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Abstract We have greatly increased our understanding of

the genetics of inflammatory bowel disease (IBD) in the

last decade; however, migrant studies highlight the

importance of environment in disease risk. The possibility

that IBD is an infection has been debated since the first

description of Crohn’s disease. Mycobacterium avium

paratuberculosis was the first organism to be suggested as

an IBD pathogen, and it has been argued that it fulfils

Koch’s postulates and could be designated the cause of

Crohn’s disease. Other organisms have been postulated as

possible IBD pathogens, including various Helicobacter

species, one of which has been identified in primate colitis;

others are widely used in animal models of IBD. Adherent-

invasive Escherichia coli appear specific to ileal Crohn’s

disease and have been shown to induce the release of

TNF-a, a key cytokine in IBD inflammation. The aim of

this article is to give a concise overview of the infections

postulated as being relevant to the onset of IBD. We will

also briefly cover the immunology underpinning IBD, in

addition to reviewing current knowledge regarding other

microorganisms that are associated with modifying the risk

of developing IBD. It may be that infectious organisms

have an orchestrator role in the development of dysbiosis

and subsequently IBD.
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Introduction

‘‘I can only regret that the etiology of the condition

remains in obscurity, but I trust that ere long further

consideration will clear up the difficulty.’’

Thomas Kennedy Dalziel on chronic interstitial enteritis

(now Crohn’s disease) in 1913 [1].

We have come a long way since Kennedy Dalziel’s

original description of what has since become known as

Crohn’s disease [2], but the possibility of an infectious

aetiology for the disease remains after 96 years of

increasingly complex research into the condition and its

clinical bedfellow ulcerative colitis (UC). Dalziel himself

likened the condition to tuberculous disease and was the

first author to suggest a microbial aetiology by comparing

Crohn’s with Johne’s disease of cattle, an association that

continues to be quoted and which we will consider later [3].

The areas with the highest incidence and prevalence of

inflammatory bowel disease (IBD) are those traditionally

classed as Western countries, namely those in Northern

Europe and North America [4]. It is clear from migrant

studies that regional, ethnic and racial differences are less

important to disease aetiology than lifestyle and environ-

mental influences, as individuals moving from low-occur-

rence areas to high-occurrence areas demonstrate an

increased risk of disease [4]. An increase in the incidence

of IBD has also been described in previously low-inci-

dence, non-Western countries such as Japan [5]. The root

cause of this increase remains unclear, but increasing

‘‘Westernisation’’ and infectious agents may be of impor-

tance. The hygiene hypothesis [6] originally suggested that

an increasingly clean environment could result in allergic

disease aetiology; however, it is now being linked to a

broader array of immunological disorders [7]. It may be
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that this facet of Western culture, alongside poor dietary

habits (which often prevail in the West), may play a part in

IBD pathogenesis. What is not clear is whether these fac-

tors, along with genetic susceptibility, lead directly to IBD

or whether they allow the conditions needed for pathogens

to thrive. In this article we will discuss the various

organisms postulated as infectious agents in IBD.

Immunology

The immunology of IBD at a basic level can be thought of

as an imbalance between two populations of T cells: pro-

inflammatory effector T (TEff) cells and regulatory T (TReg)

cells (see Fig. 1).

The most commonly described TEff cells in IBD are

T-helper 1 (TH1) and 17 (TH17) in Crohn’s disease and

T-helper 2 (TH2) in UC [8]. The differentiation of TH17

cells is dependent on the key IL-23 pathway [9, 10].

