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Abstract

Many advances have been made in the understanding
of Crohn’s disease (CD) pathogenesis during the last
decade. CD is currently seen as a predominantly T-lym-
phocyte-driven disease characterized by the presence of
a complex cocktail of interacting cytokines, chemokines
and other mediators produced by a variety of cell types.
Prevailing theories of CD pathogenesis suggest that
patients’ T-lymphocytes are inappropriately activated
in the setting of an immune imbalance, which is itself
caused by an unfortunate confluence of genetic and en-
vironmental factors. The T-cell response then leads to
the chronic inflammation characteristic for the disease.
Various environmental factors may play a role in the
development of CD, but microbes are most consistently
implied. This theory is based on epidemiological, clinico-
pathological, genetic and experimental evidence. Despite
the abundance of arguments for the implication of bac-
teria in the etiopathogenesis of CD, the precise role of
bacteria in this disease still remains elusive. Three not
necessarily mutually exclusive theories have been pro-
posed: (1) an unidentified persistent pathogen; (2) an
abnormally permeable mucosal barrier leading to exces-
sive bacterial translocation; and (3) a breakdown in the
balance between putative “protective” versus “harmful”
intestinal bacteria (“dysbiosis”). At present, one cannot
exclude with certainty any of these three proposed hy-
potheses; they may all apply to CD to a certain extent.
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INTRODUCTION

Many advances have been made in the understanding of
Crohn’s disease (CD) pathogenesis during the last decade.
CD is currently seen as a predominantly T-lymphocyte-
driven disease characterized by the presence of a complex
cocktail of interacting cytokines, chemokines and other
mediators produced by a variety of cell types. Prevailing
theories of CD pathogenesis suggest that patients’
T-lymphocytes are inappropriately activated in the setting
of an immune imbalance, which is itself caused by an
unfortunate confluence of genetic and environmental
factors. The T-cell response then leads to the chronic
inflammation characteristic for the disease.

MICROBES, AN ENVIRONMENTAL
FACTOR IMPLIED IN CD PATHOGENESIS

Various environmental factors such as smoking,
appendectomy and the composition of the diet may
play a role in the development of CD"". Microbes are
however the most consistently implied factor in CD
pathogenesis. This theory is based on epidemiological,
clinicopathological, genetic and experimental evidence.

Epidemiological evidence

Evolutions in the epidemiology of CD during the sec-
ond half of the 20th century may be explained in part
by changes in the exposure of the human intestine to
microbes over the same period. Some investigators pro-
pose that increased hygiene and the concomitant delayed
exposure to enteric pathogens have contributed to the
surging incidence of CD". Not only the timing but also
the type of microbes to which the gut is exposed may be
importantm. Changing dietary practices such as decreased
consumption of oats, rye and bran, increased consump-
tion of uncooked pork, unpasteurized milk and cheeses,
and drinking well water instead of tap water may all favour
a shift from a “protective” to a “harmful” gastrointestinal
(GI) flora”. The “cold chain hypothesis” postulates that
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CD results from an increased and chronic exposure to mi-
crobes which are able to survive at low temperatures (so-
called psychrotropic bacteria, such as Listeria monocytogenes,
Yersinia enterocolitica, Clostridinm botulinnm and Bacillus cerens).
The chronic ingestion of these bacteria, new in the 20th
century, would result from the increasingly common use
of refrigeration in food prepatration and storage, with the
domestic refrigerator as the final step in the cold chain"’,
Another possible cause of sustained alterations in the gut
microbiota is the increased use of antibiotics in human
and veterinary medicine. Insufficient doses of antibiot-
ics can induce a capacity for toxin production in bacteria
or can make them invasive. It has been documented that
ptior antibiotic therapy can promote the outbreak of CD,
and antibiotic use 2-5 years pre-diagnosis has an odds ratio
of 1.32 in CD incident cases after adjusting for age, sex,
smoking and the use of other drugs"'?.

Clinicopathological evidence
The clinicopathological features of incident and recurrent
CD, including its extra-intestinal manifestations, can be
mimicked to a certain degree by specific enteric infectious
diseases. Most notable in this regard are Campylobacter,
Salmonella, Shigella and Yersinia infections. These can all
present with an endoscopic picture of focal/segmental
enterocolitis. Yersinia species (spp) may persist for a long time
in the bowel wall and sustain chronic inflammation with its
attendant consequences for tissue architecture. Differential
diagnosis is by stool or blood culture or serology, as biopsies
can show focal active colitis reminiscent of CD"*, Other
infectious microorganisms, which can cause diagnostic
confusion, are Escherichia coli (E. coli) serotype O157:H7*",
Chlamydia trachomatis™, Mycobacterinm tuberculosis™ | Actinomyees
spp[z{ﬂ, Entamoeba bz'xl@dz'mm, Giardia lamblid™, Blastocystis
hominis, Cryptococcus neoformans and Histoplasma capsulatum.
Diarrhoea is a major symptom of CD, but also of
infectious gastro-enteritis. This may occasionally cause
differential-diagnostic problems. Infection with enteric
viruses such as rotavirus, Norwalk-agent or adenovirus
may provoke an exacerbation of pre-existing CD and
thus enters in the differential diagnosis of CD relapsem].
Acute bacterial enteritis can be confused with a first
attack of CD, especially if stool cultures remain negative.
Fulminant CD colitis with toxic dilatation, while being
rare, is commonly treated surgically. These cases may
be confused with infection by Entamoeba histolytica,
Salmonella spp, Campylobacter jejuni and Clostridinm difficile,
which can sometimes be treated medically™™". Chronic
diarrhoea in immunocompetent patients is generally
caused by non-infectious diseases like CD. The three
most common infectious causes are Giardia lamblia,
Entamoeba histolytica and Clostridinm difficile (the latter can
be provided with a niche by previous use of antibiotics).
The clinicopathological manifestations in all three can be
confused with CD. Clinical activity of CD may diminish
with CD4 T-cell depletion in AIDS. On the other hand,
very low CD4-counts may allow the development of
AIDS-related GI infections™ throscoplc examination of
a colonoscopic biopsy set may be helpful in the differential
diagnosis between infectious gastro-enteritis and a first
attack or relapse of CD. Infectious disease usually shows
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a picture of acute self-limited colitis, although this may
evolve over time in focal active colitis. In such cases,
differential diagnosis from CD becomes more difficult™.
It should be noted that the typical histological features of
chronic inflammatory bowel diseases (basal plasmocytosis,
crypt distortion, villous colonic mucosa, crypt atrophy)
increase in frequency with longer disease duration”

Infections may also arise as side-effects of CD therapy.
Induction and maintenance of remission in active disease
are usually obtained by suppressing the adaptive immune
system. The attending risk is a re-activation of suppressed
infectious agents or the creation of new opportunities for
opportunistic pathogens. Examples of such infectious
agents are Clostridium difficile, Mycobacterium tuberculosis,
Aspergillus spp, cytomegalovirus, varicella-zoster virus and
Epstein-Barr virus. The surgical treatment of CD can be
complicated by abdominal wound sepsis (e.g. by E. o/,
Protens spp and Staphylococcus anrens), unless antibiotic
prophylaxis was applied. The increased risk of surgical
infections may be related to the high degree of bacterial
translocation in CD",

