Phillips SF. Altered small bowel motility in irritable bowel
syndrome is correlated with symptoms. Gastroenterology 1987;92:1885-93.
Simren M, Castedal M, Svedlund J, Abrahamsson H, Bjornsson E. Abnormal
propagation pattern of duodenal pressure waves in the irritable bowel syndrome
(IBS) [correction of (IBD)]. Dig Dis Sci 2000;45:2151-61.
Sullivan MA, Cohen S, Snape WJ, Jr. Colonic myoelectrical activity in
irritable-bowel syndrome. Effect of eating and anticholinergics. N Engl J Med
1978;298:878-83.
Cann PA, Read NW, Brown C, Hobson N, Holdsworth CD. Irritable bowel
syndrome: relationship of disorders in the transit of a single solid meal to
symptom patterns. Gut 1983;24:405-11.
33

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.
40.
41.

42.

34

Whitehead WE, Engel BT, Schuster MM. Irritable bowel syndrome:
physiological and psychological differences between diarrhea-predominant and
constipation-predominant patients. Dig Dis Sci 1980;25:404-13.
Steens J, Van Der Schaar PJ, Penning C, Brussee J, Masclee AA. Compliance,
tone and sensitivity of the rectum in different subtypes of irritable bowel
syndrome. Neurogastroenterol Motil 2002;14:241-7.
Kwan CL, Davis KD, Mikula K, Diamant NE. Abnormal rectal motor
physiology in patients with irritable bowel syndrome. Neurogastroenterol Motil
2004;16:251-63.
Ritchie J. Pain from distension of the pelvic colon by inflating a balloon in the
irritable colon syndrome. Gut 1973;14:125-32.
Trimble KC, Farouk R, Pryde A, Douglas S, Heading RC. Heightened visceral
sensation in functional gastrointestinal disease is not site-specific. Evidence for
a generalized disorder of gut sensitivity. Dig Dis Sci 1995;40:1607-13.
Whitehead WE, Palsson O, Jones KR. Systematic review of the comorbidity of
irritable bowel syndrome with other disorders: what are the causes and
implications? Gastroenterology 2002;122:1140-56.
Sykes MA, Blanchard EB, Lackner J, Keefer L, Krasner S. Psychopathology in
irritable bowel syndrome: support for a psychophysiological model. J Behav
Med 2003;26:361-72.
Bennett EJ, Piesse C, Palmer K, Badcock CA, Tennant CC, Kellow JE.
Functional gastrointestinal disorders: psychological, social, and somatic
features. Gut 1998;42:414-20.
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.
Neal KR, Barker L, Spiller RC. Prognosis in post-infective irritable bowel
syndrome: a six year follow up study. Gut 2002;51:410-3.
Gwee KA, Graham JC, McKendrick MW, Collins SM, Marshall JS, Walters SJ,
Read NW. Psychometric scores and persistence of irritable bowel after
infectious diarrhoea. Lancet 1996;347:150-3.
Thompson WG, Heaton KW, Smyth GT, Smyth C. Irritable bowel syndrome in
general practice: prevalence, characteristics, and referral. Gut 2000;46:78-82.
Bayliss WM, Starling EH. The movements and innervation of the small
intestine. J Physiol 1899;24:99-143.
Vallance BA, Blennerhassett PA, Collins SM. Increased intestinal muscle
contractility and worm expulsion in nematode-infected mice. Am J Physiol
1997;272:G321-7.
Blennerhassett MG, Vignjevic P, Vermillion DL, Collins SM. Inflammation
causes hyperplasia and hypertrophy in smooth muscle of rat small intestine. Am
J Physiol 1992;262:G1041-6.
Gschossmann JM, Liebregts T, Adam B, Buenger L, Ruwe M, Gerken G,
Holtmann G. Long-term effects of transient chemically induced colitis on the
visceromotor response to mechanical colorectal distension. Dig Dis Sci
2004;49:96-101.
Barbara G, Vallance BA, Collins SM. Persistent intestinal neuromuscular
dysfunction after acute nematode infection in mice. Gastroenterology
1997;113:1224-32.
Akiho H, Deng Y, Blennerhassett P, Kanbayashi H, Collins SM. Mechanisms
underlying the maintenance of muscle hypercontractility in a model of
postinfective gut dysfunction. Gastroenterology 2005;129:131-41.
Barbara G, De Giorgio R, Deng Y, Vallance B, Blennerhassett P, Collins SM.
Role of immunologic factors and cyclooxygenase 2 in persistent postinfective
enteric muscle dysfunction in mice. Gastroenterology 2001;120:1729-36.
de Jonge WJ, van den Wijngaard RM, The FO, ter Beek ML, Bennink RJ,
Tytgat GN, Buijs RM, Reitsma PH, van Deventer SJ, Boeckxstaens GE.
Postoperative ileus is maintained by intestinal immune infiltrates that activate
inhibitory neural pathways in mice. Gastroenterology 2003;125:1137-47.
Bauer AJ, Boeckxstaens GE. Mechanisms of postoperative ileus.
Neurogastroenterol Motil 2004;16 Suppl 2:54-60.

