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EDITORIAL

Clostridium difficile infection and inflammatory bowel
disease: Understanding the evolving relationship
Udayakumar Navaneethan, Preethi GK Venkatesh, Bo Shen
IBD, vancomycin appears to be more efficacious than
metronidazole. Randomized controlled trials are required
to clearly define the appropriate management for CDI in
patients with IBD.
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Abstract
Clostridium difficile (C. difficile ) infection (CDI) is the

leading identifiable cause of antibiotic-associated diarrhea. While there is an alarming trend of increasing incidence and severity of CDI in the United States and Europe, superimposed CDI in patients with inflammatory
bowel disease (IBD) has drawn considerable attention in
the gastrointestinal community. The majority of IBD patients appear to contract CDI as outpatients. C. difficile
affects disease course of IBD in several ways, including
triggering disease flares, sustaining activity, and in some
cases, acting as an “innocent” bystander. Despite its
wide spectrum of presentations, CDI has been reported
to be associated with a longer duration of hospitalization and a higher mortality in IBD patients. IBD patients
with restorative proctocolectomy or with diverting ileostomy are not immune to CDI of the small bowel or ileal
pouch. Whether immunomodulator or corticosteroid
therapy for IBD should be continued in patients with
superimposed CDI is controversial. It appears that more
adverse outcomes was observed among patients treated
by a combination of immunomodulators and antibiotics than those treated by antibiotics alone. The use of
biologic agents does not appear to increase the risk of
acquisition of CDI. For CDI in the setting of underlying
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INTRODUCTION
Clostridium difficile (C. difficile) infection (CDI) is the leading identifiable etiology for antibiotic-associated diarrhea
and is associated with substantial morbidity and mortality. Since the initial report of this bacterium as a cause of
antibiotic-associated pseudomembranous colitis in 1978[1],
the incidence of CDI has increased over the years. Although knowledge in epidemiology, pathogenesis, risk factors, diagnosis and management of CDI has tremendously
increased, the frequency and severity of CDI continue to
increase at an alarming rate[2-4]. A hypervirulent strain of
C. difficile, BI/NAP1/027 was reported from North America
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and Europe which was associated with a more severe and
complicated disease and a higher mortality[3,4]. In addition
to its effect on morbidity and mortality, CDI is also associated with increasing duration of hospitalization and
costs. The expected health care costs due to CDI alone
are estimated as being up to 3.2 billion dollars per year in
the US[5]. Clearly the impact of CDI on the health care
system continues to grow with emergence of communityacquired CDI[6,7].
Inflammatory bowel disease (IBD), consisting of
Crohn’s disease (CD) and ulcerative colitis (UC), are chronic
relapsing inflammatory conditions. IBD patients frequently
require corticosteroids, antibiotics (in CD), immumomodulators, and biological therapy. Some of these agents can increase the risk of acquisition of CDI. In a large populationbased cohort study, the use of biologic agents does not
appear to increase the risk for CDI[8]. Recently published
single-center studies and national inpatient database studies reported rising rates of CDI among IBD patients and
their contributions to an increased rate of hospitalizations
and mortality[9-12]. The risk of CDI in IBD patients appears
to persist even after colectomy. CDI can involve the small
bowel[13]. CDI has also been reported in UC patients with
restorative proctocolectomy with ileal pouch-anal anastomosis (IPAA)[14,15] .However, the exact pathogenic role of
C. difficile in these clinical settings are unclear. C. difficile may
cause an isolated infectious colitis superimposed on IBD,
or in some patients, may precipitate an IBD flare leading
to two separate but simultaneous inflammatory processes.
The other possibility is that C. difficile may be just a colonizer and that IBD flare probably occurs independently.
When patients with IBD develop worsening symptoms and
C. difficile is isolated in their stool, there are no clear guidelines to suggest whether to withhold or continue IBDrelated medications, including antibiotics, corticosteroids,
immunosuppressants, or biologics, while instituting appropriate therapy for CDI. In a retrospective study, patients
treated by combination therapy of antibiotics and immunomodulators had a trend towards increased mortality when
compared with those treated by antibiotics alone[16]. Lastly,
there is no consensus on which antibiotic regimen should
be considered as the first-line agent for the treatment of
CDI complicating IBD.
Given the uncertainty in the pathogenesis and controversy on management of patients with concurrent CDI
and IBD, we embarked on this project to clarify some
issues on evolving CDI in IBD. The main goals of this
article are to provide information on the pathogenesis
and impact of CDI on disease course of IBD, to discuss
diagnosis and treatment modalities of CDI in IBD, and to
compare the clinical, laboratory, macroscopic and microscopic features between isolated CDI and superimposed
CDI on IBD.

cerative colitis, Crohn’s disease, Clostridium difficile and
inflammatory bowel disease, Clostridium difficile and diagnosis, Clostridium difficile and treatment”. Full papers
and abstracts without language restrictions were considered. Important developments in research, reports from
centers of excellence, and our own research developments
form the basis of this article.

EPIDEMIOLOGY
CDI occurs predominantly in hospitalized patients and
the incidence is increasing across the US with 3 million
new cases of CDI occurring each year and as many as
10% of patients being affected within 2 d of hospitalization[17]. The prevalence of carrier state of the bacterium
ranges from 0% to 3% in healthy individuals to 20% in
hospitalized patients[17]. Interestingly, only one third of all
infected patients developed diarrhea, while the remaining
two thirds were asymptomatic carriers. Antibiotic exposure is the major risk factor for CDI.
The Center for Disease Control (CDC) reports of
community acquired C. difficile colitis in the US has made
the picture more concerning[6,7]. The traditional risk factors, such as recent hospitalization, being elderly, or having
an underlying health condition were often absent. Close
to 25% of patients who developed community acquired
C. difficile colitis were young, healthy patients with no recent hospitalization in the past year.
Recent papers have highlighted a hypervirulent form
of C. difficile strain, BI/NAP1/027 that was shown to
be associated with a more severe and complicated disease course and a higher mortality. This strain appears to
spread across the US. In a recent CDC report with regard
to the BI/NAP1/027 strain of C. difficile, 38 states were
reported to have the hypervirulent strain of the bacterium
in their population[6,7]. This particular strain of C. difficile,
toxinotype Ⅲ, North American PFGE type 1, and PCR
ribotype 027 (NAP1/027) carries the binary toxin gene
cdtB (cytolethal distending toxin B gene) and an 18-base
pair deletion in tcdC; it produces 16-23 times more toxin
A and B than the routine strain[3,5]. In addition, this hypervirulent strain was reported to be associated with increased disease severity[18] and possibly transmissibility and
to cause outbreaks in Europe and the US[3,4]. The increasing use of fluoroquinolones may be one of the reasons
for selecting the hypervirulent BI/NAP1/027 C. difficile
strain since it is resistant to this class of antibiotics and
possibly less responsive to other antibiotics.

PATHOGENESIS OF C. DIFFICILE INDUCED DIARRHEA
Pathogenic strains of C. difficile produce two potent toxins, toxin A, an enterotoxin, and toxin B, a cytotoxin. The
genes encoding toxin A and B are encoded in the C. difficile
pathogenicity locus (tcdA and tcdB) which also encode two
additional regulatory genes (tcdC and tcdD)[19]. The tcdD gene
product up-regulates toxin transcription, while tcdC prob-

REVIEW CRITERIA
In February 2010, we searched MEDLINE from 1970
to the present using the Medical Subject Headings terms
“Clostridium difficile, inflammatory bowel disease, Ul-
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ably encodes a toxin gene repressor[19]. The fifth gene of the
pathogenicity locus, tcdE is postulated to release both toxins
A and B into the colonic lumen by lysing the cell walls[20].
Both toxins A and B have a 49% amino acid homology and
possess a N-terminal domain that possesses cytotoxic activity, a transmembrane domain that facilitates toxin entry into
the cytoplasm and a C-terminal domain that favors toxin
binding to the epithelial cells[19]. Both toxins A and B are
UDP-glucose hydrolases and glucosyltransferases and contribute to infectious and inflammatory diarrhea; however
toxin B may be the major inflammatory toxin[21]. The toxins
initially attach to non-proteinaceous disaccharide Gal beta
1-4GlcNac residues in the colon. Both toxins play a role in
the initial binding to the colonic epithelial cells. After adhesion, the toxin enters the cell through receptor-mediated
endocytosis and catalyzes the transfer of a glucose residue
from UDP-glucose to guanosine triphosphate-binding rho
proteins[19], the intracellular signaling molecules regulating
cytoskeletal organization and gene expression. Glucosylation of rho proteins in turn leads to disruption of protein
synthesis, and cell death. This leads to the inflammatory
diarrhea seen in patients with CDI[22].

per 1000), non-IBD gastrointestinal (GI) patients (4.8 per
1000), and general medicine patients (4.5 per 1000). In
addition the incidence of CDI among UC patients almost
doubled (26.6 per 1000 to 51.2 per 1000) over the 7-year
period. CDI was independently associated with a greater
mortality among patients with UC, but not CD[12].
Superimposed infections of pathogenic bacteria or viruses may contribute to exacerbation of IBD. Concurrent
CDI is one of them. In a Scandinavian study in 1983, only
5% of patients admitted for a flare had CDI which would
make routine screening not cost-effective[28]. However
recent studies reported that approximately 5%-19% of
newly-admitted patients for relapsing IBD tested positive
for C. difficile toxins[29,30]. Similar to the adult population,
pediatric IBD patients also seem to be susceptible to CDI
as a recent Italian study identified C. difficile toxins in 24.7%
of patients with diarrhea or abdominal pain[31]. C. difficile
carriage status was studied with stool culture and molecular microbiological methods in IBD patients in clinical remission with no recent hospitalization or antibiotic
exposure[32]. Toxigenic C. difficile was demonstrated more
frequently in IBD patients (8.2%) than in healthy volunteers (1.0%). However, none of these patients developed
CDI after a 6 mo follow-up and all the ribotypes identified
were community-acquired, highlighting the acquisition of
C. difficile in IBD patients even in remission from a wide
variety of community sources[32]. The clinical relevance
and significance of this community-acquired C. difficile carriage is interesting and its effect on the outcome of IBD
has not been studied.