It has been observed that CD recurrence in the
neoterminal ileum after curative ileal resection depends on
the presence of the faecal stream™. Histopathological and
electron microscopic studies have shown that intestinal
contents trigger postoperative recurrence proximal to
the ileocolonic anastomosis already in the first days after
surger}f[37]. Metronidazole therapy for 3 mo decreases the
severity of this early endoscopic recurrence and seems
to delay symptomatic recurrence as well®™, Likewise,
ornidazole treatment for up to 1 year significantly reduces
the endoscopic and clinical recurrence rate of CD after
surgery”’. The construction of a nipple valve may delay
and perhaps prevent symptomatic recurrence™’. A
possible explanation is that the anastomotic configuration
may influence colonization rates in the neoterminal
ileum. When compared with controls, the neoterminal
ileum in CD patients is more heavily colonized by E. co/,
enterococci, bacteroidetes and fusobacteria!*'.

Genetic evidence

In 2001, two independent groups identified the CARD15
gene on chromosome 16q as a susceptibility gene in CD.
Three common single-nucleotide polymorphisms (SNPs)
of this gene were found to be associated with develop-
ment of CD: two missense mutations, Arg702Trp (SNP8)
and Gly908Arg (SNP12), and a frameshift mutation,
Leul007fsinsC (SNP13)"**, The CARD15 protein func-
tions as an intracellular receptor for muramyl dipeptide
(MDP), the minimal structural motif of peptidoglycan, a
common component of gram-positive and gram-negative
bacterial cell walls. MDP may enter the cytosol via the
transporter protein hPepT1 and then binds to the C-ter-
minal leucine rich repeat (LRR) domain of the CARD15
protem Upon recognition of MDP, CARD15 activates
the nuclear factor kappa B (NF-kB) pathway via a Rick/
Rip2 interaction. Because NF-xB is a key factor in the
inflammatory response, CARD15 is considered as a pro-
inflammatory molecule. The CD-associated mutations of
the CARD15 gene affect the LRR domain of the protein
and thus may impair its pro-inflammatory function. This
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has potentially serious consequences given the normal ex-
pression of CARD15 in cells of the monocyte lineage and
in Paneth cells, which ate both involved in antibacterial de-
fense™*. The increased odds ratio for CD in double-dose
CARD15 mutation carriers, the impaired defensin pro-
duction by Paneth cells in ileal CD™™. data from in vitro
models of transiently transfected cell lines™ ™ and a loss
of response to MDP observed in ex #ivo analyses of circu-
lating monocytes from CD patients™ all suggest a loss-of-
function model for CARD15 in CD. It seems paradoxical
that loss of function in a pro-inflammatory molecule such
as CARD15 can cause an inflammatory condition such as
CD. Most authors propose that defective recognition of
bacterial components allows an increased bacterial prolif-
eration in the gut, which in turn would be a powerful stim-
ulus for the adaptive immune system. The end result might
seem a T-lymphocyte-driven disease. Attractive as this
theory is, it remains however at present wholly speculative.
It should be noted that other explanations for the paradox

have been offered as well®.

Experimental evidence

There are currently more than 20 animal models of
chronic inflammatory bowel disease. These models can be
divided into 4 groups: (1) genetically induced as a result of
deletion (e.g. IL107, T-cell receptor mutant mice) or ovet-
expression of genes (e.g. IL7 transgenic mice, HLA-B27
transgenic rats); (2) adoptive transfer models (e.g. the
CD45RB transfer model, the heat shock protein 60 CD8
T-cell transfer model); (3) inducible colitis models (e.g.
TNBS- or DSS-induced colitis); and (4) spontaneous coli-
tis models (e.g. C3H/HejBir mice, SAMP1/Yit mice)™.
All the genetically engineered mouse models require com-
mensal enteric bacteria for the development of intestinal
inflammation. Various organisms including He/icobacter spp
and E. ¢oli have been implicated®*", The role of the flora
in the initiation of inflammation may be host-dependent.
Development of inflammation in these animal models fur-
ther requires a particular genetic background and the pres-
ence of T-helper cells™.

THE PRECISE ROLE OF BACTERIA IN THE
PATHOGENESIS OF CD

Despite the abundance of arguments for the implication
of bacteria in the etiopathogenesis of CD, the precise role
of bacteria in this disease still remains elusive. Three not
necessarily mutually exclusive theories have been proposed:
(1) an unidentified persistent pathogen; (2) an abnormally
permeable mucosal barrier leading to excessive bacterial
translocation; and (3) a breakdown in the balance between
putative “protective” versus “harmful” intestinal bacteria

(“dysbiosis”).

The unidentified persistent pathogen theory

The similarities between CD and some forms of infectious
enterocolitis are sufficiently evident that numerous specific
microbial aetiologies for CD have been proposed over the
years. One of the first descriptions of what later became
known as “Crohn’s disease”®” was made by Dalziel in

1913, He noted similarities between his cases of “chronic
interstitial enteritis” in humans, and Johne’s disease in cat-
tle, which is caused by Mycobacterium avium subsp paratuber-
cnlosis (MAP). He therefore suggested that MLAP may have
been the cause of the disease which he described. This
hypothesis has since been tested extensively by numerous
investigators, and evidence has accumulated both in favour
and against the theory. M.AP has been cultured from CD
tissues*” and peripheral blood of CD patients®, although
not uniformly®”. The variability in the results may be
partly due to the fastidious culture requirements of the
cell wall-deficient forms (“L-forms”) of M.AP, which are
reportedly present in CD. Detection rates for MAP DNA
in CD tissues using a specific PCR range everywhere from
0% to 100%™, This large variation may be due to dif-
ferences in DNA extraction techniques or to geographical
variations in the prevalence and modes of transmission
of MAP"™. Investigation of the presence of an immune
response to MAP antigens in CD patients has also yielded
both positive and negative results”>”. Enthusiasm for
MAP as the causative agent of CD has further diminished
after the recent publication of the results of a large, pro-
spective, placebo-controlled, double-blind, randomized
trial of 2 years clarithromycin, rifabutin and clofazimine
in active CD, with a further year of follow-up included in
the study design. Although after 16 wk treatment sig-
nificantly more subjects were in remission in the antibiotic
arm than in the placebo arm, this benefit could not be sus-
tained later on. After two years, the relapse rate was similar
in the antibiotic and the placebo group. The good result
in the first 16 wk may have been due to concomitant ad-
ministration of a tapering course of prednisolone, which
can have non-specific bacterial effects. Numerous other
specific bacteria have been proposed as candidate causative
agents of CD, including Pseudomonas ma/tap/yz'/z'ﬂm, Mycobac-
terinm kansasii' ', Chlamydia trachomatis” ", Bacteroides ﬁ’agz‘/ixﬁs]
and Listeria monocytogenes”. Like MAP, P maltophilia and
M kansasii were first isolated from CD tissues as L-forms.
This is by no means a rare phenomenon as a vatiety of
other bacteria such as Enterobacteriaceae, Staphylococcaceae and
Streptococcaceae have been cultured from tissues of IBD pa-
tients (but not from control subjects) as L-forms as well.
Recovery rates of these L-forms are apparently not influ-
enced by previous medical treatment. This suggests either
that L-forms may be involved in disease causation, or that
their presence in mucosal biopsies is a result of the disease
process itself®”. Adherent-invasive E. co/i (ATEC) is a spe-
cific pathovar which has been isolated from the intestinal
mucosa of CD patients. The reference strain LF82 is able
to adhere to intestinal epithelial cells, to invade these cells
via a mechanism involving actin polymerization and micro-
tubules organization, and to survive and replicate within
macrophages”™ ™. Recently, it was shown that pathogenic
B2+D E. coli strains are significantly more abundant in
IBD patients than in controls. The B2+D phylogenetic
groups are associated with the presence of serine protease
autotransporter proteins and adherence factors and may
have a significant role in disease actiology™”.