43.
44.
45.
46.
47.
48.
49.
50.

51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.

Rao SS, Read NW. Gastrointestinal motility in patients with ulcerative colitis.
Scand J Gastroenterol Suppl 1990;172:22-8.
Reddy SN, Bazzocchi G, Chan S, Akashi K, Villanueva-Meyer J, Yanni G,
Mena I, Snape WJ, Jr. Colonic motility and transit in health and ulcerative
colitis. Gastroenterology 1991;101:1289-97.
Rao SS, Read NW, Stobart JA, Haynes WG, Benjamin S, Holdsworth CD.
Anorectal contractility under basal conditions and during rectal infusion of
saline in ulcerative colitis. Gut 1988;29:769-77.
Chrysos E, Athanasakis E, Tsiaoussis J, Zoras O, Nickolopoulos A, Vassilakis
JS, Xynos E. Rectoanal motility in Crohn's disease patients. Dis Colon Rectum
2001;44:1509-13.
Annese V, Bassotti G, Napolitano G, Usai P, Andriulli A, Vantrappen G.
Gastrointestinal motility disorders in patients with inactive Crohn's disease.
Scand J Gastroenterol 1997;32:1107-17.
Morteau O, Hachet T, Caussette M, Bueno L. Experimental colitis alters
visceromotor response to colorectal distension in awake rats. Dig Dis Sci
1994;39:1239-48.
Burton MB, Gebhart GF. Effects of intracolonic acetic acid on responses to
colorectal distension in the rat. Brain Res 1995;672:77-82.
Gschossmann JM, Adam B, Liebregts T, Buenger L, Ruwe M, Gerken G,
Mayer EA, Holtmann G. Effect of transient chemically induced colitis on the
visceromotor response to mechanical colorectal distension. Eur J Gastroenterol
Hepatol 2002;14:1067-72.
Loening-Baucke V, Metcalf AM, Shirazi S. Anorectal manometry in active and
quiescent ulcerative colitis. Am J Gastroenterol 1989;84:892-7.
Rao SS, Read NW, Davison PA, Bannister JJ, Holdsworth CD. Anorectal
sensitivity and responses to rectal distention in patients with ulcerative colitis.
Gastroenterology 1987;93:1270-5.
Chang L, Munakata J, Mayer EA, Schmulson MJ, Johnson TD, Bernstein CN,
Saba L, Naliboff B, Anton PA, Matin K. Perceptual responses in patients with
inflammatory and functional bowel disease. Gut 2000;47:497-505.
Agreus L, Engstrand L, Svardsudd K, Nyren O, Tibblin G. Helicobacter pylori
seropositivity among Swedish adults with and without abdominal symptoms. A
population-based epidemiologic study. Scand J Gastroenterol 1995;30:752-7.
Holtmann G, Gschossmann J, Holtmann M, Talley NJ. H. pylori and functional
dyspepsia: increased serum antibodies as an independent risk factor? Dig Dis
Sci 2001;46:1550-7.
Mearin F, de Ribot X, Balboa A, Salas A, Varas MJ, Cucala M, Bartolome R,
Armengol JR, Malagelada JR. Does Helicobacter pylori infection increase
gastric sensitivity in functional dyspepsia? Gut 1995;37:47-51.
Holtmann G, Talley NJ, Goebell H. Association between H. pylori, duodenal
mechanosensory thresholds, and small intestinal motility in chronic unexplained
dyspepsia. Dig Dis Sci 1996;41:1285-91.
Stewart G. Post-dysenteric colitis. Br Med J 1950:405-409.
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.
Gwee KA, Leong YL, Graham C, McKendrick MW, Collins SM, Walters SJ,
Underwood JE, Read NW. The role of psychological and biological factors in
postinfective gut dysfunction. Gut 1999;44:400-6.
McKendrick MW, Read NW. Irritable bowel syndrome--post salmonella
infection. J Infect 1994;29:1-3.
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.
Rodriguez LA, Ruigomez A. Increased risk of irritable bowel syndrome after
bacterial gastroenteritis: cohort study. Bmj 1999;318:565-6.
Longstreth GF, Hawkey CJ, Ham J, Jones RH, Mayer EA, Naesdal J, Wilson
IK, Wiklund IK. Demographic and clinical characteristics of patients with

35

65.
66.
67.
68.
69.