Interestingly, variations in the IL-23 receptor gene have

been shown to be protective against ileal Crohn’s disease

[11]. TH17 is largely responsible for the production of

IL-17, an important pro-inflammatory cytokine which is

increased in IBD [12]. In contrast, the development of TReg

cells is thought to be controlled by transcription factor

forkhead box P3 (FOXP3) [13], and these cells in turn

release the anti-inflammatory cytokines TGF-b, IL-10 and

IL-35. TGF-b plays either a pro-inflammatory or an anti-

inflammatory role depending on the level of tissue

inflammation present [14], promoting either FOXP3-med-

iated development of TReg cells in a non-inflamed envi-

ronment or the differentiation of TH17 cells in an inflamed

environment. The role of intestinal bacteria in this balance

has recently been brought into sharp focus by the seminal

work of Mazmanian et al. [15], which has shown the

influence of a single microbial molecule on intestinal

inflammatory balance. Polysaccharide A (PSA), produced

by Bacteroides fragilis, suppresses the production of IL-17

by an as-yet unidentified route which has been shown to be

dependent on IL-10-producing T cells. Interestingly, this

study made use of Helicobacter hepaticus, which is a

benign commensal in wild-type mice but can initiate dis-

ease as a pathogen in immunocompromised mice [16]. This

mechanism may parallel human IBD, with those individ-

uals now described as being genetically susceptible to IBD

in fact being susceptible to pathogens which would be

harmless in others [17, 18]. PSA has been termed a

‘‘symbiosis factor’’, and it is likely the first of many such

factors to be discovered. Developments in this field are

likely to expand our understanding of the mechanisms of
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Fig. 1 T cell balance between intestinal inflammation and health.

IBD immunology centres on an imbalance between pro-inflammatory

effector T cells typified by TH17 and regulatory T cells (TReg). The

differentiation of TH17 is dependent on IL-23, and this cell lineage is

responsible for the key pro-inflammatory cytokine IL-17. The

development of regulatory T cells is controlled by FOXP3, and the

anti-inflammatory cytokines released include IL-10 and IL-35 along

with TGF-b, which can be pro-inflammatory or anti-inflammatory

Fig. 2 Potential pathological cascade in inflammatory bowel disease.

An underlying genetic susceptibility leads to the development of

bacterial population shifts within the gastrointestinal tract to the

detriment of the host (dysbiosis) after a trigger event. This leads to

chronic intestinal inflammation and inflammatory bowel disease
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probiotic efficacy and the immunological mechanisms of

the role that dysbiosis has in IBD.

The role of pattern-recognising signal proteins in IBD

was brought to the fore with the discovery on chromosome

16 of the NOD2/CARD15 (nucleotide-binding oligomeri-

zation domain 2/caspase activation recruitment domain 15)

gene [19]. This heralded the beginning of an unprecedented

era of genetic discovery and improved the understanding of

the immunobiology of mucosal defences in the gastroin-

testinal tract and the defective immune response under-

pinning IBD. A number of IBD susceptibility loci have

since been identified, which are reviewed in detail else-

where [17, 18]. What has become clear, however, is the

role that the innate immune system plays in sensing and

responding to bacteria within the gut lumen in order to

maintain health in the gastrointestinal tract. The large

surface area of the gastrointestinal tract and the sheer

number of live microbes in close contact with the epithelial

surface mean that there is a constant balance between

maintaining and sustaining symbiotic species on one hand

and recognising and responding to pathogens on the other.

An imbalance in the proportions of ‘‘protective’’ and

‘‘harmful’’ bacteria has been termed ‘‘dysbiosis’’, and this

is thought to be central to IBD pathogenesis [20–22].

NOD2/CARD15 represents an intracellular protein

expressed in Paneth cells at the base of intestinal crypts

[23] which is involved in sensing muramyl dipeptide

(MDP), a key component of the cell walls of both Gram-

positive and Gram-negative bacteria [24]. Loss of NOD2/

CARD15 function is thought to lead to an altered innate

immune response to bacterial cells and resultant inappro-

priate activation of the NF-jB pathway and uncontrolled

inflammation [25]. Nod-like receptors (NLRs) and Toll-

like receptors (TLRs) are both involved in bacterial sensing

in the mucosal (innate) immune system, and mutations

have been shown in both groups in IBD [26–29] featuring

variously NODs 1 and 2, TLRs 1, 2, 4, 5, 6 and 9 and NF-

jB, a downstream transcription factor within NOD/TLR

signalling pathways.