The excesssive bacterial translocation theory
Bacterial translocation can be defined as the passage of
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viable endogenous bacteria from the GI tract to mesentet-
ic lymph nodes and other internal organs. The proportion
of surgically treated CD patients with bacterial transloca-
tion prior to antibiotics administration varies between 30%
and 50%, which is much higher than in controls (5%-15%).
This suggests that bacteria leak from the bowel lumen in
a high proportion of CD patients. The translocating bac-
tetia may be involved in the pathogenesis of fistulas and
abscesses, and translocation may predispose patients
undergoing laparotomy to the systemic inflammatory re-
sponse syndrome. Bacterial strains involved in transloca-
tion include E. coli, Enterococcus spp, Clostridium perfringens,
Proteus spp and Bacteroides fragilis. Distension of the intes-
tine proximal to a stricture may predispose to bacterial

. 8586
translocation™*",

The dysbiosis theory

The human gut contains a large number of microorgan-
isms, most of which belong to the domain Bacteria. The
intestine of an adult human individual may contain more
than 500 different bacterial species at any moment, with
30-40 species comprising up to 99% of the total popula-
tion™”. The concentration of bacteria increases along the
small bowel from approximately 10" in the jejunum to 10
colony-forming units (CFUs) per g of luminal content at
the ileal end, with predominance of gram-negative acrobes
and some obligate anaerobes. The colon is heavily popu-
lated by strictly anaerobic bacteria at concentrations of
approximately 10> CFUs per g of luminal content™. The
traditional method to investigate the composition of the
gut flora is culture-based: bacteria are isolated on selective
growth media and identified by phenotypic characteris-
tics. However, over 50% of the bacterial cells observed
by microscopic examination of a faecal specimen cannot
be grown in culture. Molecular biologic techniques have
recently been developed to characterize these bacteria.
These new techniques are largely based on the sequence
diversity of the 16S rRNA gene. This gene is essential for
the survival of all bacteria, since it encodes a part of the
ribosomal RNA. Its sequence contains well-preserved and
more variable parts. The variability between the 16S rRNA
gene sequences of two bacterial species can be used as a
measure for their phylogenetic distance. Alternatively, the
16S rRNA gene sequence can be used to identify or char-
acterize the bacteria present in a biological specimen, even
if they are not cultivable. A large number of 16S rRNA
gene sequences (> 79000) are currently available in public
databases™.

Several studies using different methods have repeatedly
shown that the faecal microflora differs between CD
patients and healthy controls, although the reported changes
are not always consistent””. Bowel contents in quiescent
CD are characterized by high total viable counts, high
biodiversity and temporal stability. There is an increased
number of obligate anacrobic Gram-negative rods, e.g.
Bacteroides fragilis and B vulgatus. Many unusual species are
also present in low numbers. On the other hand, counts
of butyrate-producing Firmicutes (especially those of the
Clostridium leptum group) ate typically diminished. This may
lead to an increased frailty of the intestinal epithe]jummm.
The observed changes are independent of disease location,
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the presence of anatomical abnormalities secondary to
inflammation or scarring, treatment with sulphasalazine
or corticosteroids and even surgery. It has therefore been
suggested that the faecal flora abnormalities in CD may be
due to constitutional factors” ™. CD relapse causes huge
disturbances in faecal flora composition. With diarrhea,
total viable counts diminish due to a decrease in the number
of strictly anaerobic bacteria (e.g., bifidobacteria). There
is also a shift towards facultative anacrobes (particularly
E. [0[])[103’104].

The alterations in the luminal or faecal flora in
CD patients are however not necessarily relevant for
what happens at the mucosal level. Most studies of the
mucosal flora report an increased likelihood to obtain
positive culture results and higher total viable counts in
CD patients’ biopsies than in controls, especially in the
ileum. Mucosa-associated bacteria in CD typically form
a thick, densely populated biofilm associated with the
mucus which covers the intestinal epithelium. Bacterial
concentrations are higher in normal-looking CD mucosa
than in biopsies obtained from visibly inflamed areas'" """,
Not only the abundance but also the composition of the
mucosa-associated flora is abnormal in CD. In general, the
prevalence of the phyla Proteobacteria and Bacteroidetes
is increased at the expense of the phylum Firmicutes"'”
Facultatively anaerobic bacteria (enterobacteria and
enterococci) are found more frequently in ileum biopsies
from CD patients than in normal subjects . Taken
together, the literature data suggest that the mucosal flora
in CD patients is abnormal even before the onset of
inflammation'"".,

CLINICAL IMPLICATIONS

Given the abundant evidence for a role of bacteria in the
pathogenesis of Crohn’s disease, it has been suggested
that the intestinal bacterial flora can be manipulated for
therapeutic purposes. Several investigators have reported on
the use of antibiotics and probiotics in CD patients. From
these data, it appears that treatments must be individualized,
depending on disease location and activity" .

Antibiotics

Antibiotic therapy in Crohn’s disease may decrease the
number of mucosa-associated bacteria, kill or suppress
bacterial variants which induce eatly histological lesions,
and reduce the rate of bacterial translocation. Broad-
spectrum antibiotics are frequently and successfully used in
the treatment of mild to moderate CD, although no large
controlled trials have yet been performed!”.

Metronidazole has been most extensively investigated.
This antibiotic is active against strictly anaerobic bacteria. It
has been used in monotherapy, especially with colonic and
ileocolonic CD, but not for ileitis" ", Tt has however many
side-effects such as nausea, anorexia, dysgeusia, dyspepsia
and peripheral neuropathy, which may limit its use.

