W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v20.i29.9665

World | Gastroenterol 2014 August 7; 20(29): 9665-9674
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT

WJG 20" Anniversary Special Issues (3): Inflammatory bowel disease
Relationship between pouch microbiota and pouchitis
following restorative proctocolectomy for ulcerative colitis

Imerio Angriman, Marco Scarpa, Ignazio Castagliuolo

Imerio Angriman, Department of Surgery, Gastroenterology and
Oncology, University of Padova, 35128 Padova, Italy

Marco Scarpa, Surgical Oncology Unit, Veneto Institute of On-
cology (IOV-IRCCS), 35128 Padova, Italy

Ignazio Castagliuolo, Department of Molecular Medicine, Uni-
versity of Padova, 35128 Padova, Italy

Author contributions: All of the authors were equally involved
in data collection.

Correspondence to: Imerio Angriman, MD, Department of
Surgery, Gastroenterology and Oncology, University of Padova,
Via Giustiniani 2, 35128 Padova,

Italy. imerio.angriman@unipd.it

Telephone: +39-49-8217897  Fax: +39-49-8212689
Received: September 29, 2013 Revised: April 6, 2014
Accepted: April 30,2014

Published online: August 7, 2014

Abstract

Restorative proctocolectomy with ileal pouch-anal anas-
tomosis (IPAA) has become the surgical treatment of
choice for many patients with medically refractory ul-
cerative colitis (UC) and familial adenomatous polyposis
(FAP). UC patients with IPAA (UC-IPAA) are, neverthe-
less, susceptible to inflammatory and noninflamma-
tory sequelae such as pouchitis, which is only rarely
noted in FAP patients with IPAA. Pouchitis is the most
frequent long-term complication of UC-IPAA patients,
with a cumulative prevalence of up to 50%. Although
the aetiology of pouchitis remains unclear, accumulat-
ing evidence suggests that a dysbiosis of the pouch
microbiota and an abnormal mucosal immune response
are implicated in its pathogenesis. Studies using culture
and molecular techniques have detected a dysbiosis of
the pouch microbiota in patients with pouchitis. Risk
factors, genetic associations, and serological markers
suggest that interactions between the host immune re-
sponse and the pouch microbiota underlie the aetiology
of this idiopathic inflammatory condition. This system-
atic review focuses on the dysbiosis of the microbiota

Baishidenge ~ WJG | www.wjgnet.com

that inhabit the pouch in UC and FAP patients and its
interaction with the mucosal immune system. A meta-
analysis was not attempted due to the highly heteroge-
neous microbiota composition and the different detec-
tion methods used by the various studies. Although no
specific bacterial species, genus, or family has as yet
been identified as pathogenic, there is evidence that
a dysbiosis characterized by decreased gut microbiota
diversity in UC-IPAA patients may, in genetically pre-
disposed subjects, lead to aberrant mucosal immune
regulation triggering an inflammatory process.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This is a systemic review assessing the rela-
tionship between the microbiota that inhabit the ileal-
anal pouch following restorative proctocolectomy in
ulcerative colitis and familial adenomatous polyposis
patients and the inflammatory response that can oc-
cur. A meta-analysis was not attempted in view of the
highly heterogeneous microbiota composition and the
different detection methods utilized. Although no spe-
cific bacterial species, genus, or family has as yet been
identified as pathogenic, there is evidence that dys-
biosis and reduced bacterial diversity of the microbiota
found in ulcerative colitis patients who have undergone
restorative proctocolectomy may, in genetically pre-
disposed subjects, lead to aberrant mucosal immune
regulation triggering an inflammatory process.

Angriman I, Scarpa M, Castagliuolo 1. Relationship between
pouch microbiota and pouchitis following restorative procto-
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INTRODUCTION

About 20%-25% of patients with ulcerative colitis (UC)
requite a colectomy at some point in their lives, and in

most cases the operative surgical procedure chosen is a
restorative proctocolectomy (RPC) with ileal pouch-anal
anastomosis (IPAA)"?, Diseased colonic/rectal tissue is
removed during the procedure, and transanal fecal conti-
nence is maintained by creating an ileal pouch. Although
effective, inflammation of the ileal pouch (pouchitis) is a
common complication, with almost 50% of patients ex-
periencing an acute episode within 5 years and about 5%
of those going on to develop chronic inflammation',
The cumulative incidence of pouchitis in patients who
undergo an IPAA for familial adenomatous polyposis
(FAP) is much lower, ranging from 0% to 10%"“!, Rea-
sons for the higher frequency of pouchitis in UC remain
unknown.