The discovery of a Crohn’s disease association with the

autophagy gene ATG16L1 has led to work in mice dem-

onstrating that loss of this gene’s function results in aber-

rant IL-1b production in response to bacterial endotoxins

[30, 31]. Autophagy is the process whereby cells recycle

internal organelles and proteins, and this process is rapidly

increased in times of cell stress or starvation [32, 33].

Interestingly, this process is essential to Mycobacterium

tuberculosis inhibition in infected macrophages, and so

defective ATG16L1 function may lend support to the idea

of a Mycobacterial pathogen in Crohn’s disease [34].

Why genetically susceptible individuals can live for

years in good health before developing disease or in

many cases never develop disease at all is still a

mystery. Intestinal microbes, in particular bacteria, are

thought to be pivotal to the development of disease [35].

The exact process of transition from health to disease is,

however, still unclear. The role of disease triggers in

genetically susceptible populations must be understood as

the next step in our greater understanding of IBD

aetiopathogenesis.

Bacteria

Our understanding of the role that bacteria play within the

human gastrointestinal tract and their role in both health

and disease is currently undergoing a revolution. The

numerical importance of our cohabitants has been clear for

some time; they outnumber human cells by a factor of 10:1

[36, 37]. It has also been clear for some time that they are

not metabolically inert, having a metabolic activity

equating to that of a virtual organ [38]. This relationship is

clearly symbiotic, the most commonly cited example of

this symbiosis being that of butyrate production, which is

dependent on colonic bacteria. Butyrate is the main fuel

source for colonocytes, and it is known to stimulate the

proliferation and differentiation of epithelial cells in the gut

[39, 40]. It is now becoming clear that the symbiosis

between human hosts and intestinal microbes extends

beyond mere substrate exchange, as the discovery of PSA,

described above, clearly demonstrates. The finding of this

anti-inflammatory polysaccharide heralds a new era of

understanding the role of our cohabitants in the balance

between health and disease [15].

With regards to IBD, it has long been recognised that

bacteria are essential to the development of the disease

[41], and historical animal models of Crohn’s disease have

initiated granulomatous change in both mice and rabbits by

infiltrating healthy animal tissue with human Crohn’s tis-

sue [42, 43]. The lack of transmissibility of disease by

transfer of stool from human IBD patients to the monkey

colon has however been cited as demonstrating a lack of

evidence for a specific pathogen [44]. However, animal

work has eloquently demonstrated the ability of an

organism to induce colitis in immunodeficient (IL-10-

deficient) but not immunocompetent mice [16]. This

observation may be in keeping with our increasing

knowledge of the genetic basis for IBD [17, 18], and per-

haps our quest for a specific pathogen in IBD has been

hindered by a lack of understanding of the host conditions

that are required for pathogenesis.

A fascinating paper by Van Kruiningen et al. [45]

examined two French families in which Crohn’s disease

was highly prevalent (6 of 6 family members in one family

in the same home and 7 of 11 children in another). Despite

compelling evidence for an infective organism (clustering
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of disease, similarity of distribution and extent of disease

and timespan) and an exhaustive search for evidence of

an infectious organism (examining Campylobacter-like

organisms, Mycobacteria, Yersinia, Mycoplasma, Corona-

virus, Brucella, influenza, toroviruses and pestiviruses),

none was identified. Interestingly, both families were noted

to be regular consumers of unpasteurised milk, a recogni-

sed source of Mycobacterium avium paratuberculosis

(MAP), a frequently proposed Crohn’s pathogen and a

possible source of bacterial entry [3, 46].

Many bacterial agents have been postulated as infectious

agents in IBD. The most important of these are summarised

in Table 1.