Other antibiotics have also been tested. Ciprofloxacin
therapy is one of the potential treatments of active CD,
and is also effective when used in combination with
standard treatment in patients with resistant disease!”"'*.
Combined ciprofloxacin plus metronidazole treatment has
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been shown to be a potential alternative to steroid therapy
in the acute phase of CD, although it is more effective
in colonic than in isolated small bowel disease!*>'*",
The combination of ciprofloxacin and metronidazole
is also used in the treatment of perianal CD"*, Other
antibiotics which have been tested are rifaximin'*” and

clarithrornycin[m].

Probiotics

Probiotic therapy is one possible approach to the prevention
of relapse in CD patients. Several microorganisms such as
E. coli Nissle, Lactobacillus GG and Saccharomyces bonlardii have
been tested. At present however, there is no evidence that
these probiotic preparations perform better than placebo
or aminosalicylates in this setting. The use of probiotics as
a maintenance therapy for medically or surgically induced

. . . 128]
remission in CD is therefore currently not recommended"™”,

CONCLUSION

At present, one cannot exclude with certainty any of
the three proposed hypotheses on the role of bacteria
in CD etiopathogenesis. Uninflamed bowel mucosa in
CD may be heavily colonized by facultative anaerobe
and/or aerotolerant bacteria, possibly due to a genetically
determined defect in the capacity of the mucosa to “hold
back” such bacteria. The ecological conditions prevailing
in this mucosa-associated biofilm may then enable some
bacteria to acquite particular virulence traits by horizontal
gene transfer. Eventually, pathovars may arise which have
an increased capacity for adherence to and invasion of the
mucosa. Aphtoid ulcerations may develop in this setting;
Once the mucosal integrity is broken down, bacterial
translocation through the bowel wall is greatly enhanced
and may lead to the development of complications such as
fistula and abscesses. The human body may then react with
a basically appropriate but uncontrollable inflammatory
response which leads to further tissue damage. While
this disease causation theory stresses global disturbances
in the composition of the bowel flora and increased
bacterial translocation, it cannot be excluded that specific
bacteria may be particularly damaging to people who are
genetically susceptible to the development of CD. The
adherent-invasive E. co/ pathovar is perhaps the most likely
candidate in this regard.

REFERENCES

1  Calkins BM. A meta-analysis of the role of smoking in
inflammatory bowel disease. Dig Dis Sci 1989; 34: 1841-1854

2 Cottone M, Rosselli M, Orlando A, Oliva L, Puleo A, Cappello
M, Traina M, Tonelli F, Pagliaro L. Smoking habits and
recurrence in Crohn's disease. Gastroenterology 1994; 106:
643-648

3 Andersson RE, Olaison G, Tysk C, Ekbom A. Appendectomy is
followed by increased risk of Crohn's disease. Gastroenterology
2003; 124: 40-46

4  Geboes K. Appendiceal function and dysfunction: what are
the implications for inflammatory bowel disease? Nat Clin
Pract Gastroenterol Hepatol 2005; 2: 338-339

5 Rigas A, Rigas B, Glassman M, Yen YY, Lan SJ, Petridou
E, Hsieh CC, Trichopoulos D. Breast-feeding and maternal
smoking in the etiology of Crohn's disease and ulcerative

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

colitis in childhood. Ann Epidemiol 1993; 3: 387-392

Reif S, Klein I, Lubin F, Farbstein M, Hallak A, Gilat T. Pre-
illness dietary factors in inflammatory bowel disease. Gut
1997; 40: 754-760

Gent AE, Hellier MD, Grace RH, Swarbrick ET, Coggon D.
Inflammatory bowel disease and domestic hygiene in infancy.
Lancet 1994; 343: 766-767

Tamboli CP, Neut C, Desreumaux P, Colombel JF. Dysbiosis
in inflammatory bowel disease. Gut 2004; 53: 1-4

Van Kruiningen H]J, Joossens M, Vermeire S, Joossens S,
Debeugny S, Gower-Rousseau C, Cortot A, Colombel JF,
Rutgeerts P, Vlietinck R. Environmental factors in familial
Crohn's disease in Belgium. Inflamm Bowel Dis 2005; 11:
360-365

Hugot JP, Alberti C, Berrebi D, Bingen E, Cezard JP. Crohn's
disease: the cold chain hypothesis. Lancet 2003; 362: 2012-2015
Card T, Logan RF, Rodrigues LC, Wheeler JG. Antibiotic use
and the development of Crohn's disease. Gut 2004; 53: 246-250
Demling L. Is Crohn's disease caused by antibiotics?
Hepatogastroenterology 1994; 41: 549-551

Baliellas C, Xiol X, Barenys M, Saavedra J, Casanovas T,
Iborra M, Sese E. Infectious gastroenteritis in relapses of
inflammatory bowel disease. Therapeutic implications. Rev
Esp Enferm Dig 1996; 88: 419-422

Blaser M]J, Hoverson D, Ely IG, Duncan DJ, Wang WL,
Brown WR. Studies of Campylobacter jejuni in patients with
inflammatory bowel disease. Gastroenterology 1984; 86: 33-38
Drake AA, Gilchrist MJ, Washington JA 2nd, Huizenga KA,
Van Scoy RE. Diarrhea due to Campylobacter fetus subspecies
jejuni. A clinical review of 63 cases. Mayo Clin Proc 1981; 56:
414-423

Day DW, Mandal BK, Morson BC. The rectal biopsy
appearances in Salmonella colitis. Histopathology 1978; 2:
117-131

Kumar NB, Nostrant TT, Appelman HD. The histopathologic
spectrum of acute self-limited colitis (acute infectious-type
colitis). Am | Surg Pathol 1982; 6: 523-529

Schofield PF, Mandal BK, Ironside AG. Toxic dilatation of the
colon in salmonella colitis and inflammatory bowel disease. Br
J Surg 1979; 66: 5-8

Rutgeerts P, Geboes K, Ponette E, Coremans G, Vantrappen
G. Acute infective colitis caused by endemic pathogens in
western Europe: endoscopic features. Endoscopy 1982; 14:
212-219

Delchier JC, Constantini D, Soule JC. Presence of anti-Yersinia
pseudotuberculosis agglutinins during a flare-up of ileal
Crohn's disease. Apropos of 3 cases. Gastroenterol Clin Biol
1983; 7: 580-584

Lamps LW, Madhusudhan KT, Havens JM, Greenson JK,
Bronner MP, Chiles MC, Dean PJ, Scott MA. Pathogenic
Yersinia DNA is detected in bowel and mesenteric lymph
nodes from patients with Crohn's disease. Am | Surg Pathol
2003; 27: 220-227

Vantrappen G, Ponette E, Geboes K, Bertrand P. Yersinia
enteritis and enterocolitis: gastroenterological aspects.
Gastroenterology 1977; 72: 220-227

Lamps LW, Madhusudhan KT, Havens JM, Greenson JK,
Bronner MP, Chiles MC, Dean PJ, Scott MA. Pathogenic
Yersinia DNA is detected in bowel and mesenteric lymph
nodes from patients with Crohn's disease. Am | Surg Pathol
2003; 27: 220-227