INFLAMMATORY BOWEL DISEASE AND
CDI
Almost three decades before, LaMont et al[23] postulated
that C. difficile toxin complicates chronic IBD and contribute to relapse in some patients. Since then, isolated
case series of CDI contributing to symptomatic relapse
in patients with IBD have been reported[24-27].

Risk factors
Environmental exposure continues to be the most common route of acquisition of CDI. Recent hospitalization
increases the risk for nosocomial acquisition of CDI,
the most common setting for the infection. Antibioticresistant C. difficile spores survive in hospital environment
and can be isolated on toilets, bedrails, floors, telephones,
call buttons, stethoscopes, and the hands of healthcare
workers[19-21]. Sharing a room with an infected patient also
increases the risk of infection[19].
Interestingly in a majority of IBD patients, CDI seems
to often be contracted outside of the hospital. In a recent
study, the median time to development of CDI in nonIBD patients was 4 d in contrast to less than a day with
CDI in IBD patients[9]. In another study, 76%-79% of
patients acquired CDI from the community[10]. Toxigenic
C. difficile was demonstrated more frequently in IBD patients in complete remission with no recent hospitalization
or antibiotic exposure (8.2%) than in healthy volunteers
(1.0%) and the ribotypes identified were communityacquired, highlighting the acquisition of C. difficile in IBD
patients[32]. In a case-control study from our institution,
we also observed that 47.2% of patients had acquired the
infection outside the hospital[33].
Almost any antibiotic has been associated with the development of CDI. The risk of CDI varies depending on
the type of antibiotic, frequency, duration, route of antibiotic use, and the use of concurrent medications[34-37]. How-

Incidence and prevalence
Paralleling the rising burden of CDI in the general population, recent years have witnessed a dramatic increase
in CDI in patients with IBD. Recently, two single-center
studies and two national inpatient database studies have
reported a rising rate of CDI among IBD patients and
their contributions of increased rates of hospitalization
and mortality[9-12]. In a retrospective study of all confirmed
CDI patients from a tertiary care center over a 7 years period, there was a doubling in the CDI rate in CD patients
(9.5 to 22.3/1000 admissions) and tripling in UC patients
(18.4 to 57.6/1000 admissions)[9]. A similar increase in the
rate of CDI in IBD patients from 1.8% in 2004 to 4.6%
in 2005 was observed in a subsequent study from a different tertiary-care center[10]. Furthermore, both studies identified that IBD patients, in particular those with UC, were
at a disproportionately higher risk for acquiring CDI than
non-IBD patients. In a large study utilizing the Healthcare
Cost and Utilization Project Nationwide Inpatient Sample
inpatient care database in the US, hospitalized patients
with concurrent CDI and IBD had a 4 times greater
mortality than those admitted to hospital for IBD or CDI
alone[11]. In a subsequent study utilizing the same National
Inpatient Sample database to study the temporal pattern
of CDI, the prevalence of CDI among UC patients (37.3
per 1000) was higher than that among CD patients (10.9
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ever, even a short-term use of prophylactic antibiotics can
cause CDI[38]. The most common implicated antibiotics
associated with CDI till recently were ampicillin, amoxicillin, cephalosporins, and clindamycin[34-37]. However, with
widespread use, fluoroquinolones have become one of
the common predisposing factors for CDI[38-41]. The exact
mechanism of antibiotic-associated CDI in IBD is unclear.
In addition, frequency of antibiotic exposure in relation to
CDI risk in IBD has been highly variable. Antibiotic use
prior to 3 mo before the development of CDI was seen in
only 40% of IBD patients compared with 69% in the nonIBD population in a study[42]. A separate study showed that
61% of IBD patients with antibiotic exposure developed
C. difficile[10]. In a cohort study, 57.2% of patients acquiring a CDI received antibiotics in the previous 6 mo[8]. In
our recent study, antibiotic exposure within 30 d prior to
C. difficile testing was found to be associated with an increased risk for CDI with odds ratio of 12.0 [95% confidence interval (95% CI): 1.2-124.2][33].
Immunosuppression is also proposed as another risk
factor for the development of C. difficile infection. Cancer
chemotherapy, particularly methotrexate[43] or patients
with organ transplantation on immunosuppression appear
to be at risk. The role of immunomodulators in the development of CDI is controversial. Previously studies have
reported the association of immunomodulators with CDI
in IBD[9,10]. However, in the studies from our institution
and others suggest that immunosuppressive treatment was
not associated with the risk of CDI[33,44,45].
The relationship of the use of corticosteroids to the
risk of CDI has been studied in IBD patients. In a large
cohort study of IBD patients, corticosteroid use with or
without simultaneous use of other immunomodulating
drugs was associated with a 3-fold increase in the risk of
CDI (relative risk = 3.38, 95% CI: 1.88-6.10)[8]. Even in
the absence of other immunomodulating drugs, the risk
increased 2.5 fold in patients using corticosteroids[8]. Corticosteroids have also been shown to increase the risk of
CDI relapse in solid organ transplant patients[44]; however
corticosteroids and their risk of association to CDI have
not been studied in IBD patients.
The use of biologics, specifically infliximab to the
risk of CDI was studied in IBD patients and there appears to be no association of the use of biologics on the
risk of development of CDI[8].
The normal bacterial flora in the bowel is an important
natural defense and inhibits the growth of C. difficile[46]. In
addition, the gastric acid barrier is a host mechanism to
protect against ingested microorganisms[47]. The use of
proton pump inhibitors and the risk for CDI is a subject
of controversy, as published results of studies have been
conflicting. Some initial studies demonstrated a higher
risk of development of CDI with proton pump inhibitor
therapy but this finding has not been consistently demonstrated[42,48].
Similar to the non-IBD populations, increasing age has
been proposed as a risk factor for CDI in the IBD population[49-51]. IBD patients with CDI, however, were younger
than the corresponding non-IBD population who devel-
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oped CDI. In addition to immunosuppressive medication,
host immunity, particularly the humoral arm, may play a
role in determining susceptibility to CDI[52]. Thus serum
and intestinal secretory antitoxin antibodies may afford
protection and may be associated with mild colitis or carriage, while patients with deficient response develop severe or recurrent CDI[52]. Recurrent CDI is also suggested
to be because of alterations in the fecal microbiota with
markedly decreased diversity as demonstrated by phylogenetic analysis of 16S rRNA-encoding gene sequences[53].
IBD itself has been shown to be a specific risk factor
for the development of CDI, particularly in those with colonic involvement[9,11,54]. Patients with UC appear to be at a
higher risk for the development of CDI than CD and the
presence of colonic disease conferred 3-fold greater risk
(odds ratio = 3.12, 95% CI: 1.28-5.12) for CDI[11]. Similarly CD patients with colonic involvement seem to be at a
greater risk for CDI than those with isolated small bowel
disease[11]. The risk of CDI in relation to disease activity
is unclear. A recent study suggested that patients with a
greater disease activity may be at a higher risk for CDI[31].
However, in the population based study by Nguyen et al[12],
the inverse association between CDI and colectomy rate
led to the suggestion that IBD patients with CDI have
lesser disease activity, although there was no information
on the disease activity. Similarly, in our recent study we did
not find any difference in the endoscopic disease activity
in UC patients with and without CDI[33].