Mycobacteria

Mycobacterium avium paratuberculosis has been impli-

cated in Crohn’s pathogenesis since Dalziel’s original

description of the condition in 1913 [1]. The link has

been based largely on the similarity of Crohn’s to the

bovine condition Johne’s disease, characterised by gran-

ulomatous inflammation of the intestines [3]. There is

growing concern regarding the difficulty of removing

MAP from the food supply, particularly in milk products,

and this has led some European countries to move

towards eradicating it [47]. The literature surrounding

MAP and Crohn’s disease is vast. There have been con-

flicting reports regarding MAP DNA positivity from

Crohn’s biopsies, but it has been postulated that this may

be due to MAP DNA residing intracellularly in the

cytoplasm of human cells; hence the possibility of false

negativity [47]. Greenstein fluently argues the case for

MAP as the causative organism underlying Crohn’s dis-

ease with respect to each of Koch’s four postulates [48],

including culture [49–51].

Detractors from the hypothesis that MAP is causative

state various arguments, chief of which is the observation

that anti-TNF-a antibodies are so effective in treating

Crohn’s disease and yet they have been shown to cause

reactivation of latent tuberculosis [52–55].

Helicobacter

Cotton-top Tamarin colitis (CTT) is essentially the Heli-

cobacter equivalent of MAP’s Johne’s disease as an animal

model for IBD; however, whereas Johne’s parallels Cro-

hn’s disease, CTT parallels UC with similar clinical and

pathological findings. The suggestion of an infectious

aetiology for CTT which is a highly prevalent pancolitis in

captive monkeys but rare in the wild dates back to the

observations of Johnson et al. [56]. A novel urease-nega-

tive Helicobacter species was identified from monkeys

with this condition [57]. This organism, previously dubbed

‘‘Flexispira taxon’’, is now thought to incorporate at least

10 Helicobacter taxa, including Helicobacter bilis, Heli-

cobacter callitrichis and Helicobacter trogontum, along

with other species which have not been formally charac-

terised but which are often referred to as Helicobacter

rappini or Helicobacter flexispira [58].

Different species of Helicobacter organisms have been

used to initiate colitis in rodent models, for example Hel-

icobacter hepaticus and Helicobacter bilis [59, 60]. Inter-

estingly, a reduction in commensal organisms in response

to Helicobacter infection has also been shown, and it has

since been demonstrated that an IgG immune response

towards commensal bacteria predates the onset of colitis

after infection with Helicobacter bilis [61–63]. This sug-

gests a potential role for Helicobacter organisms in

orchestrating the switch from a healthy microbiota to

dysbiosis [64].

Non-pylori Helicobacter organisms have never been

isolated from humans with IBD, but the pathogenic

potential of these organisms in humans has been made

clear by their association with proctocolitis and enteritis in

homosexual men [65]. Attempts to demonstrate their

presence in IBD have at times given disappointing results,

with Bell et al. [66] failing to demonstrate their presence

utilising a PCR-only method, and Grehan et al. [67] also

failing to demonstrate their presence utilising nested PCR.

In 2006, however, Zhang et al. [68] demonstrated a 92%

prevalence of Helicobacter organisms in children with IBD

Table 1 Bacterial agents postulated as IBD triggers: animal disease parallels and human evidence to date of link to IBD

Organism Animal disease

parallel

Animal Equivalent human

IBD

Human

detection

Key references

Mycobacterium avium
paratuberculosis

Johne’s disease Cattle Crohns’ disease DNA, RNA,

culture

[47, 49–52]

Non-pylori Helicobacter Cotton-top Tamarin

colitis

Cotton-top Tamarin

monkeys

UC DNA [56–58, 64, 68–70,

117]

Adherent-invasive Escherichia
coli

Boxer dog colitis Boxer dog Ileal Crohn’s

disease

Culture [71–73, 76–78]