Common clinical symptoms in patients with pouchitis
include increased bowel movements, abdominal pain/
cramping, urgency, incontinence, generalized fatigue/mal-
aise, fever, and, occasionally, bloody stools. The diagnosis
of pouchitis is based on assorted clinical, endoscopic,
and histologic findings, including endoscopic and micro-
scopic evidence of inflammation of the ileal pouch!”.
In the absence of evident signs of inflammation of the
terminal ileum, fecal lactoferrin, or calprotectin (mucosal
inflammation markers) can help to distinguish pouchitis
from irritable pouch syndrome!™. Once diagnosed, dis-
ease activity can be quantified using the pouchitis disease
activity index (PDAI), which takes into consideration
clinical findings, histology, and laboratory parameters'”.

Histological features of pouchitis can also be non-
specific, including acute inflammation with polymot-
phonuclear leukocyte infiltration, crypt abscesses, and
ulceration in association with a chronic inflammatory
infiltrate™"), A discrepancy between endoscopic and his-
tologic findings, possibly linked to sampling errors, has
been noted in patients with pouchitis' "', Morphological
alterations of the epithelium lining the ileal pouch, char-
acterized by flattening and a reduced number or complete
disappearance of the villi leading to villous atrophy (co-
lonic metaplasia), normally develop within 12-18 mo after
ileostomy closure!™'?. Although a causal association has
not been proven, once colonic metaplasia has developed
in the pouch, pouchitis may occur”

In accordance with Mahadevan and Sandborn’s defi-
nition, the pattern of pouchitis is classified as infrequent
(1 or 2 acute episodes), relapsing (3 acute episodes), or
continuous. Recurrent pouchitis is defined, according to
this classification, as telapsing (more than two episodes)
or chronic™, Chronic pouchitis is usually refractory to
medical therapy and/or requires maintenance therapy,
and may lead to pouch excision and permanent terminal
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ileostornym]. Risk factors linked to pouchitis include ex-
tensive UC™'", backwash ileitis"", extraintestinal mani-
festations, chiefly primary sclerosing cholangitis“s’m,
being a non-smoker, and regular use of nonsteroidal anti-
inflammatory drugs"*"”.

Genetic polymorphisms in interleukin-1 receptor an-
tagonist (IL-1Ra) or the presence of perinuclear neutro-
phil cytoplasmic antibodies™ have also been associated
with pouchitis. Although definitive proof is still lack-
ingm, indirect evidence from clinical practice supports
the hypothesis that the pouch microbiota (z.e., a microbial
imbalance) plays an important role in the pathogenesis
of pouchitis[zz’z‘ﬂ. It has been seen, in fact, that mucosal
inflammation is localized in the area of the gut character-
ized by the highest bacterial concentrations” and is lim-
ited to the mucosal surface™. Short-term, oral antibiotic
therapy (i.e., metronidazole or ciproﬂoxacin)“’%] has been
reported to be an effective treatment for both pouchitis
and pre-pouch ileitis in up to 87.5% of patients[27’28‘. Pro-
biotics have also been shown to reduce disease relapse
and the risk of disease onset™. Findings on risk fac-
tors, genetic associations, and the serological markers of
pouchitis all seem to point to the conclusion that host
immune responses and pouch microbiota interactions

trigger this idiopathic inflammatory condition®”.

SEARCH STRATEGY

Inclusion and exclusion criteria

Studies focusing on the analysis of the gut microbiota
following IPAA in patients with UC or FAP were eligible
for inclusion. Studies examining pouch disease were also
included, with microbiota analysis being carried out in
at least 10 patients. Studies or case reports dealing exclu-
sively with operative or postoperative management or
referring to fewer than 10 patients following IPAA were
excluded. Studies reporting on partial analysis of the
microbiota or on patients with anastomosis for Crohn’s
disease (CD) were also excluded. Only studies providing
information on analysis of the entire bacterial microbiota
were included. Whenever publications reporting on over-
lapping patient data were being considered, only the most
complete and recent set of data were included.