Orda R, Samra Z, Levy Y, Shperber Y, Scapa E. Chlamydia
trachomatis and inflammatory bowel disease--a coincidence? |
R Soc Med 1990; 83: 15-17

Pulimood AB, Ramakrishna BS, Kurian G, Peter S, Patra S,
Mathan VI, Mathan MM. Endoscopic mucosal biopsies are
useful in distinguishing granulomatous colitis due to Crohn's
disease from tuberculosis. Gut 1999; 45: 537-541

Sevilla Chica F, Villalba Ferrer F, Domingo Del Pozo C,
Laforga Canales J, de La Morena Valenzuela E. Abdominal
actinomycosis simulating Crohn's disease. Gastroenterol Hepatol
2001; 24: 300-302

Korelitz BI. When should we look for amebae in patients

www.wjgnet.com



850 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

February 14, 2008 Volume 14 Number 6

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

with inflammatory bowel disease? ] Clin Gastroenterol 1989; 11:
373-375

Scheurlen C, Kruis W, Spengler U, Weinzierl M, Paumgartner
G, Lamina J. Crohn's disease is frequently complicated by
giardiasis. Scand | Gastroenterol 1988; 23: 833-839

Gebhard RL, Greenberg HB, Singh N, Henry P, Sharp HL,
Kaplan L, Kapikian AZ. Acute viral enteritis and exacerbations
of inflammatory bowel disease. Gastroenterology 1982; 83:
1207-1209

Kaufman HS, Kahn AC, Iacobuzio-Donahue C, Talamini MA,
Lillemoe KD, Hamilton SR. Cytomegaloviral enterocolitis:
clinical associations and outcome. Dis Colon Rectum 1999; 42:
24-30

Clark RM, Frost PG. Fulminating necrotizing amebic colitis
with perforation: case report and review. Can Med Assoc | 1983;
128: 1424-1427

Yoshida EM, Chan NH, Herrick RA, Amar JN, Sestak PM,
Willoughby BC, Whittaker JS. Human immunodeficiency
virus infection, the acquired immunodeficiency syndrome,
and inflammatory bowel disease. | Clin Gastroenterol 1996; 23:
24-28

Greenson JK, Stern RA, Carpenter SL, Barnett JL. The clinical
significance of focal active colitis. Hum Pathol 1997; 28: 729-733
Schumacher G, Kollberg B, Sandstedt B. A prospective study
of first attacks of inflammatory bowel disease and infectious
colitis. Histologic course during the 1st year after presentation.
Scand ] Gastroenterol 1994; 29: 318-332

Laffineur G, Lescut D, Vincent P, Quandalle P, Wurtz
A, Colombel JF. Bacterial translocation in Crohn disease.
Gastroenterol Clin Biol 1992; 16: 777-781

Rutgeerts P, Goboes K, Peeters M, Hiele M, Penninckx F,
Aerts R, Kerremans R, Vantrappen G. Effect of faecal stream
diversion on recurrence of Crohn's disease in the neoterminal
ileum. Lancet 1991; 338: 771-774

D'Haens GR, Geboes K, Peeters M, Baert F, Penninckx
F, Rutgeerts P. Early lesions of recurrent Crohn's disease
caused by infusion of intestinal contents in excluded ileum.
Gastroenterology 1998; 114: 262-267

Rutgeerts P, Hiele M, Geboes K, Peeters M, Penninckx F, Aerts
R, Kerremans R. Controlled trial of metronidazole treatment
for prevention of Crohn's recurrence after ileal resection.
Gastroenterology 1995; 108: 1617-1621

Rutgeerts P, Van Assche G, Vermeire S, D'Haens G, Baert F,
Noman M, Aerden I, De Hertogh G, Geboes K, Hiele M, D'Hoore
A, Penninckx F. Ornidazole for prophylaxis of postoperative
Crohn's disease recurrence: a randomized, double-blind,
placebo-controlled trial. Gastroenterology 2005; 128: 856-861
Bakkevold KE. Nipple valve anastomosis for preventing
recurrence of Crohn disease in the neoterminal ileum
after ileocolic resection. A prospective pilot study. Scand |
Gastroenterol 2000; 35: 293-299

Neut C, Bulois P, Desreumaux P, Membre JM, Lederman
E, Gambiez L, Cortot A, Quandalle P, van Kruiningen H,
Colombel JF. Changes in the bacterial flora of the neoterminal
ileum after ileocolonic resection for Crohn's disease. Am |
Gastroenterol 2002; 97: 939-946

Hugot JP, Chamaillard M, Zouali H, Lesage S, Cezard JP,
Belaiche J, Almer S, Tysk C, O'Morain CA, Gassull M, Binder
V, Finkel Y, Cortot A, Modigliani R, Laurent-Puig P, Gower-
Rousseau C, Macry J, Colombel JF, Sahbatou M, Thomas
G. Association of NOD2 leucine-rich repeat variants with
susceptibility to Crohn's disease. Nature 2001; 411: 599-603
Ogura Y, Bonen DK, Inohara N, Nicolae DL, Chen FF, Ramos
R, Britton H, Moran T, Karaliuskas R, Duerr RH, Achkar JP,
Brant SR, Bayless TM, Kirschner BS, Hanauer SB, Nunez G,
Cho JH. A frameshift mutation in NOD2 associated with
susceptibility to Crohn's disease. Nature 2001; 411: 603-606
Vavricka SR, Musch MW, Chang JE, Nakagawa Y,
Phanvijhitsiri K, Waypa TS, Merlin D, Schneewind O, Chang
EB. hPepT1 transports muramyl dipeptide, activating NF-
kappaB and stimulating IL-8 secretion in human colonic
Caco2/bbe cells. Gastroenterology 2004; 127: 1401-1409

Inohara N, Koseki T, Lin J, del Peso L, Lucas PC, Chen FF,

www.wjgnet.com

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

Ogura Y, Nunez G. An induced proximity model for NF-
kappa B activation in the Nod1/RICK and RIP signaling
pathways. | Biol Chem 2000; 275: 27823-27831

Ayabe T, Satchell DP, Wilson CL, Parks WC, Selsted ME,
Ouellette AJ. Secretion of microbicidal alpha-defensins by
intestinal Paneth cells in response to bacteria. Nat Immunol
2000; 1: 113-118

Ogura Y, Inohara N, Benito A, Chen FF, Yamaoka S, Nunez
G. Nod2, a Nod1/Apaf-1 family member that is restricted to
monocytes and activates NF-kappaB. | Biol Chem 2001; 276:
4812-4818

Lala S, Ogura Y, Osborne C, Hor SY, Bromfield A, Davies
S, Ogunbiyi O, Nunez G, Keshav S. Crohn's disease and the
NOD2 gene: a role for paneth cells. Gastroenterology 2003; 125:
47-57

Wehkamp J, Harder J, Weichenthal M, Schwab M, Schaffeler
E, Schlee M, Herrlinger KR, Stallmach A, Noack F, Fritz P,
Schroder JM, Bevins CL, Fellermann K, Stange EF. NOD2
(CARD15) mutations in Crohn's disease are associated with
diminished mucosal alpha-defensin expression. Gut 2004; 53:
1658-1664