OUTCOME AFTER TREATMENT AND
NATURAL HISTORY OF CDI
Short-term outcome
Patients with CDI are at risk for complications including toxic megacolon, colonic perforation, and peritonitis
with sepsis. Patients with IBD are similarly at risk for
these complications. Single-center and nationwide studies
have studied the outcome of CDI in patients with IBD.
The results have been highly variable with some studies
reporting shorter stay in patients with CDI in IBD than
those in non-IBD patients[42], and some studies showing
similar lengths of stay[55], while other studies highlighting
increased hospitalization duration and costs[10].
The colectomy rate in CDI is an important measurement of short-term outcome in CDI. Colectomy has been
shown to be independently associated with a greater than
2-fold increase in inpatient mortality (incidence rate ratio
= 2.4, 95% CI: 1.8-3.2)[56]. However studies have reported
varying rates of colectomy for CDI in the setting of IBD.
In a large study utilizing the Health Care inpatient care database, the development of CDI was inversely related to the
risk of colectomy[11]. Similarly a subsequent study reported
low rates for colectomy after CDI (1 of 15 patients)[42]. In
our recent study with colectomy at 3 mo following CDI
infection being the end point, we did not find CDI as a risk
factor[33]. In a single-center case-control study, the rate of
emergent colectomy in their CDI-UC population was 23%
with the indication being toxic complications (4 of 11) or
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Figure 1 Toxic megacolon in a 27-year-old patient with
Clostridium difficile infection who had underlying ulcerative
colitis, resulting in emergent subtotal colectomy. Arrow indicate dilated colon.

medically refractory disease (7 of 11) compared to 13.4% in
the C. difficile-negative IBD population[55]. However, it is interesting that 7/11 patients had medically refractory disease
and may be C. difficile was a colonizer. Also there was no
statistically significant difference in the short-term risk of
colectomy at 1 mo[55]. In another study, underlying IBD was
associated with 6 fold greater risk of bowel surgery compared with patients with CDI without underlying IBD[10].
We believe that the lower risk of colectomy with UC-CDI
in most studies may be due to the fact that patients with
UC exacerbation resulting from CDI are much more likely
to improve with proper pathogen-directed medical therapy.
Therefore, treating CDI in UC patients may actually prevent the need for colectomy in the short term (Figure 1).

Table 1 Short and long-term outcomes with Clostridium difficile infection and inflammatory bowel disease
Short-term outcomes
Toxic megacolon
Colonic perforation
Peritonitis with sepsis
? Increased hospitalization duration and costs
Colectomy rates highly variable
Long-term outcomes
Increased UC related hospitalization and emergency room visits
? Escalation of medical treatment
Increased rate of colectomy
UC: Ulcerative colitis.

unclear whether underlying IBD severity was responsible
for this outcome or whether C. difficile produces certain
immunological changes that leads to a worse long term
clinical outcome. Table 1 summarized both the short and
long term outcome of CDI in IBD.

Long-term outcome
There are limited studies available investigating the longterm outcome of CDI in patients with IBD. In a recent
retrospective case control study, UC-CDI patients had
worse clinical outcome than UC patients without CDI,
with a follow-up of up to a year after CDI[55]. On the
other hand, the study did not discriminate between recurrent CDI vs worse IBD disease activity because of
the retrospective nature and study design. However,
C. difficile-positive patients had significantly more UCrelated hospitalizations (58 hospitalizations vs 27 hospitalizations) and emergency room visits in the year following
initial admission (8 visits vs 1 visit). Also, up to a year following the index admission, patients with CDI had significantly higher rates of colectomy compared to C. difficilenegative patients (44.6% vs 25%). In a case-control study
comparing the disease course for 1 year before and 1 year
after the initial infection in 87 patients with IBD with
C. difficile, colectomy occurred in only 10.3% of patients
(9/87) following CDI[57]. While 8% had fewer hospitalizations in the year following infection, 41.3% of patients
(36/87) followed for a year after CDI had no difference in
the number of hospitalizations. However, 46% of patients
(40/87) had more hospitalizations in the year following
CDI (range 1-9 hospitalizations)[57]. Also 53% (46/87)
of IBD patients with CDI required an escalation in their
IBD medical therapy including initiation of biologic
therapy (26%; 23/87), dose escalation of current biologic
(8%; 7/87), escalation or initiation of azathioprine/6-MP
(11.5%; 10/87) or methotrexate (7%; 6/87)[57]. Both these
studies are limited by their retrospective nature and it is
WJG|www.wjgnet.com

CLINICAL, RADIOGRAPHIC, ENDOSOPIC,
AND HISTOLOGIC FEATURES
Patients with CDI can present with a wide variety of clinical manifestations ranging from an asymptomatic carrier
state to fulminant colitis with megacolon. The most common clinical presentation of CDI is diarrhea and abdominal pain. The diarrhea is usually watery in patients with
CDI; however in patients with underlying IBD, it may
be bloody or mucous[49,58]. There are associated systemic
symptoms and low-grade fever with a polymorphonuclear
leukocytosis.
Although 0% and 3% of healthy adults may carry
C. difficile, the frequency of asymptomatic carriage of
C. difficile in patients with IBD is not exactly known.
C. difficile carriage status in 122 IBD patients in clinical remission in the outpatient setting with no recent hospitalization or antibiotic exposure was studied with stool culture and molecular DNA-based microbiological methods.
The strains were characterized by toxin typing, ribotyping,
and pulsed-field gel electrophoresis. Toxigenic C. difficile
was demonstrated more frequently in IBD patients (8.2%)
than in healthy volunteers (1.0%). However, none of these
patients developed CDI after a 6 mo follow-up and all the
ribotypes identified were community acquired highlighting
4896
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the acquisition of C. difficile in IBD patients even in remission from a wide variety of community sources[32].
Some patients may present with severe disease causing paralytic ileus, which may evolve into toxic megacolon
characterized by a dilated colon (> 7 cm in its greatest diameter), and signs and symptoms of severe toxicity (fever,
chills, dehydration, high white count). There is associated
dilatation of the small intestine in patients with megacolon mimicking an intestinal obstruction. Bowel perforation may also occur[59-61]. Diarrhea may be absent because
of paralytic ileus, particularly in postoperative patients
who receive narcotics for pain control. Patients may also
have anasarca due to severe hypoalbuminemia[62]. Patients
may present without diarrhea but only with abdominal
pain, fever and leukocytosis (a leukemoid reaction with a
white blood cell count up to 100 000 cells/cu.mm.)[62]. A
high degree of suspicion is required to diagnose CDI in
these settings.

commonly present, CDI tends to produce a nonspecific
mucopus; erythema and friability are commonly encountered endoscopic findings[10].

LABORATORY DIAGNOSIS
Although a variety of laboratory tests are used for the
diagnosis of CDI, enzyme linked immunoassay (ELISA)
is the most commonly used test to detect the toxin.
Enzyme linked immunoassay
These assays are based on the detection of toxins A and/or
B using either a monoclonal antibody or a polyclonal antiserum that recognizes the specific toxin. The ELISA test
is inexpensive and the results are available within 2-6 h.
The most widely used ELISAs for detection of both toxins A and B in stool are somewhat less sensitive (70%-90%)
than the cell cytotoxicity assay (see below). Up to 30%
of tests may be falsely negative in comparison to the
cell cytotoxicity assay or culture[67,68]. They do, however,
demonstrate excellent specificity (99%)[68,69]. The lower
sensitivity of these tests can be improved by performing
ELISAs on 2 or 3 specimens rather than on 1 specimen,
which increases the diagnostic yield by 5%-10%[70]. In
IBD patients, the diagnostic yield of ELISA testing may
be much lower. Four sequential stool samples were shown
to increase the diagnostic yield to 92%[42].

Abdominal imaging
Plain radiography is usually normal in patients with CDI,
unless they have complications like ileus or toxic megacolon or perforation. CT imaging is useful in the diagnosis
of severe or fulminant CDI and the characteristic features
include colonic-wall thickening, pericolonic stranding, the
“accordion sign”, and the “double-halo sign”[63]. The accordion sign is seen with oral contrast and shows the high
attenuation in the colonic lumen alternating with a low attenuation inflamed mucosa, while the double-halo sign is
seen with intravenous contrast[63]. The presence of these
signs in the right clinical setting may suggest a diagnosis
of CDI.

Latex agglutination assay
Latex agglutination assay is based on the glutamate dehydrogenase (GDH) enzyme produced by C. difficile. The
sensitivity of these tests approached almost 96%-100%
in a recent study[71]. However, certain other organisms can
also produce GDH and also the positivity indicates only
the presence of the organism, rather than in vivo production of C. difficile toxins. It is not recommended for routine clinical use.

Endoscopy
Lower endoscopic visualization forms an important part
in the evaluation of patients with CDI in IBD. Isolated
CDI produces the classic endoscopic appearance of pseudomembrane formation which is described in 50% of
patients[64,65]. However in patients with underlying IBD,
classic endoscopic or histologic features of pseudomembranes are conspicuously absent, making it hard to diagnose CDI in patients with worsening diarrhea[10,42]. In fact,
recently published studies from Milwaukee and Belgium
did not identify pseudomembranes in any of the IBD
patients with CDI who underwent endoscopic evaluation[10,42]. However endoscopy may be useful to assess disease activity of IBD and also to rule out other secondary
causes of diarrhea including concurrent cytomegalovirus
infection[66].

Cell cytotoxicity assay
Cell cytotoxicity assay is the gold standard test for diagnosis of CDI. It detects as little as 10 picograms of toxin
and it is the most sensitive available test for detection of
toxin B[72-75]. It is based on the principle that the toxins
in the stool exert a cytopathic effect characterized by cell
rounding which can be demonstrated in tissue culture.
The high sensitivity (94%-100%) and specificity (99%) of
the cytotoxicity assay is its major advantage. Disadvantages are its relatively high technical expertise and the 24-48 h
needed to complete the assay[76].