Search strategy

With the assistance of a clinical librarian, two tesearch-
ers (Angriman I and Scarpa M) consulted Medline, the
Embase Medical Database, the Cochrane Database of
Systematic Reviews, and the Cochrane Central Register
of Controlled Trials (CENTRAL) for studies concerning
ileal pouches carried out between January 1978 (publica-
tion date of the first manuscripts on RPC) and Octo-
ber 2013. The keywords and Medical Subject Headings
(MeSH) used were “pouchitis OR chronic pouchitis OR
acute pouchitis OR inflammation of the ileal pouch AND
microbiota OR bacteria OR microbiome”. Only clini-
cal studies in English, Dutch, Spanish, German, French,
and/or Italian were considered. A manual cross-reference
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Combined search results of 3 databases: 234 publications

} 202 considered not relevant based on title ‘

‘ 32 publications selected on title ‘

‘ 20 considered not relevant based on abstract ‘

‘ 12 publications selected on abstract ‘

6 excluded because of:

Comparing FAP and UC

Analysis before and after therapy
Only study of bacterial imbalance
Analysis of microbiota only from stools

6 full-text articles eligible

Figure 1 Flow diagram of literature review, eligibility determination, and inclusion in the systematic review and meta-analysis. FAP: Familial adenomatous

polyposis; UC: Ulcerative colitis.

search for qualified papers was also carried out to identify
additional relevant articles, and the resulting studies that
were compatible with the inclusion criteria were evaluated
independently. Unpublished data or findings published
in abstracts were not taken into consideration. A negoti-
ated agreement was reached between the two researchers
whenever there was discordance regarding study inclusion.

Data extraction

Only data from original articles were extracted using a
preformatted sheet with spaces for the following parame-
ters: demographic data, pouchitis symptoms, presence of
GI bleeding, frequency of bowel movements, abdominal
pain, PDAI score, and endoscopic and histological diag-
noses (Figure 1).

STATISTICS

Review Manager 4.2 software (The Cochrane Collabora-
tion, Copenhagen: The Nordic Cochrane Centre, 2003)
was used for all statistical analyses. A meta-analysis was
not attempted due to the highly heterogeneous microbio-
ta composition and the different detection methods used.

POUCH BACTERIOLOGY AND POUCHITIS

The composition of the bacterial microbiota in the tet-
minal ileum differs significantly from that found in the
colon”", and there are likewise significant differences
in the microbial composition of the luminal and mucosal
compartments of the gutm]. Moreovet, it is known that
the gut microbiota profoundly influences the intestinal
mucosa and gut-associated lymphoid tissuel. Although
the microbiota that colonizes the mucosal surface usually
exercises beneficial trophic, immunomodulatory, and an-
ti-inflammatory effects, an “imbalanced” microbiota can
damage the mucosa by producing toxins or triggering ab-
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normal immune responses”™. Alterations in the intestinal
mucosal-associated microbiota have, in fact, been linked
to the pathogenesis of several gastrointestinal inflamma-
tory disorders.

Many of the studies concerning the microbiota after
IPAA that were carried out prior to the formulation of
PDAI in 1994 show inconsistencies in their definition
and diagnosis criteria, as well as in the distinction between
acute and chronic pouchitis”. In addition, the majority of
studies focusing on the pouch microbiota also used cul-
ture methods, despite 60%-80% of gut bacterial species
being unculturable®”. Variability in the use of fecal or
mucosal samples further contributed to the discrepancies
in findings noted in many of these studies.

It is well-established that, within the first year after
ileostomy closure, the overall composition of microbiota
shows similarities with that of the colon™”. A number
of studies using fecal cultures to evaluate the microbiota
of pouches in UC and FAP patients™*!! produced con-
flicting results with regard to the ratio of anaerobic bacte-
ria to aerobic bacteria, total bacterial counts, and sulfate-
reducing bacteria™ in the pouchitis and in non-pouchitis
patients. The high grade of vatiability in these kinds of
studies may be due to the daily vatiability of stool com-
position in relation to diet. Moreover, the high frequency
of bowel movement in IPAA patients may enhance this
variability.

The mucosal-adherent microbiota, which is in close
contact with the gut mucosa, has recently been shown™"*”
to be distinct from the luminal and fecal ones, which are
made up of free-living or particle-attached cells. The dif-
ferences in community structure are probably linked to a
number of factors, such as differential substrate availabil-
ity (mucus »s undigested dietary residues), oxygen levels,
and host-microbe interactions. In particular, mucosa ad-
herent microbiota may be influenced by drugs. The close
proximity of the mucosal-adherent microbiota to the
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gut epithelium suggests that these bacteria may be more
relevant than the luminal microbiota in the pathogenesis
of inflammatory bowel disease (IBD), since they, as well
as their excreted products, probably have direct contact

with the host"””
environment their populations are more protect, and thus

. Moreover, since they live in a mucous

more constant.