Campylobacter concisus N/A N/A Crohn’s disease DNA, culture [85]
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against 25% in paediatric controls utilising multiple tech-

niques (PCR, DGGE, FISH). Our own FISH work has

supported this finding, demonstrating a non-pylori Heli-

cobacter prevalence of 79% in adult UC against 23% in

adult controls [69] and 87% in paediatric UC against 40%

in paediatric controls [70]. We have shown a similarly high

prevalence of these organisms in paediatric Crohn’s dis-

ease at 83% (unpublished data). Work is currently under-

way to identify to species level which non-pylori

Helicobacter are present. Candidate Helicobacter organ-

isms which have been associated with human gastrointes-

tinal illnesses are summarised in Table 2.

Whether or not Helicobacter organisms have a role in

human IBD and understanding what that role is will depend

on our culturing these organisms from affected individuals

for further work before addressing Koch’s postulates [48]

once again.

Escherichia coli

Modern interest in Escherichia coli as a pathogen in IBD

began with the dual observations that organisms isolated

from patients with Crohn’s disease had greater adherent

properties to human cells than those from controls [71], and

that previously unrecognised invasive E. coli organisms

with adherent properties were present in Crohn’s ileal tissue

[72]. These invasive organisms with adherent properties

have been termed adherent-invasive E. coli (AIEC) [72]. In

addition to being able to invade intestinal epithelial cells,

AIEC (strain LF82) can invade human macrophages, sur-

vive and replicate extensively for long periods [73]. Such

infected macrophages release high levels of tumour necro-

sis factor (TNF-a) (2.7 times more than cells stimulated by

E. coli 01141:B4 lipopolysaccharide) [73]. TNF-a is a key

cytokine in intestinal inflammation, and has been recogni-

sed as being released in large amounts in Crohn’s disease

[74, 75]. In direct contrast to the MAP/anti-TNF-a conun-

drum, this observation fits nicely with the success of anti-

TNF-a antibodies as a treatment in Crohn’s disease [55].

AIEC organisms have been found to be more prevalent

in early ileal Crohn’s lesion tissue (36.4%) versus controls

(6.2%), but interestingly, these organisms were relatively

rarely found in colonic tissue from Crohn’s patients (3.7%)

and controls (1.9%), and they were not identified at all in

UC colonic tissue, suggesting a specific association with

ileal Crohn’s [76]. The number of E. coli organisms

identified within the ileum in Crohn’s has recently been

significantly correlated with the activity of ileal disease at

endoscopy [77]. Similar organisms have also been found to

be universally present in granuloma tissue from Boxer dogs

with colitis [78], suggesting their ability to initiate

pathognomic granulomatous Crohn’s changes in the

intestinal mucosa.

Risk attributed to gastroenteritis

Porter et al. [79] recently published a large retrospective

case–control study examining the development of IBD in

army personnel and its association with prior gastroenteritis.

This study reported an increased risk for the development of

IBD following an infectious gastroenteritis exposure (odds

ratio 1.40, 95% CI 1.19–1.66), with odds ratios for Crohn’s

and UC independently being 1.54 (1.17–2.04) and 1.36

(1.08–1.72), respectively. Interestingly, exposure was not

based on pathogen identification, and so bacteria, viruses

and protozoal infections may all have been included in the

cases studied. Whether a small group of specific pathogens

Table 2 Non-pylori
Helicobacter organisms

associated with human

gastrointestinal disease

Organism Organism first

cultured from

Human GI

association

Key references

Helicobacter bilis Mouse Chronic cholecystitis [68, 117–119]

IBS/IBD

Crohn’s disease

Helicobacter canis Dog Crohn’s disease [117, 120]

Human

Helicobacter cinaedi Human Proctitis [65, 68, 121]

IBS/IBD

Helicobacter fennelliae Human Proctitis [65, 122]

Helicobacter hepaticus Mouse IBS/IBD [68, 123]