Histology
The classic histologic picture in CDI is the presence of
pseudomembranes. Pseudomembrane formation is caused
by sloughing and necrosis of the mucosa with ulceration
secondary to inflammation. Pseudomembranes are actually characteristic ‘‘volcano’’ lesions with focal ulceration
with inflammation composed of polymorphonuclear leukocytes, fibrin, chronic inflammatory cells, and epithelial
debris[66]. In patients with IBD, pseudomembranes are not
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C. difficile culture
Stool culture is seldom used for routine diagnosis because
of labor intensiveness, long turnaround time (24-48 h)
and a low specificity. The in vivo production of toxins can
be seen in hospitalized patients who are asymptomatic
carriers. It fails to differentiate toxin-producing from nontoxigenic strains. However, because culture permits molecular typing of the organisms, it is essential for monitoring molecular epidemiology and antibiotic susceptibility[72].
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We do not recommend its routine use in the diagnosis of
CDI in clinical practice.

clinical cure rates after OPT-80 (fidaxomicin) or vancomycin treatment were comparable[85]. However, OPT-80
was associated with a highly significant lower recurrence
rate than vancomycin[85]. Further evidence of its efficacy
needs to be studied. Anion-binding resins, such as cholestyramine and colestipol have also been used along with
antibiotics[86]. These are proposed to bind to the C. difficile
toxins and may have adjunctive benefit. However these
agents have not been studied in IBD patients.
The efficacy of metronidazole or vancomycin specifically in the IBD population with CDI is unknown, but
one study reported that just less than one quarter of the
IBD patients with CDI required to be initiated on oral
vancomycin because of lack of sufficient response with
metronidazole[42]. Neither vancomycin nor rifaximin have
been studied in randomized controlled trials for CDI in
IBD patients.
There are no guidelines or evidence to suggest that
one particular antibiotic regimen is better than the other
in IBD patients who develop CDI. However colectomy
rates in hospitalized patients with IBD was reportedly
less from 45.5% in 2004, to 3.5% in 2006 in a single center study where vancomycin was adopted as the first line
therapy in IBD patients with CDI after 2005[87,88].
Patients with fulminant colitis require initiation of
treatment with oral vancomycin at a high dose of 500 mg
every 6 h which may be administered with a nasogastric
tube because of paralytic ileus. We also tend to use intravenous metronidazole along with vancomycin in these
cases in our clinical practice. Emergent surgery is required
for patients who do not respond to the above medical
management and in patients with impending perforation
and toxic megacolon. Patients usually undergo a subtotal
colectomy and a temporary ileostomy and are associated
with a high perioperative mortality rate approaching close
to 40%[89].
There is no consensus on whether IBD-related medications, particularly immunomodulators and corticosteroids should be discontinued during the anti-CDI therapy.
In a retrospective study of 155 patients from Europe with
CDI complicating IBD, 104 (67%) were cotreated with
antibiotics and immunomodulators (defined as the use of
prednisone, azathioprine/6-mercaptopurine, methotrexate, biologics, cyclosporine, tacrolimus) for their C. difficileassociated IBD exacerbation, while the remaining 51 (33%)
were treated with antibiotics alone[32]. The primary outcome of the study was colon perforation or toxic megacolon, shock, colectomy, and mortality. Patients treated
by combination therapy had a trend towards a worse outcome when compared to those treated by antibiotics alone
(likelihood ratio = 11.9; 95% CI: 0.9-157)[32]. Thus in most
patients with CDI, it may be inappropriate to escalate immunosuppressive therapy during the acute CDI episode.
However, the question of whether to add immunomodulator therapy in patients who are not on it before the CDI
episode remains unanswered. In a recent survey of 169
North American gastroenterologists, there was significant
disagreement on whether combination antibiotics and
immunomodulators or antibiotics alone should be given

Polymerase chain reaction for toxin gene detection
Polymerase chain reaction (PCR) based primers for the
detection of genes for toxins A and is highly sensitive
and specific for the diagnosis of CDI[77,78]. Culture of the
organisms may be required for PCR, which makes the
process more technically demanding and challenging. A
study based on the nested PCR assay reported a 99% concordance with the cytotoxicity assay and a sensitivity of
96.3% and a specificity of 100%[78].

TREATMENT OF CDI
The Society for Healthcare Epidemiology of America recommends initiating empiric therapy for CDI immediately
after stool procurement for patients with severe symptoms
consistent with CDI[34]. Empiric treatment is warranted if
the clinical suspicion is high without waiting for the results
as early initiation of treatment is critical in improving the
outcome. Agents that decrease intestinal motility, such as
narcotics and loperamide, should be avoided because of
the risk of decreasing toxin clearance and the risk for ileus
and/or megacolon[79].
Specific antibiotic therapy should be initiated as soon
as possible. Oral metronidazole in a dose of 250-500 mg
four times a day for 10-14 d or oral vancomycin at
125-500 mg four times a day for 10-14 d is the treatment
of choice in patients with CDI. Metronidazole can be administered intravenously (in doses of 500 mg four times
daily) in patients who are unable to take oral agents[66].
Bacitracin, teicoplanin and fusidic acid have been used
in the treatment of CDI, but their efficacy has not been
proved superior to vancomycin/metronidazole in large
systematic meta-analysis[80,81]. A large meta-analysis of
1157 patients from 12 randomized trials assessed the efficacy of eight antibiotics for the treatment of CDI. None
of the antibiotics are superior to others for symptomatic
cure and/or reduction in complications[82]. Thus metronidazole is the initial drug of choice because of similar efficacy, lower cost and lesser risk of selecting vancomycin
resistant enterococci in mild to moderate disease. However in
patients with severe disease, multiple studies have shown
a failure rate of 22%-38% with metronidazole[83]. Studies
have shown similar cure rates in patients with mild disease
with either use of metronidazole or vancomycin, while in
severe disease the eradication rate with metronidazole is
76%, as compared with vancomycin, which gives a cure
rate of 97%[84]. These data support the use of vancomycin
as the first line treatment for severe CDI, also in patients
with mild to moderate CDI who do not improve within
72 h of initiation of treatment with metronidazole should
be switched to vancomycin. Severe CDI requires aggressive treatment and doses up to 2 g/d of vancomycin
may be required in patients with severe disease. A recent
phase 3 trial compared the efficacy and safety of OPT-80,
fidaxomicin that is bactericidal via inhibition of RNA
polymerase and oral vancomycin in treating CDI. The
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Table 2 Differentiating Clostridium difficile infection and inflammatory bowel disease
Features

Isolated CDI

CDI and IBD

Setting
Risk factors

Often hospital acquired
Antibiotic exposure prior to infection common
Immunomodulator and corticosteroid use
Increasing age

Often community-acquired
Many patients lacking of history of antibiotic exposure
Immunomodulator and corticosteroid use playing even a greater role
Increasing age
Risk greater with ulcerative colitis than Crohn’s disease, more with
colonic involvement than small bowel disease
Clinical features
Usually watery diarrhea
May be bloody or mucous diarrhea
Outcome
Short term complications including toxic
Short term complications including toxic megacolon, colonic
megacolon, colonic perforation, and peritonitis perforation, and peritonitis with sepsis similar to patients without IBD
Hospitalization costs and length of stay variable in studies
with sepsis
Increased mortality in some studies
Risk of colectomy unclear
Long term outcome unclear, increased hospitalizations and escalation
in medication use and colectomy rates reported with retrospective data
Diagnosis
ELISA testing for toxins
ELISA testing may be less sensitive
Endoscopy and histology
Pseudomembranes common
Pseudomembranes rare
Treatment
Metronidazole for mild to moderate severity
? Vancomycin for any hospitalized IBD patient
Vancomycin for severe disease
Recurrence
20% after the first episode of CDI
Rates highly variable 10%-58%, may be higher
Extra-colonic gastrointestinal Small bowel can be affected
Most cases of small bowel involvement in IBD patients
Pouchitis can also be seen
manifestations
IBD: Inflammatory bowel disease; ELISA: Enzyme linked immunoassay; CDI: Clostridium difficile infection.

to flaring IBD patients with CDI. Overall, 77/169 (46%)
of the respondents elected to add on corticosteroids as
a combined treatment with antibiotics, whereas 82/169
(54%) treated the flare with antibiotics alone. When maintenance azathioprine was regularly taken, only 11% of
respondents withdrew it upon the diagnosis of CDI[90].

Other treatments including the use of active and passive
immunization by administration of immunoglobulins or
oral administration of antibodies from colostrum of cows
immunized against toxins are under investigation for future use[91].
The treatment of recurrent disease in IBD patients
is unclear in the absence of evidence based studies. In a
study from Milwaukee of 14 IBD patients, rifaximin at a
dose of 200 mg three times a day for 2 wk, followed by
200 mg once daily for 2 wk and 200 mg every other day
for the final 2 wk of the taper resulted in resolution of
infection in all the patients[92]. In the absence of data, we
recommend treating patients in a similar way to the nonIBD population as far as recurrence is concerned (Table 2).