The ideal microbiota analysis probably would examine
both the fecal and mucosal-adherent microbiota. In fact,
fecal microbiota may give a rough but more complete
idea of whole bowel microbiota, while mucosa adherent
bacteria directly cross-talk with the host and are more
likely to be involved in the pathogenesis of pouchitis.

Knowledge about the complexity and diversity of the
gut microbiota underwent a radical revision when 168
rRNA techniques were introduced”"™, with 168 rRNA
gene sequencing results representing gene copy number
rather than true bacterial counts. Possibly biased by dif-
ferential DNA extraction and PCR amplification rates,
the methodology represents, nevertheless, the best avail-
able option, and is considered the “gold standard” for the
analysis of gut-associated complex microbial communi-
ties". Some studies used molecular techniques to show
that microbiota that inhabit the ileal-anal pouch differ
from that of the normal large intestine. UC pouches with
or without pouchitis appear to harbor particularly more
unusual microbes. Proteobacteria, which normally ac-
count for only a small proportion of the microbiota in
the healthy colon”"! and were found to make up 20% in
IBD patients™, comprised up to 90% (median = 66.6%)
in UC-IPAA patients in one study™. That same study
also showed lower than normal proportions of Bacfe-
roidetes, Lachnospiraceae and Ruminococcaceae. A comparison
of the two study cohorts revealed that the UC-IPAA
patients had increased proportions of the phylum Proteo-
bacteria and decreased levels of Bacteroidetes with respect to
the FAP-IPAA patients.

Consistent with a reduced bacterial diversity observed
in both CD" and UC*"* another study demonstrated
that there is a significantly lower bacterial diversity in UC-
IPAA patients, with or without pouchitis, with respect
to FAP-TPAA patients™. However, only minor compo-
sitional differences were detected in the microbiota of
UC patients with active pouchitis with respect to those
with no disease history. The authors of that study hy-
pothesized that dysbiosis predisposes UC patients to
pouchitis either by increasing the likelihood of immune
system stimulation or by reducing microbiota diversity,
which may itself be sufficient to stimulate the immune
system, leading to mucosal inflammation. The observa-
tion that VSL#3 administration increases bacterial diver-
sity and thus reduces relapse risk™ supports the second
hypothesis. Zella ez al™ demonstrated that the microbial
environment in the pouches of UC-associated, healthy
UC and FAP patients is distinctly different. Using 168
ribosomal gene-based Terminal Restriction Fragment
Length Polymorphism (TRFLP) data, those investiga-
tors identified significant differences in fecal and mucosal
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bacterial communities in the three patient cohorts. Broad
differences in TRFLP profiles were further analyzed us-
ing DNA sequencing, which revealed multiple significant
variations in specific bacterial genera in the pooled fecal
bacterial DNA samples in the UC and FAP groups.

Tannock ¢ /" demonstrated that bacteria uncom-
monly present in the stools of humans in general and in
FAP patients in particular comprised about 50% of the
microbiota of patients with pouchitis when antibiotic-
treated (CP-off = asymptomatic), and that antibiotic treat-
ment reduced the proportion of the unknown bacteria in
their feces. Chronic or recurrent pouchitis was therefore
found to be associated with microbiota containing bac-
teria not commonly associated with human feces or FAP
pouches. The uncommon bacteria constituting a large
proportion of the CP-off but not of the untreated CP-
on (symptomatic) microbiota were found to be members
of the Canulobacteraceae, Sphingomonadaceae, Comamonadaceae,
Peprostreptococcaceae and Clostridiaceae. At least some of
these groups could theoretically be linked to the patho-
genesis of pouchitis. The investigators also noted a wide
diversity in the clostridial operational taxonomic units in
the CP-off microbiota, presumably denoting particularly
favorable conditions in the pouch for the expansion of
clostridial populations. The authors concluded that C.
perfringens may play a role in the etiology of pouchitis in
some patients.

Although it is not clear if reduced biodiversity causes,
perpetuates, or is a result of IBD, other studies have also
demonstrated a quantitative and qualitative (biodiversity)
reduction in the representation of the Firmicutes phylum,
particularly clostridial cluster IV members, in the feces of
CD patients. This phylogenetic group contains several
butyrate-producing bacteria, such as Faecalibacterinm prans-
nitzii (F. prausnitzid). Butyrate and other short chain fatty
acids are considered important energy sources for colonic
epithelial cells, have anti-inflammatory properties, and
improve the intestinal barrier function of epithelial cells.
A reduction in butyrate-producing bacteria in the colon
or pouch might then have an overall detrimental effect
on the gut mucosa” . Indeed, although F. prausnitzii
was not detected in chronic pouchitis stool microbiota,
low levels were found in FAP and normal pouch feces.
Members of the Lachnospiraceae, some of which produce
butyric acid, were depleted in chronic pouchitis micro-
biota in FAP and normal pouches (average 33.61% and
21.86%), respectively). The authors reported that normal
and FAP pouches showed similar proportions of Lachno-
spiraceae and clostridial cluster IV, indicating that measures
of these bacterial groups in the microbiota could be use-
ful biomarkers of pouch health.