Helicobacter pullorum Chicken Gastroenteritis [124]

Human

Helicobacter canadensis Human Diarrhoea [125, 126]

Septicaemia

Helicobacter trogontum Rat Crohn’s disease [117, 127]
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accounted for a high risk which was diluted within the large

sample or whether any gastroenteritis exposure confers an

increased risk is thus unknown. Certainly recent animal

work in rats has shown that colitis itself can lead to dysbi-

osis, so it is possible that a broad range of pathogens can

serve to initiate IBD [80]. Porter et al. [79] excluded pos-

sible infectious gastroenteritis episodes within 6 months of

a formal IBD diagnosis. The reason for this exclusion was to

remove false diagnoses of infection, which were in fact first

presentations of IBD. The authors themselves acknowledge

that this cut-off may have served to under-represent the true

association between infectious gastroenteritis and IBD,

particularly if the period between exposure to a pathogen

and development of IBD is short.

A 15-year follow-up study from Denmark recently

examined the risk of developing IBD following infection

with either Campylobacter or Salmonella gastroenteritis

[81]. The risk for developing IBD following infection was

2.9 (95% CI 2.2–3.9) times higher for the whole 15-year

period, with the risk attributable to the first year after

exposure being 1.9 (1.4–2.6) times normal. Campylobacter

and Salmonella spp. presence conferred similar risks, and

the risk of developing Crohn’s versus UC was also broadly

similar. This work has mirrored previous findings that are

supportive of bacterial gastroenteritis as a risk factor for

IBD and UC alone [82–84]. Interestingly, the Campylo-

bacter infections in the Danish study were diagnosed by

microscopy and positive oxidase and catalase reactions

only. Given the recent finding of higher numbers of non-

jejuni Campylobacter species in children with Crohn’s

disease by Zhang et al. [85], it would be interesting to

examine the Campylobacter organisms isolated in the

Danish study to species level by molecular methods. The

organism highlighted by Zhang et al. as being the most

prevalent was Campylobacter concisus (57% oxidase

positive, 0% catalase positive [86]), but other oxidase/

catalase-positive organisms such as Campylobacter showae

(50% oxidase positive, 100% catalase positive [86]),

Campylobacter rectus (100% oxidase positive, 20% cata-

lase positive [86]) and Bacteroides ureolyticus (100%

oxidase positive, 20% catalase positive [86]) were also

identified from the Crohn’s cohort in the same study [85].

Further exploration of whether infection with specific

Campylobacter species predisposes to IBD or whether this

finding is generic is warranted.

Fungal, viral and helminthic agents

Fungi have had relatively little exposure as potential

pathogens in IBD, despite the longstanding recognition of

anti-Saccharomyces cerevisiae antibodies (ASCA) as a

diagnostic marker for Crohn’s disease and a common

antigen of Saccharomyces cerevisiae cell walls [87–89].

This antigen can also be expressed by Candida albicans

[90]. It is clear that fungal species and particularly Candida

species form a normal part of the gut microbiota [91]. It is

also clear that perturbation of the gastrointestinal microbial

community, for example during antibiotic intake, can

increase fungal populations [92, 93]. It is not clear, how-

ever, whether the organisms themselves are responsible for

the diarrhoea associated with antibiotic use [93]. Recent

work has shown that Candida albicans is more frequently

isolated from Crohn’s patients (44%) and their healthy

relatives (38%) than controls (22%) [94]. Another recent

study examined the fungal microbiota in IBD versus con-

trols utilising 18S rDNA methods [95]. The study of Ott

et al. found that fungal diversity was significantly increased

in Crohn’s when compared with both inflamed and non-

inflamed controls. UC fungal diversity was also increased,

but not to significant levels.