Wehkamp J, Salzman NH, Porter E, Nuding S, Weichenthal
M, Petras RE, Shen B, Schaeffeler E, Schwab M, Linzmeier R,
Feathers RW, Chu H, Lima H Jr, Fellermann K, Ganz T, Stange
EF, Bevins CL. Reduced Paneth cell alpha-defensins in ileal
Crohn's disease. Proc Natl Acad Sci USA 2005; 102: 18129-18134
Chamaillard M, Philpott D, Girardin SE, Zouali H, Lesage
S, Chareyre F, Bui TH, Giovannini M, Zaehringer U, Penard-
Lacronique V, Sansonetti PJ, Hugot JP, Thomas G. Gene-
environment interaction modulated by allelic heterogeneity
in inflammatory diseases. Proc Natl Acad Sci USA 2003; 100:
3455-3460

Girardin SE, Boneca IG, Viala J, Chamaillard M, Labigne
A, Thomas G, Philpott DJ, Sansonetti PJ. Nod2 is a general
sensor of peptidoglycan through muramyl dipeptide (MDP)
detection. ] Biol Chem 2003; 278: 8869-8872

Inohara N, Ogura Y, Fontalba A, Gutierrez O, Pons F, Crespo
J, Fukase K, Inamura S, Kusumoto S, Hashimoto M, Foster SJ,
Moran AP, Fernandez-Luna JL, Nunez G. Host recognition
of bacterial muramyl dipeptide mediated through NOD?2.
Implications for Crohn's disease. | Biol Chem 2003; 278:
5509-5512

Li J, Moran T, Swanson E, Julian C, Harris ], Bonen DK, Hedl
M, Nicolae DL, Abraham C, Cho JH. Regulation of IL-8 and
IL-1beta expression in Crohn's disease associated NOD2/
CARD15 mutations. Hum Mol Genet 2004; 13: 1715-1725

Chen CM, Gong Y, Zhang M, Chen JJ. Reciprocal cross-talk
between Nod2 and TAKT1 signaling pathways. | Biol Chem
2004; 279: 25876-25882

Maeda S, Hsu LC, Liu H, Bankston LA, limura M, Kagnoff
MF, Eckmann L, Karin M. Nod2 mutation in Crohn's disease
potentiates NF-kappaB activity and IL-1beta processing.
Science 2005; 307: 734-738

Netea MG, Kullberg BJ, de Jong D], Franke B, Sprong T,
Naber TH, Drenth JP, Van der Meer JW. NOD2 mediates anti-
inflammatory signals induced by TLR2 ligands: implications
for Crohn's disease. Eur | Immunol 2004; 34: 2052-2059
Watanabe T, Kitani A, Murray PJ, Strober W. NOD2 is a
negative regulator of Toll-like receptor 2-mediated T helper
type 1 responses. Nat Immunol 2004; 5: 800-808

Elson CO, Cong Y, McCracken V], Dimmitt RA, Lorenz RG,
Weaver CT. Experimental models of inflammatory bowel
disease reveal innate, adaptive, and regulatory mechanisms
of host dialogue with the microbiota. Immunol Rev 2005; 206:
260-276

Maggio-Price L, Bielefeldt-Ohmann H, Treuting P, Iritani
BM, Zeng W, Nicks A, Tsang M, Shows D, Morrissey P, Viney
JL. Dual infection with Helicobacter bilis and Helicobacter
hepaticus in p-glycoprotein-deficient mdrla-/- mice results
in colitis that progresses to dysplasia. Am | Pathol 2005; 166:
1793-1806

Waidmann M, Bechtold O, Frick JS, Lehr HA, Schubert S,
Dobrindt U, Loeffler J, Bohn E, Autenrieth IB. Bacteroides



De Hertogh G ef a/. Infectious agents in Crohn’s pathogenesis

851

62

63

64
65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

vulgatus protects against Escherichia coli-induced colitis in
gnotobiotic interleukin-2-deficient mice. Gastroenterology 2003;
125:162-177

Jurjus AR, Khoury NN, Reimund JM. Animal models of
inflammatory bowel disease. ] Pharmacol Toxicol Methods 2004;
50: 81-92

Crohn BB, Ginzburg L, Oppenheimer GD. Regional enteritis:
a pathological and clinical entity. JAMA 1932; 99: 1323-1329
Dalziel TK. Chronic interstitial enteritis. Br Med ] 1913; 2: 1068
Bull TJ, McMinn EJ, Sidi-Boumedine K, Skull A, Durkin D,
Neild P, Rhodes G, Pickup R, Hermon-Taylor ]. Detection and
verification of Mycobacterium avium subsp. paratuberculosis
in fresh ileocolonic mucosal biopsy specimens from
individuals with and without Crohn's disease. | Clin Microbiol
2003; 41: 2915-2923

Naser SA, Ghobrial G, Romero C, Valentine JF. Culture of
Mycobacterium avium subspecies paratuberculosis from
the blood of patients with Crohn's disease. Lancet 2004; 364:
1039-1044

Clarkston WK, Presti ME, Petersen PF, Zachary PE Jr, Fan
WX, Leonardi CL, Vernava AM 3rd, Longo WE, Kreeger JM.
Role of Mycobacterium paratuberculosis in Crohn's disease: a
prospective, controlled study using polymerase chain reaction.
Dis Colon Rectum 1998; 41: 195-199

Kanazawa K, Haga Y, Funakoshi O, Nakajima H, Munakata
A, Yoshida Y. Absence of Mycobacterium paratuberculosis
DNA in intestinal tissues from Crohn's disease by nested
polymerase chain reaction. ] Gastroenterol 1999; 34: 200-206
Autschbach F, Eisold S, Hinz U, Zinser S, Linnebacher M,
Giese T, Loffler T, Buchler MW, Schmidt J. High prevalence
of Mycobacterium avium subspecies paratuberculosis 15900
DNA in gut tissues from individuals with Crohn's disease. Gut
2005; 54: 944-949

Romero C, Hamdi A, Valentine JF, Naser SA. Evaluation
of surgical tissue from patients with Crohn's disease for the
presence of Mycobacterium avium subspecies paratuberculosis
DNA by in situ hybridization and nested polymerase chain
reaction. Inflamm Bowel Dis 2005; 11: 116-125

Grant IR. Mycobacterium paratuberculosis and milk. Acta Vet
Scand 2003; 44: 261-266

Suenaga K, Yokoyama Y, Nishimori I, Sano S, Morita M,
Okazaki K, Onishi S. Serum antibodies to Mycobacterium
paratuberculosis in patients with Crohn's disease. Dig Dis Sci
1999; 44: 1202-1207

Tanaka K, Wilks M, Coates PJ, Farthing MJ, Walker-Smith JA,
Tabaqchali S. Mycobacterium paratuberculosis and Crohn's
disease. Gut 1991; 32: 43-45