In a recent study, we reported that the Enterobacteria-
ceae, Streptococcaceae, Enterococcaceae, and Bacteroidaceae
were the most frequent strains of cultivable bacteria
adherent to the pouch mucosa, while Lachnospiraceae, Fu-
sobacteiaceae, Veillonella, Staphylococcaceae, Bifidobacteriacea,
Eunbacteriaceae, Bacillaceae, Moraxellaceae, Burkholderiaceae and
Corynebacteriaceae were the least frequent ones. Although
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their incidence in the pouch mucosa was similar in the
chronic pouchitis and normal pouch groups, we detected
a significantly higher incidence of Clostridiaceae spp. in the
chronic/recurrent pouchitis group compared to that of
the normal pouch. The presence of Clostridiaceae spp. was
found to be an independent predictor of chronic/relaps-
ing pouchitisl57J at multiple logistic regression analysis.
In another study, we found that patients with a clinical
diagnosis of pouchitis had a significantly reduced level
of Enterococcaceae spp. (including bacteria strictly adherent
to the pouch mucosa and in the pouch mucous) #s those
without a clinical diagnosis. Total Enterobacteriaceae spp.
and Streptococcaceae spp. counts in the mucosa were also de-
creased in patients with clinical pouchitis compared with
patients with “healthy” pouches. Our findings indicate
that Bacteroidaceae spp. and Clostridiaceae spp. are more fre-
quently associated with microscopic inflammation of the
pouch mucosa and may therefore play a pathogenic role
in pouchitis. Enterococcaceae spp., as well as possibly Entero-
bacteriaceae spp. and Streptococcaceae spp., may instead play
an active role in maintaining immunologic homeostasis
within the pouch mucosa, with low levels feasibly favor-
ing the development of pouchitislssj.

Zella et al™ similarly noted an overall increase in fecal
Clostridinm spp. in UC-associated pouchitis with respect
to that in FAP patients. They also noted a reduction in
Bacteroides spp. in the inflamed pouch with respect to FAP
pouches, confirming that a mucosal and luminal dysbiosis
exists in pouchitis not only when compared to the healthy
UC pouch but also to a non-IBD one.

The overall decrease in the Bacteroidetes phylum
in the inflamed pouch is consistent with several studies
that included data on the molecular analysis of intestinal
microbiota in both CD and UC*"", In line with previ-
ous reports, those studies also found that healthy UC
pouches differed significantly from FAP ones, leading to
the hypothesis that an alteration in the ileal pouch micro-
biota may be exclusive to the UC disease state, with or
without inflammation. In particular, since Bacteroidetes
may play a key role in maintaining gut health, a relative
reduction in this population may favor inflammation'.
In addition, those authors found a significant increase in
clostridia, namely among the Clostridium, Lachnospiraceae,
and Roseburia genera, in the inflamed pouch. Roseburia
are flagellated commensal inhabitants of the colon. Fla-
gellin has been shown to induce proinflammatory gene
expression by activating toll-like receptor 5 (TLR5); sub-
jects with TLR5 polymorphisms and low levels of anti-
flagellin antibodies may be protected from developing
CD. Present in 50% of CD and 6% of UC patients, high
levels of anti-flagellin antibodies, specifically anti-CBirl
antibodies to flagellin of Clostridium spp., may be associ-
ated with the development of pouchitis®*?, Additionally,
the mucin-degrading Akkermansia genus of the Verru-
comicrobia phylum was significantly more prevalent in
pouchitis. There are several theories regarding the role of
mucin in protecting the intestinal epithelium in IBD, with
mutations, alterations, and degradation of mucins being
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associated with CD and UC™*,

In conclusion, studies using molecular techniques to
analyze the microbiota have confirmed that there is dys-
biosis of the pouches of UC-IPAA patients; there are,
however, conflicting results with regard to differences in
the abundance of particular species and phylotypes as-
sociated with pouchitis and in the degree of community
diversity of the pouch microbiota (Table 1). As dysbiosis
of the gut microbiota could be a pathogenic prerequisite
for the idiopathic development of gut inflammation, this
would explain the higher frequency of pouchitis in UC-
IPAA with respect to FAP-IPAA patients. Although dys-
biosis is found in the UC pouch, it may not be the single
cause leading to inflammation, but rather a predisposing
factor.