RECURRENT CDI
Recurrence of CDI is common, affecting approximately
20% of patients. Recurrence typically occurs 1 to 2 wk
after stopping metronidazole or vancomycin, but it can
be delayed for up to 12 wk[49,90]. Risk factors for recurrent
CDI include a prior history of recurrence, increasing age,
use of additional antimicrobials, and an inadequate protective immune response to C. difficile toxins[49,91].
There are limited data available on the risk of CDI recurrence in IBD patients. In a study published in abstract
form from Milwaukee in 2005, recurrent CDI was reported
in 27/46 (58%) of patients[92]. In a subsequent study from
the same center, recurrent C. difficile occurred in (10/87)
11.5% of patients[57]. Thus the risk appears to be highly
variable and prospective studies need to be undertaken to
clearly clarify the risk of CDI recurrence in IBD patients.
Management of a first recurrence of CDI is identical to a primary episode. Long tapering courses of vancomycin or pulsed treatment reduce recurrence and are
suggested for treating second episode of recurrence[93,94].
Because of the risk of often-irreversible neuropathy with
long-term use of metronidazole, it is not used for treatment of second relapse. Recently, several small series
reported the efficacy of rifaximin in treating recurrent
CDI[95,96]. Similarly reconstitution of the fecal flora by administration of stool is effective in small series[97,98] as previous studies have shown loss of diversity of fecal flora[53].
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CDI IN SPECIAL SITUATIONS
C. difficile enteritis
Small intestinal C. difficile has increasingly been reported.
The spectrum of CDI has definitely expanded with small
bowel involvement (Figure 2)[99]. They are more frequently
reported in patients with IBD who have undergone total
colectomy or some form of gastrointestinal surgery[13].
The most common presentation is increased ileostomy
output with associated dehydration. In patients with small
bowel CDI, the risk factors seem to be slightly different.
Antibiotic use and IBD predispose to small bowel CDI
similar to CDI of the colon. Prior surgeries of the colon/colectomy, and host factors including advanced age,
immunocompromised state are proposed as additional
risk factors for small bowel CDI[100]. More than 90% of
patients reported in the literature had gastrointestinal surgery of the colon.
The reason for the predisposition of patients who undergo colonic surgery to small bowel CDI is not clear al-
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Figure 2 Recurrent Clostridium difficile enteritis in neoterminal ileum in a 36-year-old patient with diverting ileostomy
for ileal pouch who had a preoperative diagnosis ulcerative
colitis. Arrows: Enteritis due to Clostridium difficile infection and
dilated loops of small bowel.

though multiple hypotheses are proposed. Firstly, changes
occur in the small-bowel bacterial flora resembling colonic
flora and after colectomy this may make it susceptible to
overgrowth with C. difficile, particularly with concomitant
antibiotic use[101]. This is based on the fact that the neoterminal ileum is colonized by colonic-type bacterial flora
after ileocolonic resection[102]. Prolonged exposures to fecal
stream may make the small bowel mucosa undergo metaplastic changes, as seen in patients with IPAA[103]. This notion was further supported by the fact that similar changes
may occur in patients with end ileostomy and the long
latent period between the surgery and the infection supports this. Changes occur in the ileostomy flora resembling
the fecal flora[104]. In patients who develop infection in the
immediate post operative period, a majority of patients
had CDI of the colon prior to surgery which leads to the
hypothesis that in those patients CDI of the small bowel
may be secondary to migration of C. difficile into the small
bowel after surgery. CDI is a toxin-mediated disease process. Although receptors for C. difficile toxins are typically
on colonic epithelium, the receptors for toxin B is ubiquitous and may be present on small bowel epithelium which
could mediate diarrhea in the immediate post operative period in the absence of colonic phenotype changes[105]. Secondly, colonization of the small bowel occurs because the
protective mechanisms are compromised by colonic resection surgeries. The mechanical action of the ileocecal valve
may be lost because of surgery[106]. In addition, continued
peristalsis in the small bowel also inhibits colonization of
the small bowel with C. difficile[106]. Therefore, surgeries
involving only the left side of the colon with preservation
of the ileocecal valve do not seem to increase the risk of
CDI of the small bowel, highlighting the importance of
the ileocecal valve in preventing colonization.
Initial studies highlighted that infection of the small
bowel with C. difficile was associated with an increased
mortality[13]. The increased permeability of the small intestinal mucosa was hypothesized to be due to result in
profound sepsis[107]. However, recent studies showed a
favorable prognosis. In fact, two large recent case series
reported no mortality[100,108]. This may be probably secondary to increased awareness of the problem and early
intervention.
The treatment of small bowel CDI is controversial
and stratification of the disease severity as CDI of the
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colon could be used to initiate appropriate management
plan. In a series of 11 patients, more than 50% responded to metronidazole alone[108]. In another series, all six
patients were treated with a combination of metronidazole and vancomycin[100]. Thus similar to colonic CDI,
oral vancomycin may be a first-line agent for severe CDI,
while in mild to moderate disease, metronidazole may be
used. However in patients who do not improve within
72 h of initiation of treatment with metronidazole, vancomycin needs to substituted instead of metronidazole.

C. difficile pouchitis
CDI has been reported in patients with IPAA[14,15,109,110].
CDI in IPAA can either present with asymptomatic colonization or with chronic antibiotic-refractory pouchitis
or occasionally with fatal outcome. As the majority of
patients have a history of short- or long- term exposure
to antibiotics, CDI should be excluded in pouch patients
with persistent symptoms with or without endoscopic
findings of pouchitis or other pouch disorders.
In patients with IPAA, the epithelium of pelvic
pouches undergoes morphologic changes facilitating fecal
flora establishment[109]. These histologic adaptive changes
include villus atrophy, Paneth cell hyperplasia, and a partial
transition to colonic mucin phenotype without complete
metaplasia[103]. In a recent study of 115 patients with
IPAA, 21 (18.3%) were tested positive for C. difficile toxin
A or B[14]. Three of those patients had chronic antibioticrefractory pouchitis and all 3 patients had clinical remission and disappearance of C. difficile toxin from the stool
with anti-C. difficile treatment with rifaximin or tinidazole.
Three additional patients with other pouch-associated disorders also symptomatically improved with treatment of
CDI. We also recently reported a patient who developed
CDI of the pouch and neoterminal ileum immediately
after ileostomy closure with a fatal outcome[111]. Fulminant
outcomes of CDI of the pouch have also been described
recently in a case report[112]. Similar to IBD patients with
CDI who do not have the classic endoscopic or histologic
features of pseudomembranes[10,42], superimposed CDI
in pouch patients hardly have endoscopic or histologic
features of pseudomembranes which makes the diagnosis
challenging.
The treatment of CDI in IPAA is empiric at this point.
There are no published prospective trials. The traditional
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drugs used in the management of CDI are metronidazole
and vancomycin. Previous studies suggest that metronidazole may be not completely protective against CDI of
the pouch, as the bacterial infection can develop while the
patients had been still on metronidazole[109,110]. Therefore,
in patients with C. difficile-associated pouchitis, metronidazole may not be considered as the first-line agent. Based
on our own experience and limited published literature,
rifaximin, tinidazole, or vancomycin have been used with
satisfactory results[14,110].

prospectively studied. Management of these patients can
be challenging. Future studies to ascertain the appropriate
management of CDI in IBD is required in particular, as
there is little consensus on whether antibiotics and immunomodulators or antibiotics alone should be administered
to these patients. Randomized controlled trials comparing
metronidazole and vancomycin are also required to clearly
understand the best management of C. difficile flares in
IBD patients. A multidisciplinary approach involving gastroenterologists and colorectal surgeons, together with a
team of GI pathologists and GI radiologists is necessary
to successfully manage and treat patients with these disorders. Development of animal models with concurrent
CDI and IBD would help us to understand the pathogenesis and manage these patients better.

C. difficle infection in diverted bowel
Diversion colitis is common in segments of the colorectum after surgical diversion of the fecal stream, which
may persist indefinitely unless the excluded segment is
reanastomosed[113]. Patients with diverted bowel appear
not immune to the development of CDI in the excluded
downstream bowel segment. There has been a case report
in which, following subtotal colectomy and end-ileostomy
for medically refractory disease, a UC patient subsequently
developed severe CDI in the rectal remnant (Hartmann
pouch) and the patient responded to metronidazole suppositories[110].

CONCLUSION
CDI has continuously evolved over the years rising from a
relative “benign” disease entity due to antibiotic exposure
to a significant public health problem. CDI poses substantial challenge to epidemiologists, infection control practitioners, infectious disease specialists, gastroenterologists,
gastrointestinal surgeons and hospital administration. The
rising incidence, with increasing hospitalization rate, length
of hospital stay, morbidity and mortality is of great concern. There has been a tremendous increase in the burden
of CDI over the past few years with higher rates of surgery and mortality in the IBD population compared with
the non-IBD cohort. The increase in the risk of community-acquired CDI in IBD population highlights that a
high index of suspicion should be maintained even in the
absence of conventional risk factors, such as antibiotic
use or health care exposure. Patients with IBD even after
colectomy are not immune to CDI. Pseudomembranes on
endoscopy and histology appear to be uncommon in CDI
superimposed on IBD. Randomized controlled trials are
required to define the appropriate strategy for risk stratification and management for CDI in patients with IBD.
In addition, preventive measures are the key and require
concerted effort from all quarters from epidemiologists to
hospital administration and clinicians.