Selby W, Pavli P, Crotty B, Florin T, Radford-Smith G, Gibson
P, Mitchell B, Connell W, Read R, Merrett M, Ee H, Hetzel D.
Two-year combination antibiotic therapy with clarithromycin,
rifabutin, and clofazimine for Crohn's disease. Gastroenterology
2007; 132: 2313-2319

Parent K, Mitchell PD. Bacterial variants: etiologic agent in
Crohn's disease? Gastroenterology 1976; 71: 365-368

Burnham WR, Lennard-Jones JE, Stanford JL, Bird RG.
Mycobacteria as a possible cause of inflammatory bowel
disease. Lancet 1978; 2: 693-696

Schuller JL, Piket-van Ulsen ], Veeken 1V, Michel MF, Stolz
E. Antibodies against Chlamydia of lymphogranuloma-
venereum type in Crohn's disease. Lancet 1979; 1: 19-20
Persson S, Danielsson D. On the occurrence of serum
antibodies to Bacteroides fragilis and serogroups of E. coli in
patients with Crohn's disease. Scand | Infect Dis Suppl 1979; 19:
61-67

Liu Y, van Kruiningen HJ, West AB, Cartun RW, Cortot A,
Colombel JF. Immunocytochemical evidence of Listeria,
Escherichia coli, and Streptococcus antigens in Crohn's
disease. Gastroenterology 1995; 108: 1396-1404

Belsheim MR, Darwish RZ, Watson WC, Schieven B. Bacterial
L-form isolation from inflammatory bowel disease patients.
Gastroenterology 1983; 85: 364-369

Darfeuille-Michaud A, Neut C, Barnich N, Lederman E,
Di Martino P, Desreumaux P, Gambiez L, Joly B, Cortot A,

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

Colombel JF. Presence of adherent Escherichia coli strains in
ileal mucosa of patients with Crohn's disease. Gastroenterology
1998; 115: 1405-1413

Darfeuille-Michaud A, Boudeau ], Bulois P, Neut C, Glasser
AL, Barnich N, Bringer MA, Swidsinski A, Beaugerie
L, Colombel JF. High prevalence of adherent-invasive
Escherichia coli associated with ileal mucosa in Crohn's
disease. Gastroenterology 2004; 127: 412-421

Bringer MA, Glasser AL, Tung CH, Meresse S, Darfeuille-
Michaud A. The Crohn's disease-associated adherent-
invasive Escherichia coli strain LF82 replicates in mature
phagolysosomes within J774 macrophages. Cell Microbiol 2006;
8:471-484

Kotlowski R, Bernstein CN, Sepehri S, Krause DO. High
prevalence of Escherichia coli belonging to the B2+D
phylogenetic group in inflammatory bowel disease. Gut 2007;
56: 669-675

Ambrose NS, Johnson M, Burdon DW, Keighley MR.
Incidence of pathogenic bacteria from mesenteric lymph nodes
and ileal serosa during Crohn's disease surgery. Br | Surg 1984;
71: 623-625

Takesue Y, Ohge H, Uemura K, Imamura Y, Murakami Y,
Yokoyama T, Kakehashi M, Sueda T. Bacterial translocation in
patients with Crohn's disease undergoing surgery. Dis Colon
Rectum 2002; 45: 1665-1671

Mai V, Morris JG Jr. Colonic bacterial flora: changing
understandings in the molecular age. / Nutr 2004; 134: 459-464
Guarner F, Malagelada JR. Gut flora in health and disease.
Lancet 2003; 361: 512-519

Zoetendal EG, Collier CT, Koike S, Mackie RI, Gaskins
HR. Molecular ecological analysis of the gastrointestinal
microbiota: a review. | Nutr 2004; 134: 465-472

Marteau P, Lepage P, Mangin I, Suau A, Dore ], Pochart P,
Seksik P. Review article: gut flora and inflammatory bowel
disease. Aliment Pharmacol Ther 2004; 20 Suppl 4: 18-23
Wensinck F. Proceedings: The faecal flora of patients with
Crohn's disease. Antonie Van Leeuwenhoek 1975; 41: 214-215
Keighley MR, Arabi Y, Dimock F, Burdon DW, Allan RN,
Alexander-Williams J. Influence of inflammatory bowel
disease on intestinal microflora. Gut 1978; 19: 1099-1104
Ruseler-van Embden JG, Both-Patoir HC. Anaerobic gram-
negative faecal flora in patients with Crohn's disease and
healthy subjects. Antonie Van Leeuwenhoek 1983; 49: 125-132
Seksik P, Rigottier-Gois L, Gramet G, Sutren M, Pochart P,
Marteau P, Jian R, Dore J. Alterations of the dominant faecal
bacterial groups in patients with Crohn's disease of the colon.
Gut 2003; 52: 237-242

Mangin I, Bonnet R, Seksik P, Rigottier-Gois L, Sutren M,
Bouhnik Y, Neut C, Collins MD, Colombel JF, Marteau P, Doré
J. Molecular inventory of faecal microflora in patients with
Crohn’s disease. FEMS Microbiol Ecol 2004; 50: 25-36
Manichanh C, Rigottier-Gois L, Bonnaud E, Gloux K, Pelletier
E, Frangeul L, Nalin R, Jarrin C, Chardon P, Marteau P, Roca
J, Dore J. Reduced diversity of faecal microbiota in Crohn's
disease revealed by a metagenomic approach. Gut 2006; 55:
205-211

Sokol H, Seksik P, Rigottier-Gois L, Lay C, Lepage P,
Podglajen I, Marteau P, Dore J. Specificities of the fecal
microbiota in inflammatory bowel disease. Inflamm Bowel Dis
2006; 12: 106-111

Gorbach SL, Nahas L, Plaut AG, Weinstein L, Patterson JF,
Levitan R. Studies of intestinal microflora. V. Fecal microbial
ecology in ulcerative colitis and regional enteritis: relationship
to severity of disease and chemotherapy. Gastroenterology 1968;
54: 575-587

Wensinck F, Custers-van Lieshout, Poppelaars-Kustermans
PA, Schroder AM. The faecal flora of patients with Crohn's
disease. | Hyg (Lond) 1981; 87: 1-12

Hazenberg MP, Bakker M, Both-Patoir HC, Ruseler-van
Embden JG, Schroder AM. Effect of sulphasalazine on the
human intestinal flora. ] Appl Bacteriol 1982; 52: 103-107

Van de Merwe JP, Schroder AM, Wensinck F, Hazenberg MP.
The obligate anaerobic faecal flora of patients with Crohn's

www.wjgnet.com



852

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

February 14, 2008 Volume 14 Number 6

102

103

104

105

106

107

108

109

110

111

112

113

114

115

disease and their first-degree relatives. Scand | Gastroenterol
1988; 23: 1125-1131

Scanlan PD, Shanahan F, O'Mahony C, Marchesi JR. Culture-
independent analyses of temporal variation of the dominant
fecal microbiota and targeted bacterial subgroups in Crohn's
disease. | Clin Microbiol 2006; 44: 3980-3988