POUCH IMMUNE RESPONSES TO
BACTERIA

While some investigations have failed to identify a specif-

ic microbe as a causative agentm], others have stated that
they believe sulfate-reducing bacteria, such as Clostridiaceae
spp., Enterobacteriaceae spp. and Bacteroidaceae spp., might
be implicated in the pathogenesis of pouchitiswm. Our
group recently observed that Clostridiaceae spp. adherent
to pouch mucosa are associated with chronic/relapsing
pouchitis while Enterococcaceae spp. and possibly Entero-
bacteriaceae spp. and Streptococcaceae spp. may play a role in
maintaining immunologic homeostasis within the pouch
mucosa, with low levels of these bacteria favoring the
development of acute pouchitism’%l‘ Deregulated muco-
sal cell immunity toward the microbiota also seems to be
implicated in the pathogenesis of pouchitis. Epithelial
and immune cells within the intestinal mucosa recognize
conserved microbial structures, known as pathogen-
associated molecular patterns (PAMPs), through mem-
brane-bound and cytoplasmic receptors [so-called pattern
recognition receptors (PRRs)], which, when activated,
trigger intracellular signaling pathways to elicit a variety
of stereotyped (so-called innate) immune responsesm.
Fragments of bacterial peptidoglycan (the main
component of the bacterial cell wall) can, for example,
serve as PAMPs that bind to the PRR toll-like receptor 2
(TLR2), while bacterial lipopolysaccharides (LPS; found
in the outer membrane of gram-negative bacteria) can
serve as PAMPs that bind to TLR4. Binding of these
conserved bacterial structures to TLRs triggers a number
of intracellular signaling cascades which, through NF-xB
and protein kinase activation, lead to the transcription of
a seties of genesm. In macrophages this activation results
in the expression of several pro-inflammatory cytokines
[including interleukin (IL)-1f, tumor-necrosis factor
(ITNF)-a, and IL-6], chemokines, adhesion molecules,
leukotrienes, nitric oxide, and production of reactive
oxygen species, while in dendritic cells it enhances major
histocompatibility complex class II and co-stimulatory
molecule expression favoring subsequent antigen-spe-

cific, T-helper cell activation'*”. Microbiota associated
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CONCLUSION

Accumulating experimental evidence indicates that dys-
biosis of the ileal-anal pouch microbiota and deregulation
of the mucosal immune system play an important role in
the pathogenesis of pouchitis. While its diversity was re-
duced, only minor compositional differences wete found
in the microbiota of UC patients with active pouchitis
with respect to that in subjects without disease history.
However, there are no studies in the literature which have
analyzed the direct impact of pouchitis therapy on pouch
microbiota. The most likely hypothesis is that dysbiosis
predisposes UC patients to pouchitis by increasing the
likelihood of immune system stimulation ot by reducing
microbiota diversity, which is itself sufficient to induce
unbalanced activity of the immune system leading to
mucosal inflammation. The failure to identify a particular
bacterial species associated with pouchitis concurs with
clinical experience indicating that antibiotics with a very
different spectrum of antimicrobial activity are equally
effective in pouchitis. Some investigators have recently
shown that many patients with the form that is refractory
to empirical antibiotic treatment have antibiotic resistant
coliforms, and microbiological testing has been able to
predict an effective antibiotic regime for those patients”
Together with other findings, this suggests that antibiotic
therapy is effective in pouchitis as it reduces the total gut
microbial load, and therefore the stimulus to the immune
system rather than eliminating a specific disease-activating
bacterial species. Although the connection between dys-
biosis of the microbiota and aberrant immune responses
remains unclear, alterations in the mucosal immune sys-
tem support the hypothesis that dysbiosis plays an active
role in inducing and maintaining persistent inflammation.
The dysbiosis in UC-IPAA patients, charactetized by re-
duced diversity of the microbiota, may lead to aberrant
mucosal immune regulation triggering the inflammatory
processes in genetically predisposed patients. Second-
ary effects on the function of the epithelial membrane
barrier and defensin overexpression could subsequently

worsen dysbiosis and favor the chronic activation of mu-
88]

cosal immune responses
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