RECOMMENDATIONS
In patients with IBD who present with worsening symptoms, CDI needs to be thought off and ruled out. In
patients with a suspected diagnosis of CDI in IBD, stool
studies for CDI are sent and empiric treatment is started.
ELISA is the most commonly used method of diagnosis
of CDI. We do not usually wait for the stool studies to
return back to start treatment. We start all our IBD patients with suspected CDI on vancomycin 125 mg orally
every 6 h and continue their previous immunosuppressive
therapy. We do not add any new immunomodulators or
escalate immunosuppressive medications in patients with
suspected CDI in IBD unless CDI is ruled out with serial
stool studies (at least 3-4). The duration of antibiotic use
is 14 d. Routine endoscopy is not performed in these patients as the yield of pseudomembranes is very low unless
an alternative diagnosis such as cytomegalovirus infection
is being entertained. We also follow these patients serially
to study the impact of CDI on the short term and long
term outcome of IBD.

REFERENCES
1

FUTURE DIRECTIONS
The pathogenesis and natural history of CDI in IBD
patients is not entirely clear. The role of CDI in IBD exacerbation needs to be further investigated. It is unclear
how to distinguish whether CDI is precipitating an IBD
flare or whether it is an innocent bystander, as medical
treatment targeted CDI does not necessarily induce IBD
into remission. There is need for research to study the
role of asymptomatic carriage of C. difficile and its impact
on the longer-term outcomes of CDI in IBD. Although
some retrospective studies have suggested worse longterm outcome of CDI in IBD patients, it needs to be

WJG|www.wjgnet.com

2
3

4

4901

Asha NJ, Tompkins D, Wilcox MH. Comparative analysis
of prevalence, risk factors, and molecular epidemiology of
antibiotic-associated diarrhea due to Clostridium difficile,
Clostridium perfringens, and Staphylococcus aureus. J Clin
Microbiol 2006; 44: 2785-2791
Bartlett JG, Chang TW, Gurwith M, Gorbach SL, Onderdonk
AB. Antibiotic-associated pseudomembranous colitis due to
toxin-producing clostridia. N Engl J Med 1978; 298: 531-534
McDonald LC, Killgore GE, Thompson A, Owens RC Jr,
Kazakova SV, Sambol SP, Johnson S, Gerding DN. An epidemic, toxin gene-variant strain of Clostridium difficile. N
Engl J Med 2005; 353: 2433-2441
Kazakova SV, Ware K, Baughman B, Bilukha O, Paradis A,
Sears S, Thompson A, Jensen B, Wiggs L, Bessette J, Martin J,
Clukey J, Gensheimer K, Killgore G, McDonald LC. A hospital outbreak of diarrhea due to an emerging epidemic strain
of Clostridium difficile. Arch Intern Med 2006; 166: 2518-2524

October 21, 2010|Volume 16|Issue 39|

Navaneethan U et al . Clostridium difficile and IBD
5

6
7
8

9
10

11

12

13
14

15
16

17
18

19

20
21

22
23

O'Brien JA, Lahue BJ, Caro JJ, Davidson DM. The emerging
infectious challenge of clostridium difficile-associated disease in Massachusetts hospitals: clinical and economic consequences. Infect Control Hosp Epidemiol 2007; 28: 1219-1227
Surveillance for community-associated Clostridium difficile-Connecticut, 2006. MMWR Morb Mortal Wkly Rep 2008; 57:
340-343
Severe Clostridium difficile-associated disease in populations previously at low risk--four states, 2005. MMWR Morb
Mortal Wkly Rep 2005; 54: 1201-1205
Schneeweiss S, Korzenik J, Solomon DH, Canning C, Lee J,
Bressler B. Infliximab and other immunomodulating drugs
in patients with inflammatory bowel disease and the risk of
serious bacterial infections. Aliment Pharmacol Ther 2009; 30:
253-264
Rodemann JF, Dubberke ER, Reske KA, Seo da H, Stone CD.
Incidence of Clostridium difficile infection in inflammatory
bowel disease. Clin Gastroenterol Hepatol 2007; 5: 339-344
Issa M, Vijayapal A, Graham MB, Beaulieu DB, Otterson
MF, Lundeen S, Skaros S, Weber LR, Komorowski RA, Knox
JF, Emmons J, Bajaj JS, Binion DG. Impact of Clostridium
difficile on inflammatory bowel disease. Clin Gastroenterol
Hepatol 2007; 5: 345-351
Ananthakrishnan AN, McGinley EL, Binion DG. Excess
hospitalisation burden associated with Clostridium difficile
in patients with inflammatory bowel disease. Gut 2008; 57:
205-210
Nguyen GC, Kaplan GG, Harris ML, Brant SR. A national
survey of the prevalence and impact of Clostridium difficile
infection among hospitalized inflammatory bowel disease
patients. Am J Gastroenterol 2008; 103: 1443-1450
Navaneethan U, Giannella RA. Thinking beyond the colonsmall bowel involvement in clostridium difficile infection.
Gut Pathog 2009; 1: 7
Shen BO, Jiang ZD, Fazio VW, Remzi FH, Rodriguez L, Bennett AE, Lopez R, Queener E, Dupont HL. Clostridium difficile infection in patients with ileal pouch-anal anastomosis.
Clin Gastroenterol Hepatol 2008; 6: 782-788
Navaneethan U, Shen B. Secondary pouchitis: those with
identifiable etiopathogenetic or triggering factors. Am J Gastroenterol 2010; 105: 51-64
Ben-Horin S, Margalit M, Bossuyt P, Maul J, Shapira Y, Bojic D, Chermesh I, Al-Rifai A, Schoepfer A, Bosani M, Allez
M, Lakatos PL, Bossa F, Eser A, Stefanelli T, Carbonnel F,
Katsanos K, Checchin D, Miera IS, Chowers Y, Moran GW.
Combination immunomodulator and antibiotic treatment in
patients with inflammatory bowel disease and clostridium
difficile infection. Clin Gastroenterol Hepatol 2009; 7: 981-987
McFarland LV, Mulligan ME, Kwok RY, Stamm WE. Nosocomial acquisition of Clostridium difficile infection. N Engl J
Med 1989; 320: 204-210
Pépin J, Valiquette L, Alary ME, Villemure P, Pelletier A,
Forget K, Pépin K, Chouinard D. Clostridium difficileassociated diarrhea in a region of Quebec from 1991 to 2003:
a changing pattern of disease severity. CMAJ 2004; 171:
466-472
Warny M, Kelly CP. Pathogenicity of Clostridium difficile
toxins. In: Hecht G, editor. Microbial Pathogenesis and the Intestinal Epithelial Cell. 503 ed. Washington, DC: ASM Press,
2003: 502-524
Tan KS, Wee BY, Song KP. Evidence for holin function of
tcdE gene in the pathogenicity of Clostridium difficile. J Med
Microbiol 2001; 50: 613-619
Riegler M, Sedivy R, Pothoulakis C, Hamilton G, Zacherl J,
Bischof G, Cosentini E, Feil W, Schiessel R, LaMont JT. Clostridium difficile toxin B is more potent than toxin A in damaging human colonic epithelium in vitro. J Clin Invest 1995;
95: 2004-2011
Navaneethan U, Giannella RA. Mechanisms of infectious
diarrhea. Nat Clin Pract Gastroenterol Hepatol 2008; 5: 637-647
LaMont JT, Trnka YM. Therapeutic implications of Clostrid-