Giaffer MH, Holdsworth CD, Duerden BI. The assessment of
faecal flora in patients with inflammatory bowel disease by a
simplified bacteriological technique. | Med Microbiol 1991; 35:
238-243

Favier C, Neut C, Mizon C, Cortot A, Colombel JF, Mizon ]J.
Fecal beta-D-galactosidase production and Bifidobacteria are
decreased in Crohn's disease. Dig Dis Sci 1997; 42: 817-822
Peach S, Lock MR, Katz D, Todd IP, Tabaqchali S. Mucosal-
associated bacterial flora of the intestine in patients with
Crohn's disease and in a control group. Gut 1978; 19: 1034-1042
Schultsz C, Van Den Berg FM, Ten Kate FW, Tytgat GN,
Dankert J. The intestinal mucus layer from patients with
inflammatory bowel disease harbors high numbers of bacteria
compared with controls. Gastroenterology 1999; 117: 1089-1097
Swidsinski A, Ladhoff A, Pernthaler A, Swidsinski S,
Loening-Baucke V, Ortner M, Weber J, Hoffmann U, Schreiber
S, Dietel M, Lochs H. Mucosal flora in inflammatory bowel
disease. Gastroenterology 2002; 122: 44-54

Ott SJ, Musfeldt M, Wenderoth DF, Hampe ], Brant O, Folsch
UR, Timmis KN, Schreiber S. Reduction in diversity of the
colonic mucosa associated bacterial microflora in patients with
active inflammatory bowel disease. Gut 2004; 53: 685-693
Lepage P, Seksik P, Sutren M, de la Cochetiere MF, Jian R,
Marteau P, Dore J. Biodiversity of the mucosa-associated
microbiota is stable along the distal digestive tract in healthy
individuals and patients with IBD. Inflamm Bowel Dis 2005; 11:
473-480

Swidsinski A, Weber J, Loening-Baucke V, Hale LP, Lochs
H. Spatial organization and composition of the mucosal flora
in patients with inflammatory bowel disease. ] Clin Microbiol
2005; 43: 3380-3389

Conte MP, Schippa S, Zamboni I, Penta M, Chiarini F,
Seganti L, Osborn ], Falconieri P, Borrelli O, Cucchiara S. Gut-
associated bacterial microbiota in paediatric patients with
inflammatory bowel disease. Gut 2006; 55: 1760-1767

Gophna U, Sommerfeld K, Gophna S, Doolittle WF, Veldhuyzen
van Zanten SJ. Differences between tissue-associated intestinal
microfloras of patients with Crohn's disease and ulcerative
colitis. | Clin Microbiol 2006; 44: 4136-4141

Prindiville T, Cantrell M, Wilson KH. Ribosomal DNA
sequence analysis of mucosa-associated bacteria in Crohn's
disease. Inflamm Bowel Dis 2004; 10: 824-833

Bourlioux P, Koletzko B, Guarner F, Braesco V. The intestine
and its microflora are partners for the protection of the host:
report on the Danone Symposium "The Intelligent Intestine,"
held in Paris, June 14, 2002. Am ] Clin Nutr 2003; 78: 675-683
Balfour Sartor R. Bacteria in Crohn's disease: mechanisms of

www.wjgnet.com

116

117

118

119

120

121

122

123

124

125

126

127

128

inflammation and therapeutic implications. ] Clin Gastroenterol
2007; 41: S37-543

Gionchetti P, Rizzello F, Lammers KM, Morselli C, Sollazzi L,
Davies S, Tambasco R, Calabrese C, Campieri M. Antibiotics
and probiotics in treatment of inflammatory bowel disease.
World | Gastroenterol 2006; 12: 3306-3313

Blichfeldt P, Blomhoff JP, Myhre E, Gjone E. Metronidazole in
Crohn's disease. A double blind cross-over clinical trial. Scand
J Gastroenterol 1978; 13: 123-127

Ursing B, Alm T, Bergny F, Bergelin I, Ganrot-Norlin K,
Hoevels J, Huitfeldt B, Jarnerot G, Krause U, Krook A,
Lindstrom B, Nordle O, Rosen A. A comparative study of
metronidazole and sulfasalazine for active Crohn's disease:
the cooperative Crohn's disease study in Sweden. II. Result.
Gastroenterology 1982; 83: 550-562

Ambrose NS, Allan RN, Keighley MR, Burdon DW, Youngs D,
Barnes P, Lennard-Jones JE. Antibiotic therapy for treatment
in relapse of intestinal Crohn's disease. A prospective
randomized study. Dis Colon Rectum 1985; 28: 81-85
Sutherland L, Singleton ], Sessions ], Hanauer S, Krawitt E,
Rankin G, Summers R, Mekhjian H, Greenberger N, Kelly
M. Double blind, placebo controlled trial of metronidazole in
Crohn's disease. Gut 1991; 32: 1071-1075

Colombel JF, Lemann M, Cassagnou M, Bouhnik Y, Duclos
B, Dupas JL, Notteghem B, Mary JY. A controlled trial
comparing ciprofloxacin with mesalazine for the treatment
of active Crohn's disease. Groupe d'Etudes Therapeutiques
des Affections Inflammatoires Digestives (GETAID). Am |
Gastroenterol 1999; 94: 674-678

Arnold GL, Beaves MR, Pryjdun VO, Mook W]. Preliminary
study of ciprofloxacin in active Crohn's disease. Inflamm Bowel
Dis 2002; 8: 10-15

Prantera C, Zannoni F, Scribano ML, Berto E, Andreoli A, Kohn A,
Luzi C. An antibiotic regimen for the treatment of active Crohn's
disease: a randomized, controlled clinical trial of metronidazole
plus ciprofloxacin. Am | Gastroenterol 1996; 91: 328-332
Steinhart AH, Feagan BG, Wong CJ, Vandervoort M,
Mikolainis S, Croitoru K, Seidman E, Leddin DJ, Bitton A,
Drouin E, Cohen A, Greenberg GR. Combined budesonide and
antibiotic therapy for active Crohn's disease: a randomized
controlled trial. Gastroenterology 2002; 123: 33-40

Schwartz DA, Pemberton JH, Sandborn WJ. Diagnosis and
treatment of perianal fistulas in Crohn disease. Ann Intern Med
2001; 135: 906-918

Shafran I, Johnson LK. An open-label evaluation of rifaximin
in the treatment of active Crohn's disease. Curr Med Res Opin
2005; 21: 1165-1169

Leiper K, Morris AI, Rhodes JM. Open label trial of oral
clarithromycin in active Crohn's disease. Aliment Pharmacol
Ther 2000; 14: 801-806

Rolfe VE, Fortun PJ, Hawkey CJ, Bath-Hextall F. Probiotics
for maintenance of remission in Crohn's disease. Cochrane
Database Syst Rev 2006, CD004826

S- Editor Sun YL L- Editor Alpini GD E- Editor Ma WH



