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Patients with inflammatory bowel disease (IBD), namely ulcerative colitis (UC) and Crohn’s disease (CD), have worse outcomes
with Clostridium difficile infection (CDI), including increased readmissions, colectomy, and death. Oral vancomycin is recom-
mended for the treatment of severe CDI, while metronidazole is the standard of care for nonsevere infection. We aimed to assess
treatment outcomes of CDI in IBD. We conducted a retrospective observational study of inpatients with CDI and IBD from Jan-
uary 2006 through December 2010. CDI severity was assessed using published criteria. Outcomes included readmission for CDI
within 30 days and 12 weeks, length of stay, colectomy, and death. A total of 114 patients met inclusion criteria (UC, 62; CD, 52).
Thirty-day readmissions were more common among UC than CD patients (24.2% versus 9.6%; P � 0.04). Same-admission colec-
tomy occurred in 27.4% of UC patients and 0% of CD patients (P < 0.01). Severe CDI was more common among UC than CD
patients (32.2% versus 19.4%; P � 0.12) but not statistically significant. Two patients died from CDI-associated complications
(UC, 1; CD, 1). Patients with UC and nonsevere CDI had fewer readmissions and shorter lengths of stay when treated with a van-
comycin-containing regimen compared to those treated with metronidazole (30-day readmissions, 31.0% versus 0% [P � 0.04];
length of stay, 13.62 days versus 6.38 days [P � 0.02]). Patients with UC and nonsevere CDI have fewer readmissions and shorter
lengths of stay when treated with a vancomycin-containing regimen relative to those treated with metronidazole alone. Patients
with ulcerative colitis and CDI should be treated with vancomycin.

Clostridium difficile causes roughly 20% of antibiotic-associated
diarrhea and is responsible for significant morbidity. Its inci-

dence has more than doubled over the past decade (1). Histori-
cally, C. difficile infection (CDI) has been associated with such risk
factors as antibiotic use, immune suppression and dysfunction,
prolonged hospital stays, and advanced age (1–3).

Inflammatory bowel disease (IBD) is generally classified as
Crohn’s disease (CD) or ulcerative colitis (UC), which manifest
with intestinal symptoms, including diarrhea and abdominal
pain. Patients with IBD are particularly susceptible to the effects of
enterocolitic infections, due to underlying alterations in intestinal
immunity coupled with often chronic exposure to immunosup-
pressive therapies. Recent studies have shown that patients with
IBD have an increased incidence of developing CDI, with a 2- to
3-fold increase in patients with Crohn’s disease and a 4- to 7-fold
increase in patients with UC (4–7). Furthermore, patients with
underlying IBD who develop CDI experience longer hospital stays
and higher rates of colectomy and death than subjects without
IBD (5, 8, 9). Consequently, CDI is estimated to have quadrupled
the cost of hospitalizations to greater than $1 billion per year rel-
ative to matched hospitalizations (1, 10). Several agents have been
evaluated for the treatment of CDI, including metronidazole and
vancomycin (11).

A randomized, controlled trial by Zar et al. demonstrated that
vancomycin for the treatment of CDI was associated with im-
proved outcomes in patients meeting criteria for severe CDI, but it
conferred no significant advantage over metronidazole for nonse-
vere disease (12). Notably, patients with IBD were excluded from
this trial, and there are no prospective trials comparing antibiotic
regimens among patients with CDI and underlying IBD. Largely
on the basis of the study by Zar and colleagues, current treatment
guidelines recommend metronidazole for nonsevere CDI and

vancomycin for those meeting criteria for severe CDI (13). Several
scoring systems exist for risk stratification of CDI (14), but none
specifically lists concurrent underlying IBD as sufficient to war-
rant first-line vancomycin. We therefore aimed to assess treat-
ment outcomes of hospitalized patients with CDI and concurrent
IBD stratified by CDI severity in order to optimally inform anti-
biotic selection in this high-risk population.

(This work was presented in part as an oral presentation at
Digestive Disease Week, San Diego, CA, 19 to 22 May 2012.)