70.
71.
72.
73.

74.

75.

76.
77.
78.
79.
80.

81.
82.

36

irritable bowel syndrome (IBS) from three practice settings. Gastroenterology
2000;118:A146-A146.
Hiatt R. Mast cells in inflammatory conditions of the gastrointestinal tract. The
American Journal of Gastroenterology 1962.
Barbara G, De Giorgio R, Stanghellini V, Cremon C, Corinaldesi R. A role for
inflammation in irritable bowel syndrome? Gut 2002;51 Suppl 1:i41-4.
Weston AP, Biddle WL, Bhatia PS, Miner PB, Jr. Terminal ileal mucosal mast
cells in irritable bowel syndrome. Dig Dis Sci 1993;38:1590-5.
O'Sullivan M, Clayton N, Breslin NP, Harman I, Bountra C, McLaren A,
O'Morain CA. Increased mast cells in the irritable bowel syndrome.
Neurogastroenterol Motil 2000;12:449-57.
Barbara G, Stanghellini V, De Giorgio R, Cremon C, Cottrell GS, Santini D,
Pasquinelli G, Morselli-Labate AM, Grady EF, Bunnett NW, Collins SM,
Corinaldesi R. Activated mast cells in proximity to colonic nerves correlate
with abdominal pain in irritable bowel syndrome. Gastroenterology
2004;126:693-702.
Park CH, Joo YE, Choi SK, Rew JS, Kim SJ, Lee MC. Activated mast cells
infiltrate in close proximity to enteric nerves in diarrhea-predominant irritable
bowel syndrome. Journal of Korean Medical Science 2003;18:204-210.
Salzmann JL, Peltier-Koch F, Bloch F, Petite JP, Camilleri JP. Morphometric
study of colonic biopsies: a new method of estimating inflammatory diseases.
Lab Invest 1989;60:847-51.
Chadwick VS, Chen W, Shu D, Paulus B, Bethwaite P, Tie A, Wilson I.
Activation of the mucosal immune system in irritable bowel syndrome.
Gastroenterology 2002;122:1778-83.
Spiller RC, Jenkins D, Thornley JP, Hebden JM, Wright T, Skinner M, Neal
KR. Increased rectal mucosal enteroendocrine cells, T lymphocytes, and
increased gut permeability following acute Campylobacter enteritis and in postdysenteric irritable bowel syndrome. Gut 2000;47:804-11.
Gwee KA, Collins SM, Read NW, Rajnakova A, Deng Y, Graham JC,
McKendrick MW, Moochhala SM. Increased rectal mucosal expression of
interleukin 1beta in recently acquired post-infectious irritable bowel syndrome.
Gut 2003;52:523-6.
O'Mahony L, McCarthy J, Kelly P, Hurley G, Luo F, Chen K, O'Sullivan GC,
Kiely B, Collins JK, Shanahan F, Quigley EM. Lactobacillus and
bifidobacterium in irritable bowel syndrome: symptom responses and
relationship to cytokine profiles. Gastroenterology 2005;128:541-51.
Liebregts T, Adam B, Bredack C, Roth A, Heinzel S, Lester S, Downie-Doyle
S, Smith E, Drew P, Talley NJ, Holtmann G. Immune activation in patients
with irritable bowel syndrome. Gastroenterology 2007;132:913-20.
Gonsalkorale WM, Perrey C, Pravica V, Whorwell PJ, Hutchinson IV.
Interleukin 10 genotypes in irritable bowel syndrome: evidence for an
inflammatory component? Gut 2003;52:91-3.
van der Veek PP, van den Berg M, de Kroon YE, Verspaget HW, Masclee AA.
Role of tumor necrosis factor-alpha and interleukin-10 gene polymorphisms in
irritable bowel syndrome. Am J Gastroenterol 2005;100:2510-6.
Wakamatsu Y, Weston JA. Sequential expression and role of Hu RNA-binding
proteins during neurogenesis. Development 1997;124:3449-60.
De Giorgio R, Bovara M, Barbara G, Canossa M, Sarnelli G, De Ponti F,
Stanghellini V, Tonini M, Cappello S, Pagnotta E, Nobile-Orazio E, Corinaldesi
R. Anti-HuD-induced neuronal apoptosis underlying paraneoplastic gut
dysmotility. Gastroenterology 2003;125:70-9.
Vernino S, Adamski J, Kryzer TJ, Fealey RD, Lennon VA. Neuronal nicotinic
ACh receptor antibody in subacute autonomic neuropathy and cancer-related
syndromes. Neurology 1998;50:1806-13.
Vernino S, Low PA, Fealey RD, Stewart JD, Farrugia G, Lennon VA.
Autoantibodies to ganglionic acetylcholine receptors in autoimmune autonomic
neuropathies. N Engl J Med 2000;343:847-55.