Several viruses have also been implicated as exacer-

bating agents in IBD. These include chiefly cytomegalo-

virus (CMV), but recently parvovirus B19, norovirus and

Epstein–Barr virus have all been suggested as exacerbating

agents [96–98]. CMV appears to act through latent reac-

tivation (reviewed succinctly by Hommes et al. [99]). The

paramyxoviruses, and in particular measles, have been

extensively debated in the medical literature since the

observation that measles virus nucleocapsid protein

appeared to be present in intestinal tissue from Crohn’s

patients [100]. The link between measles and Crohn’s

disease has been broadly disregarded by a body of evidence

since; hence it will not be given further discussion within

this article. Two excellent reviews which cover this topic

have been written by Ghosh et al. [101] and Loftus [4].

The relationship between helminths and the human

intestinal tract, and in particular the link between a lack of

helminth infection and IBD, is a fascinating one which has

recently been the subject of numerous excellent reviews [7,

102, 103]. The first proposal that lack of exposure to hel-

minths predisposed to development of IBD—the so-called

‘‘IBD hygiene hypothesis’’—was made in 2000 by Elliott

et al., who suggested that the rearing of children in

increasingly hygienic environments is detrimental to

immune development, with a resultant predisposition to

immunological diseases such as IBD [104].

Helminths as therapy have been trialled in both Crohn’s

disease and UC [105, 106]. The Crohn’s study used an

open-label approach in addition to standard treatment;

79.3% of patients responded and 72.4% entered remission.

The UC study was a randomised controlled trial against

placebo as an adjunct to standard treatment. This trial

demonstrated a statistically significant improvement in

disease activity in intention-to-treat analysis between the

helminth group (43.3% improved) and placebo (16.7%
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improved, p = 0.04). Both of these trials utilised the pig

whipworm Trichuris suis. The hookworm Necator amer-

icanus has also been successfully trialled as a potential

therapy in a small group of patients with Crohn’s disease

[107]. The basis for the beneficial effect of helminths in

IBD is through their complex immunological relationship

with their host organism. This is summarised in detail by

Weinstock and Elliott [103] but involves their direct action

on epithelial cells, helminth secretion of potentially anti-

inflammatory substances such as TGF-b, and possibly also

helminth factors which alter the luminal microbiota of the

host.

Clues from diet

The pre-morbid state in Crohn’s disease includes a diet

which is more likely to contain more refined sugar, less

fibre, and less raw fruit and vegetables [108]. The refined

sugar finding has been supported by a case–control study

from Sweden demonstrating a positive link between

sucrose intake and Crohn’s as well as protective effects of

wholegrain bread, muesli and coffee and a surprisingly

high risk (RR 3.4, 95% CI 1.3–9.3 for an intake of more

than twice per week) associated with fast foods [109].

Vegetable intake and coffee were protective for UC, and

fast foods conferred a high risk (3.9, 95% CI 1.4–10.6 for

an intake of more than twice per week). A reduced intake

of fruit and vegetables in IBD cases against assorted con-

trols has also been shown in a multinational study

recruiting in North American, Northern Europe and the

Mediterranean [110]. The study of Thornton et al. [108]

suggested that ‘‘dietary influences may alter the milieu of

the intestinal lumen or modify the intestinal flora and so

promote the growth of an infective agent or its invasion of

the gut wall’’. It may well be that the pre-morbid diet

provides either specific or sufficient distal intestinal sub-

strates which allow the invasion of a pathological microbe

or the establishment of dysbiosis.

The mechanism by which exclusive enteral nutrition

(EEN) is efficacious in Crohn’s disease remains a mystery,

and does not appear to be due to prebiotic properties of the

diet [111]. What remains clear, however, is that this is a

therapy as efficacious as steroids for inducing remission in

IBD [112]. Different hypotheses have been suggested for

its mechanism of action [113], including prebiotic effects,

nutritional and micronutrient repletion, removal of dietary

antigens (bowel rest), and a reduction in dietary fat leading

to a reduction in inflammatory mediator synthesis. Bowel

rest has been rejected as a viable hypothesis because of

the efficacy of whole protein enteral nutrition [114].