WJG|www.wjgnet.com

24
25
26

27
28
29

30

31
32

33
34
35
36
37
38
39

40

41

42

4902

ium difficile toxin during relapse of chronic inflammatory
bowel disease. Lancet 1980; 1: 381-383
Bolton RP, Sherriff RJ, Read AE. Clostridium difficile associated diarrhoea: a role in inflammatory bowel disease? Lancet
1980; 1: 383-384
Trnka YM, LaMont JT. Association of Clostridium difficile
toxin with symptomatic relapse of chronic inflammatory
bowel disease. Gastroenterology 1981; 80: 693-696
Meyers S, Mayer L, Bottone E, Desmond E, Janowitz HD.
Occurrence of Clostridium difficile toxin during the course
of inflammatory bowel disease. Gastroenterology 1981; 80:
697-670
Keighley MR, Youngs D, Johnson M, Allan RN, Burdon
DW. Clostridium difficile toxin in acute diarrhoea complicating inflammatory bowel disease. Gut 1982; 23: 410-414
Rolny P, Järnerot G, Möllby R. Occurrence of Clostridium
difficile toxin in inflammatory bowel disease. Scand J Gastroenterol 1983; 18: 61-64
Meyer AM, Ramzan NN, Loftus EV Jr, Heigh RI, Leighton
JA. The diagnostic yield of stool pathogen studies during
relapses of inflammatory bowel disease. J Clin Gastroenterol
2004; 38: 772-775
Mylonaki M, Langmead L, Pantes A, Johnson F, Rampton
DS. Enteric infection in relapse of inflammatory bowel disease: importance of microbiological examination of stool. Eur
J Gastroenterol Hepatol 2004; 16: 775-778
Pascarella F, Martinelli M, Miele E, Del Pezzo M, Roscetto E,
Staiano A. Impact of Clostridium difficile infection on pediatric inflammatory bowel disease. J Pediatr 2009; 154: 854-858
Clayton EM, Rea MC, Shanahan F, Quigley EM, Kiely B, Hill
C, Ross RP. The vexed relationship between Clostridium difficile and inflammatory bowel disease: an assessment of carriage in an outpatient setting among patients in remission.
Am J Gastroenterol 2009; 104: 1162-1169
Kariv R, Navaneethan U, Lopez R, Shen B. Impact of Clostridium difficile infection in patients with Ulcerative colitis. J
Crohns Colitis 2011; In press
Gerding DN, Johnson S, Peterson LR, Mulligan ME, Silva J
Jr. Clostridium difficile-associated diarrhea and colitis. Infect
Control Hosp Epidemiol 1995; 16: 459-477
Bignardi GE. Risk factors for Clostridium difficile infection.
J Hosp Infect 1998; 40: 1-15
Ambrose N. The effects of single doses of antibiotics on fecal
flora with a reference to their mode of excretion. J Drug Dev
1989; 1: 233-241
Bartlett JG. Clinical practice. Antibiotic-associated diarrhea.
N Engl J Med 2002; 346: 334-339
Sunenshine RH, McDonald LC. Clostridium difficile-associated disease: new challenges from an established pathogen.
Cleve Clin J Med 2006; 73: 187-197
Gaynes R, Rimland D, Killum E, Lowery HK, Johnson TM
2nd, Killgore G, Tenover FC. Outbreak of Clostridium difficile infection in a long-term care facility: association with
gatifloxacin use. Clin Infect Dis 2004; 38: 640-645
Pépin J, Saheb N, Coulombe MA, Alary ME, Corriveau
MP, Authier S, Leblanc M, Rivard G, Bettez M, Primeau V,
Nguyen M, Jacob CE, Lanthier L. Emergence of fluoroquinolones as the predominant risk factor for Clostridium difficileassociated diarrhea: a cohort study during an epidemic in
Quebec. Clin Infect Dis 2005; 41: 1254-1260
Loo VG, Poirier L, Miller MA, Oughton M, Libman MD,
Michaud S, Bourgault AM, Nguyen T, Frenette C, Kelly M,
Vibien A, Brassard P, Fenn S, Dewar K, Hudson TJ, Horn
R, René P, Monczak Y, Dascal A. A predominantly clonal
multi-institutional outbreak of Clostridium difficile-associated diarrhea with high morbidity and mortality. N Engl J Med
2005; 353: 2442-2449
Bossuyt P, Verhaegen J, Van Assche G, Rutgeerts P, Vermeire S. Increasing incidence of Clostridium difficile-associated diarrhea in inflammatory bowel disease. J Crohns Colitis
2009; 3: 4-7

October 21, 2010|Volume 16|Issue 39|

Navaneethan U et al . Clostridium difficile and IBD
43
44

45

46
47

48

49
50
51

52
53

54
55
56

57

58
59
60
61
62
63

Anand A, Glatt AE. Clostridium difficile infection associated
with antineoplastic chemotherapy: a review. Clin Infect Dis
1993; 17: 109-113
Gellad ZF, Alexander BD, Liu JK, Griffith BC, Meyer AM,
Johnson JL, Muir AJ. Severity of Clostridium difficile-associated diarrhea in solid organ transplant patients. Transpl
Infect Dis 2007; 9: 276-280
Hardt C, Berns T, Treder W, Dumoulin FL. Univariate and
multivariate analysis of risk factors for severe Clostridium
difficile-associated diarrhoea: importance of co-morbidity
and serum C-reactive protein. World J Gastroenterol 2008; 14:
4338-4341
Borriello SP. The influence of the normal flora on Clostridium difficile colonisation of the gut. Ann Med 1990; 22: 61-67
Choudhry MN, Soran H, Ziglam HM. Overuse and inappropriate prescribing of proton pump inhibitors in patients
with Clostridium difficile-associated disease. QJM 2008; 101:
445-448
Arif M, Weber LR, Knox JF, Skaros S, Issa M, Emmons J, Lundeen S, Otterson MF, Binion DG. Patterns of proton pump
inhibitor use in inflammatory bowel disease and concomitant
risk of Clostridium difficile infection. Gastroenterology 2007;
132: A513 (Abstract)
Kelly CP. A 76-year-old man with recurrent Clostridium
difficile-associated diarrhea: review of C. difficile infection.
JAMA 2009; 301: 954-962
Epple HJ. Therapy- and non-therapy-dependent infectious
complications in inflammatory bowel disease. Dig Dis 2009;
27: 555-559
Kyne L, Sougioultzis S, McFarland LV, Kelly CP. Underlying disease severity as a major risk factor for nosocomial
Clostridium difficile diarrhea. Infect Control Hosp Epidemiol
2002; 23: 653-659
Kyne L, Warny M, Qamar A, Kelly CP. Association between
antibody response to toxin A and protection against recurrent Clostridium difficile diarrhoea. Lancet 2001; 357: 189-193
Chang JY, Antonopoulos DA, Kalra A, Tonelli A, Khalife
WT, Schmidt TM, Young VB. Decreased diversity of the fecal Microbiome in recurrent Clostridium difficile-associated
diarrhea. J Infect Dis 2008; 197: 435-438
Powell N, Jung SE, Krishnan B. Clostridium difficile infection and inflammatory bowel disease: a marker for disease
extent? Gut 2008; 57: 1183-1184; author reply 1184
Jodorkovsky D, Young Y, Abreu MT. Clinical outcomes of
patients with ulcerative colitis and co-existing Clostridium
difficile infection. Dig Dis Sci 2010; 55: 415-420
Nguyen GC, Laveist TA, Gearhart S, Bayless TM, Brant SR.
Racial and geographic variations in colectomy rates among
hospitalized ulcerative colitis patients. Clin Gastroenterol
Hepatol 2006; 4: 1507-1513
Chiplunker A, Ananthakrishnan AN, Beaulieu DB, Naik AS,
Zadvornova Y, Skaros S, Johnson K, Perera LP, Binion DG,
Issa M. Long-term impact of Clostridium difficile on inflammatory bowel disease. Gastroenterology 2009; 136 (Suppl 1):
S1145
Bartlett JG, Gerding DN. Clinical recognition and diagnosis of Clostridium difficile infection. Clin Infect Dis 2008; 46
Suppl 1: S12-S18
Morris JB, Zollinger RM Jr, Stellato TA. Role of surgery in
antibiotic-induced pseudomembranous enterocolitis. Am J
Surg 1990; 160: 535-539
Morris LL, Villalba MR, Glover JL. Management of pseudomembranous colitis. Am Surg 1994; 60: 548-551; discussion
551-552
Bradley SJ, Weaver DW, Maxwell NP, Bouwman DL. Surgical management of pseudomembranous colitis. Am Surg
1988; 54: 329-332
Tedesco FJ, Barton RW, Alpers DH. Clindamycin-associated
colitis. A prospective study. Ann Intern Med 1974; 81: 429-433
Kawamoto S, Horton KM, Fishman EK. Pseudomembranous colitis: spectrum of imaging findings with clinical and