83.
84.

85.
86.
87.
88.
89.

90.
91.
92.
93.

94.
95.

96.

97.
98.
99.
100.
101.

Knowles CH, Lang B, Clover L, Scott SM, Gotti C, Vincent A, Martin JE. A
role for autoantibodies in some cases of acquired non-paraneoplastic gut
dysmotility. Scand J Gastroenterol 2002;37:166-70.
Svenungsson B, Lagergren A, Ekwall E, Evengard B, Hedlund KO, Karnell A,
Lofdahl S, Svensson L, Weintraub A. Enteropathogens in adult patients with
diarrhea and healthy control subjects: a 1-year prospective study in a Swedish
clinic for infectious diseases. Clin Infect Dis 2000;30:770-8.
Meriney SD, Hulsizer SC, Lennon VA, Grinnell AD. Lambert-Eaton
myasthenic syndrome immunoglobulins react with multiple types of calcium
channels in small-cell lung carcinoma. Ann Neurol 1996;40:739-49.
Motomura M, Johnston I, Lang B, Vincent A, Newsom-Davis J. An improved
diagnostic assay for Lambert-Eaton myasthenic syndrome. J Neurol Neurosurg
Psychiatry 1995;58:85-7.
Hart IK, Waters C, Vincent A, Newland C, Beeson D, Pongs O, Morris C,
Newsom-Davis J. Autoantibodies detected to expressed K+ channels are
implicated in neuromyotonia. Ann Neurol 1997;41:238-46.
Vincent A, Grimaldi LM, Martino G, Davenport C, Todd I. Antibodies to 125Iglutamic acid decarboxylase in patients with stiff man syndrome. J Neurol
Neurosurg Psychiatry 1997;62:395-7.
Marshall JK, Thabane M, Garg AX, Clark W, Meddings J, Collins SM.
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.
Linden DR, Sharkey KA, Mawe GM. Enhanced excitability of myenteric AH
neurones in the inflamed guinea-pig distal colon. J Physiol 2003;547:589-601.
Palmer JM, Wong-Riley M, Sharkey KA. Functional alterations in jejunal
myenteric neurons during inflammation in nematode-infected guinea pigs. Am J
Physiol 1998;275:G922-35.
Clark SB, Rice TW, Tubbs RR, Richter JE, Goldblum JR. The nature of the
myenteric infiltrate in achalasia: an immunohistochemical analysis. Am J Surg
Pathol 2000;24:1153-8.
De Giorgio R, Barbara G, Stanghellini V, Cogliandro RF, Arrigoni A, Santini
D, Ceccarelli C, Salvioli B, Rossini FP, Corinaldesi R. Idiopathic myenteric
ganglionitis underlying intractable vomiting in a young adult. Eur J
Gastroenterol Hepatol 2000;12:613-6.
McDonald GB, Schuffler MD, Kadin ME, Tytgat GN. Intestinal
pseudoobstruction caused by diffuse lymphoid infiltration of the small intestine.
Gastroenterology 1985;89:882-9.
De Giorgio R, Barbara G, Stanghellini V, De Ponti F, Salvioli B, Tonini M,
Velio P, Bassotti G, Corinaldesi R. Clinical and morphofunctional features of
idiopathic myenteric ganglionitis underlying severe intestinal motor
dysfunction: a study of three cases. Am J Gastroenterol 2002;97:2454-9.
Verma-Gandhu M, Verdu EF, Bercik P, Blennerhassett PA, Al-Mutawaly N,
Ghia JE, Collins SM. Visceral pain perception is determined by the duration of
colitis and associated neuropeptide expression in the mouse. Gut 2007;56:35864.
Verma-Gandhu M, Verdu EF, Cohen-Lyons D, Collins SM. Lymphocytemediated regulation of beta-endorphin in the myenteric plexus. Am J Physiol
Gastrointest Liver Physiol 2007;292:G344-8.
Ohlsson B, Veress B, Lindgren S, Sundkvist G. Enteric ganglioneuritis and
abnormal interstitial cells of Cajal: features of inflammatory bowel disease.
Inflamm Bowel Dis 2007;13:721-6.
Sanovic S, Lamb DP, Blennerhassett MG. Damage to the enteric nervous
system in experimental colitis. Am J Pathol 1999;155:1051-7.
Hall KE, Wiley JW. Neural injury, repair and adaptation in the GI tract. I. New
insights into neuronal injury: a cautionary tale. Am J Physiol 1998;274:G97883.
Gabella G. Fall in the number of myenteric neurons in aging guinea pigs.
Gastroenterology 1989;96:1487-93.