Gerasimidis et al. [111] have shown that despite achieving

clinical remission, analysis of stools demonstrated what

were thought to be detrimental changes. These changes are

presumed to be due to a change to an unhealthy colonic

milieu. Butyrate production was seen to decrease in this

study. This reduction was deemed due to a lack of indi-

gestible carbohydrates in the diet. A comparison of colonic

mucosal bacterial populations before and after enteral

nutrition may add greater understanding to the confusing

conundrum of how an effective therapy can be detrimental

to metabolic indicators of colonic bacteria. This may lend

valuable insight into the mechanism of action of EEN, and

this may lead to the modification of what can be a bur-

densome therapy. The fact that the remission induced by

enteral nutrition is not long-lasting, with 60–70% of

patients relapsing within 12 months of cessation of the

therapy, suggests a modulation of bacterial activity rather

than any permanent alteration to bacterial cohabitants

[115]. This could be due to a reduction in the bacterial

substrates available within the colon during EEN, which

then return with restoration of a normal diet.

Discussion

The microscopic ecosystem that exists in the human colon

and its symbiotic relationship with human health and dis-

ease has become the focus of much research interest [116].

It may well be that the unexplained rises in immune-

mediated disorders (atopy, allergies, rheumatoid arthritis,

IBD, multiple sclerosis, juvenile-onset diabetes mellitus,

etc.) are due to our societal evolution away from our

symbiotic cohabitants, potentially allowing more patho-

genic organisms to take their place.

Many organisms have been studied as possible patho-

gens, but it seems unlikely that IBD acts as a traditional

infection. It appears more likely that infectious agents

facilitate a change from the status quo that is sufficient to

allow the development of IBD. Thus, in order to under-

stand IBD aetiology, we must study patients at the onset of

disease in order to identify the specific trigger events

(including infection) which lead to the development of

IBD. It may be that certain trigger events can be identified

which lead to the development of dysbiosis in genetically

susceptible individuals and ultimately to IBD (Fig. 2). If

this is the case, it may then be possible to identify these

genetically susceptible individuals, perhaps during new-

born screening, and then to intervene and prevent the

trigger events that initiate disease. This may be achieved,

for example, by immunisation for specific pathogens, die-

tary manipulation or probiotics from infancy, but this could

ultimately prevent the development of disease. Clearly this

route is not as financially profitable as developing new

chronic therapies for advanced disease, but the potential

impact of intervention is much larger.
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Conclusion

As we increase our knowledge of the aetiology of IBD, we

must take into account the differences in genetic suscep-

tibility between Crohn’s disease and UC, explain the var-

iable disease onset and presentations within each disease,

and critically explain the mucosal population changes seen

which lead to ‘‘dysbiosis’’ [20–22]. It may be that by

considering Crohn’s and UC together we do both condi-

tions a disservice, but they are naturally grouped together

and each forms an intriguing control for the other. The

quest for specific pathogens goes on, but until a microor-

ganism isolated from a human with IBD can be shown to

initiate the disease state in an animal model, we will be

unable to state causation, and—as has been the case thus

far—most studies are at best circumstantial. The key

question relating to specific pathogens which needs an

answer is: does the presence of these organisms initiate

disease, or does the initiation of disease cause conditions

suitable for the proliferation of these organisms?
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82. Rodrı́guez LAG, Ruigómez A, Panés J. Acute gastroenteritis is

followed by an increased risk of inflammatory bowel disease.

Gastroenterology. 2006;130(6):1588–94.

83. Helms M, Simonsen J, Molbak K. Foodborne bacterial infection

and hospitalization: a registry-based study. Clin Infect Dis.

2006;15,42(4):498–506.

84. Ternhag A, Törner A, Svensson Å, Ekdahl K, Giesecke J. Short-
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