WJG|www.wjgnet.com

64
65
66
67
68

69

70
71

72
73

74

75

76
77

78

79
80
81
82
83
84

85

4903

pathologic correlation. Radiographics 1999; 19: 887-897
Fekety R, Shah AB. Diagnosis and treatment of Clostridium
difficile colitis. JAMA 1993; 269: 71-75
Kelly CP, LaMont JT. Clostridium difficile infection. Annu
Rev Med 1998; 49: 375-390
Ananthakrishnan AN, Issa M, Binion DG. Clostridium difficile and inflammatory bowel disease. Med Clin North Am
2010; 94: 135-153
Delmée M, Van Broeck J, Simon A, Janssens M, Avesani V.
Laboratory diagnosis of Clostridium difficile-associated diarrhoea: a plea for culture. J Med Microbiol 2005; 54: 187-191
Shanholtzer CJ, Willard KE, Holter JJ, Olson MM, Gerding
DN, Peterson LR. Comparison of the VIDAS Clostridium
difficile toxin A immunoassay with C. difficile culture and
cytotoxin and latex tests. J Clin Microbiol 1992; 30: 1837-1840
O'Connor D, Hynes P, Cormican M, Collins E, CorbettFeeney G, Cassidy M. Evaluation of methods for detection of
toxins in specimens of feces submitted for diagnosis of Clostridium difficile-associated diarrhea. J Clin Microbiol 2001; 39:
2846-2849
Manabe YC, Vinetz JM, Moore RD, Merz C, Charache P,
Bartlett JG. Clostridium difficile colitis: an efficient clinical
approach to diagnosis. Ann Intern Med 1995; 123: 835-840
Ticehurst JR, Aird DZ, Dam LM, Borek AP, Hargrove JT,
Carroll KC. Effective detection of toxigenic Clostridium difficile by a two-step algorithm including tests for antigen and
cytotoxin. J Clin Microbiol 2006; 44: 1145-1149
Wilkins TD, Lyerly DM. Clostridium difficile testing: after
20 years, still challenging. J Clin Microbiol 2003; 41: 531-534
Barbut F, Kajzer C, Planas N, Petit JC. Comparison of three
enzyme immunoassays, a cytotoxicity assay, and toxigenic
culture for diagnosis of Clostridium difficile-associated diarrhea. J Clin Microbiol 1993; 31: 963-967
Merz CS, Kramer C, Forman M, Gluck L, Mills K, Senft
K, Steiman I, Wallace N, Charache P. Comparison of four
commercially available rapid enzyme immunoassays with
cytotoxin assay for detection of Clostridium difficile toxin(s)
from stool specimens. J Clin Microbiol 1994; 32: 1142-1147
Whittier S, Shapiro DS, Kelly WF, Walden TP, Wait KJ,
McMillon LT, Gilligan PH. Evaluation of four commercially
available enzyme immunoassays for laboratory diagnosis
of Clostridium difficile-associated diseases. J Clin Microbiol
1993; 31: 2861-2865
National Clostridium difficile Standards Group: Report to
the Department of Health. J Hosp Infect 2004; 56 Suppl 1: 1-38
Morelli MS, Rouster SD, Giannella RA, Sherman KE. Clinical application of polymerase chain reaction to diagnose
Clostridium difficile in hospitalized patients with diarrhea.
Clin Gastroenterol Hepatol 2004; 2: 669-674
Alonso R, Muñoz C, Gros S, García de Viedma D, Peláez T,
Bouza E. Rapid detection of toxigenic Clostridium difficile
from stool samples by a nested PCR of toxin B gene. J Hosp
Infect 1999; 41: 145-149
Walley T, Milson D. Loperamide related toxic megacolon in
Clostridium difficile colitis. Postgrad Med J 1990; 66: 582
Kelly CP, LaMont JT. Treatment of Clostridium difficile
diarrhea and colitis. In: Wolfe MM, editor. Therapy of Digestive Disorders. Philadelphia: WB Saunders, 2000: 513-522
Zimmerman MJ, Bak A, Sutherland LR. Review article:
treatment of Clostridium difficile infection. Aliment Pharmacol Ther 1997; 11: 1003-1012
Nelson R. Antibiotic treatment for Clostridium difficile-associated diarrhea in adults. Cochrane Database Syst Rev 2007;
CD004610
Miller MA. Clinical management of Clostridium difficileassociated disease. Clin Infect Dis 2007; 45 Suppl 2: S122-S128
Zar FA, Bakkanagari SR, Moorthi KM, Davis MB. A comparison of vancomycin and metronidazole for the treatment
of Clostridium difficile-associated diarrhea, stratified by disease severity. Clin Infect Dis 2007; 45: 302-307
Miller M, Mullane KM, Weiss K, Lentnek A, Golan Y, Gor-

October 21, 2010|Volume 16|Issue 39|

Navaneethan U et al . Clostridium difficile and IBD

86
87

88
89
90

91

92
93
94
95

96
97
98

99

bach S, Sears P, Shue Y, Louie TJ. Opt-80 Versus Vancomycin
in Clostridium difficile Infection: Results of a Randomized
Clinical Trial. Gastroenterology 2009; 136 (Suppl 1): A115 (Abstract)
McFarland LV. Renewed interest in a difficult disease: Clostridium difficile infections--epidemiology and current treatment strategies. Curr Opin Gastroenterol 2009; 25: 24-35
Issa M, Weber LR, Skaros S, Beaulieu DB, Emmons J, Knox
JF, Lundeen S, Otterson MF, Binion DG. Decreasing rates of
colectomy despite high rates of hospitalization in clostridium difficile infected IBD patients: a tertiary referral center
experience. Gastroenterology 2007; 132: A663 (Abstract)
Issa M, Ananthakrishnan AN, Binion DG. Clostridium difficile and inflammatory bowel disease. Inflamm Bowel Dis 2008;
14: 1432-1442
Synnott K, Mealy K, Merry C, Kyne L, Keane C, Quill R.
Timing of surgery for fulminating pseudomembranous colitis. Br J Surg 1998; 85: 229-231
Yanai H, Yun L, Nguyen GC, Lebwohl O, Navaneethan U,
Stone CD, Ghazi L, Moayyedi P, Brooks J, Bernstein CN, BenHorin S. The Practice of North-American Gastroenterologists
in Treating IBD Patients With C. Difficile: Antibiotics Alone or
Combined Antibiotics-Immunomodulators? Inflamm Bowel Dis
2010; In press
Issa M, Weber LR, Brandenburg H, Emmons J, Skaros S,
Knox JF, Beaulieu DB, Binion DG. Rifaximin and treatment
of recurrent Clostridium difficile infection in patients with inflammatory bowel disease. Am J Gastroenterol 2006; 101:S469
Nair S, Yadav D, Corpuz M, Pitchumoni CS. Clostridium difficile colitis: factors influencing treatment failure and relapse--a
prospective evaluation. Am J Gastroenterol 1998; 93: 1873-1876
McFarland LV, Elmer GW, Surawicz CM. Breaking the
cycle: treatment strategies for 163 cases of recurrent Clostridium difficile disease. Am J Gastroenterol 2002; 97: 1769-1775
Maroo S, Lamont JT. Recurrent clostridium difficile. Gastroenterology 2006; 130: 1311-1316
Johnson S, Schriever C, Galang M, Kelly CP, Gerding DN.
Interruption of recurrent Clostridium difficile-associated
diarrhea episodes by serial therapy with vancomycin and
rifaximin. Clin Infect Dis 2007; 44: 846-848
Gerding DN, Muto CA, Owens RC Jr. Treatment of Clostridium difficile infection. Clin Infect Dis 2008; 46 Suppl 1:
S32-S42
Schwan A, Sjölin S, Trottestam U, Aronsson B. Relapsing
Clostridium difficile enterocolitis cured by rectal infusion of
normal faeces. Scand J Infect Dis 1984; 16: 211-215
Tvede M, Rask-Madsen J. Bacteriotherapy for chronic relapsing Clostridium difficile diarrhoea in six patients. Lancet
1989; 1: 1156-1160

100

101
102

103

104
105
106

107
108
109
110
111
112
113

Wang Y, Shen B. Clostridium difficile-associated diarrhea
in Crohn's disease patients with ostomy. Inflamm Bowel Dis
2010; 16: 1-2
Lundeen SJ, Otterson MF, Binion DG, Carman ET, Peppard
WJ. Clostridium difficile enteritis: an early postoperative
complication in inflammatory bowel disease patients after
colectomy. J Gastrointest Surg 2007; 11: 138-142
Tsutaoka B, Hansen J, Johnson D, Holodniy M. Antibioticassociated pseudomembranous enteritis due to Clostridium
difficile. Clin Infect Dis 1994; 18: 982-984
Neut C, Bulois P, Desreumaux P, Membré 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 J
Gastroenterol 2002; 97: 939-946
Apel R, Cohen Z, Andrews CW Jr, McLeod R, Steinhart H,
Odze RD. Prospective evaluation of early morphological
changes in pelvic ileal pouches. Gastroenterology 1994; 107:
435-443
Vince A, O'Grady F, Dawson AM. The development of ileostomy flora. J Infect Dis 1973; 128: 638-641
Voth DE, Ballard JD. Clostridium difficile toxins: mechanism of action and role in disease. Clin Microbiol Rev 2005; 18:
247-263
Kralovich KA, Sacksner J, Karmy-Jones RA, Eggenberger JC.
Pseudomembranous colitis with associated fulminant ileitis
in the defunctionalized limb of a jejunal-ileal bypass. Report
of a case. Dis Colon Rectum 1997; 40: 622-624
Yee HF Jr, Brown RS Jr, Ostroff JW. Fatal Clostridium difficile enteritis after total abdominal colectomy. J Clin Gastroenterol 1996; 22: 45-47
Konda A, Jamil LH, Duffy MC. Clostridium difficile infection: Not only for the colon anymore. Am J Gastroenterol 2008
Sep; 103 (s1): S96-S96 (Abstract)
Mann SD, Pitt J, Springall RG, Thillainayagam AV. Clostridium difficile infection--an unusual cause of refractory
pouchitis: report of a case. Dis Colon Rectum 2003; 46: 267-270
Shen B, Goldblum JR, Hull TL, Remzi FH, Bennett AE, Fazio
VW. Clostridium difficile-associated pouchitis. Dig Dis Sci
2006; 51: 2361-2364
Shen B, Remzi FH, Fazio VW. Fulminant Clostridium
difficile-associated pouchitis with a fatal outcome. Nat Rev
Gastroenterol Hepatol 2009; 6: 492-495
Boland E, Thompson JS. Fulminant Clostridium difficile enteritis after proctocolectomy and ileal pouch-anal anastamosis. Gastroenterol Res Pract 2008; 2008: 985658
Tsironi E, Irving PM, Feakins RM, Rampton DS. "Diversion"
colitis caused by Clostridium difficile infection: report of a
case. Dis Colon Rectum 2006; 49: 1074-1077
S- Editor Wang JL L- Editor O'Neill M

WJG|www.wjgnet.com

4904

E- Editor Lin YP

October 21, 2010|Volume 16|Issue 39|