37

102.
103.
104.
105.
106.

107.

108.
109.
110.
111.
112.
113.

114.
115.

116.
117.

38

Hadzijahic N, Renehan WE, Ma CK, Zhang X, Fogel R. Myenteric plexus
destruction alters morphology of rat intestine. Gastroenterology 1993;105:101728.
Crade M, Pham V. Ultrasound examination of the sigmoid colon: possible new
diagnostic tool for irritable bowel syndrome. Ultrasound Obstet Gynecol
2006;27:206-9.
Dogan I, Puckett JL, Padda BS, Mittal RK. Prevalence of increased esophageal
muscle thickness in patients with esophageal symptoms. Am J Gastroenterol
2007;102:137-45.
Porcher C, Baldo M, Henry M, Orsoni P, Jule Y, Ward SM. Deficiency of
interstitial cells of Cajal in the small intestine of patients with Crohn's disease.
Am J Gastroenterol 2002;97:118-25.
Malinen E, Rinttila T, Kajander K, Matto J, Kassinen A, Krogius L, Saarela M,
Korpela R, Palva A. Analysis of the fecal microbiota of irritable bowel
syndrome patients and healthy controls with real-time PCR. Am J Gastroenterol
2005;100:373-82.
Matto J, Maunuksela L, Kajander K, Palva A, Korpela R, Kassinen A, Saarela
M. Composition and temporal stability of gastrointestinal microbiota in irritable
bowel syndrome--a longitudinal study in IBS and control subjects. FEMS
Immunol Med Microbiol 2005;43:213-22.
Eaker EY, Kuldau JG, Verne GN, Ross SO, Sallustio JE. Myenteric neuronal
antibodies in scleroderma: passive transfer evokes alterations in intestinal
myoelectric activity in a rat model. J Lab Clin Med 1999;133:551-6.
Vernino S, Ermilov LG, Sha L, Szurszewski JH, Low PA, Lennon VA. Passive
transfer of autoimmune autonomic neuropathy to mice. J Neurosci
2004;24:7037-42.
Marzio L, Blennerhassett P, Chiverton S, Vermillion DL, Langer J, Collins SM.
Altered smooth muscle function in worm-free gut regions of Trichinellainfected rats. Am J Physiol 1990;259:G306-13.
Smith VV, Gregson N, Foggensteiner L, Neale G, Milla PJ. Acquired intestinal
aganglionosis and circulating autoantibodies without neoplasia or other neural
involvement. Gastroenterology 1997;112:1366-71.
Dunlop SP, Jenkins D, Neal KR, Naesdal J, Borgaonker M, Collins SM, Spiller
RC. Randomized, double-blind, placebo-controlled trial of prednisolone in postinfectious irritable bowel syndrome. Aliment Pharmacol Ther 2003;18:77-84.
Barbara G, Stanghellini V, Berti-Ceroni C, De Giorgio R, Salvioli B, Corradi F,
Cremon C, Corinaldesi R. Role of antibiotic therapy on long-term germ
excretion in faeces and digestive symptoms after Salmonella infection. Aliment
Pharmacol Ther 2000;14:1127-31.
Thornley JP, Jenkins D, Neal K, Wright T, Brough J, Spiller RC. Relationship
of Campylobacter toxigenicity in vitro to the development of postinfectious
irritable bowel syndrome. J Infect Dis 2001;184:606-9.
Wheeler JG, Sethi D, Cowden JM, Wall PG, Rodrigues LC, Tompkins DS,
Hudson MJ, Roderick PJ. Study of infectious intestinal disease in England:
rates in the community, presenting to general practice, and reported to national
surveillance. The Infectious Intestinal Disease Study Executive. Bmj
1999;318:1046-50.
Svanteson B, Thoren A, Castor B, Barkenius G, Bergdahl U, Tufvesson B,
Hansson HB, Mollby R, Juhlin I. Acute diarrhoea in adults: aetiology, clinical
appearance and therapeutic aspects. Scand J Infect Dis 1988;20:303-14.
McKeown ES, Parry SD, Stansfield R, Barton JR, Welfare MR. Postinfectious
irritable bowel syndrome may occur after non-gastrointestinal and intestinal
infection. Neurogastroenterol Motil 2006;18:839-43.