MATERIALS AND METHODS
Study design and patient selection. The study was a retrospective, obser-
vational study of patients with CDI and concurrent IBD who were hospi-
talized at Cedars-Sinai Medical Center between 1 January 2006 through
31 December 2010. Cases of CDI were identified from the microbiology
laboratory database, and the study included only confirmed cases based
on either an enzyme-linked immunoassay for toxins A and B (prior to 1
December 2009) or a two-step algorithm with initial glutamate dehydro-
genase (GDH) antigen screening followed by a confirmatory PCR C. dif-
ficile toxin assay for positive screening tests (after 1 December 2009). IBD
cases were identified using hospital discharge ICD9 codes 555.0 through
556.9. A positive C. difficile test was required within 7 days of admission.
Subjects identified as having both CDI and IBD were included for record
review to confirm both CDI and IBD through review of hospital notes,
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gastroenterology consultations, and prior endoscopy, pathology, labora-
tory, and imaging reports to establish a diagnosis of IBD for at least 6
months. In addition, subjects were required to have stool frequency of �3
loose stools in a 24-h period within 48 h of the diagnosis of CDI (9).
Patients who had requested to be excluded from participation in research
studies were not included. The study was approved by our institutional
review board.

Data obtained from medical records included demographics, Montreal
classification for IBD phenotype, comorbidities, antibiotic exposure up to 8
weeks prior to CDI, use of corticosteroids (prednisone, prednisolone, or
budesonide at any dose) at the time of admission, history of malignancy,
active and prior IBD treatments, including biologics, immune modulators,
and 5-aminosalicylic acids (5-ASAs), the pertinent lab values, including
complete cell count, white blood cell (WBC) differential, serum creatinine
and albumin, IBD-associated serologies, colonoscopy or sigmoidoscopy
findings within 1 week of CDI diagnosis, cross-sectional imaging, and
whether ICU admission occurred during the index admission.

CDI treatment was documented and included metronidazole (oral
and/or intravenous) and vancomycin (oral and/or rectal); concomitant
antibiotics were also recorded. Of note, no subjects were treated with
fidaxomicin, stool transplant, or investigational agents for CDI during the
study period. For purposes of analysis, subjects were classified into two
mutually exclusive treatment arms. These included (i) those treated with
metronidazole only and (ii) those who received a vancomycin-containing
regimen, which included receipt of vancomycin alone, concurrent vanco-
mycin and metronidazole, or vancomycin after metronidazole.

Assessment of CDI severity. To define CDI severity, we used criteria
defined by Zar and colleagues, who utilize a point-based system in which
“severe CDI” is defined as 2 or more points and “nonsevere CDI” as less
than 2 points (12). For severity assessment, 2 points each are allocated for
endoscopic evidence of pseudomembranes or intensive care unit (ICU)
admission for CDI. One point is given for each of the following: age of
�60 years, temperature above 38.3°C, serum albumin concentration be-
low 2.5 mg/dl, and a peripheral WBC count of greater than 15,000
cells/mm within 48 h of diagnosis of CDI.

Assessment of efficacy. The primary outcomes for this study included
length of stay at index admission, CDI-related readmission at 30 days and
12 weeks, colectomy at index admission, and death during index admis-
sion. In addition, we assessed “sustained response” and “recurrence.” A
sustained response was defined as a case not having an inpatient readmis-
sion, emergency room visit, or outpatient visit for CDI symptoms for 12
weeks after initial resolution of symptoms. A recurrence was defined as a

readmission for CDI symptoms after an initial response and was mea-
sured at both 30 days and 12 weeks after discharge.

Statistical design and analysis. The primary analyses included assess-
ment of each of the 5 primary treatment outcomes (length of stay, 30-day
and 12-week readmission, colectomy, and death) stratified by CDI sever-
ity (severe or nonsevere), with separate analyses performed for UC and
CD. Missing data were not imputed. Continuous variables were com-
pared using Student’s t test, and categorical variables were compared us-
ing chi-square or Fisher’s exact test. JMP version 9 (SAS Institute, Cary,
NC), R statistical software (R Development Core Team, General Public
License), and Stata SE (Stata Corp., College Station, TX) were used for the
analysis.

RESULTS
Demographics. We identified 5,120 subjects hospitalized with
CDI during the study period; of these, 114 patients were identified
as having underlying IBD and CDI as a primary reason for admis-
sion. Sixty-two patients carried a diagnosis of UC, and 52 had CD
(Table 1). The average ages at the time of CDI diagnosis were 42.1
years for those patients with UC and 38.5 years for those with CD.
Males comprised 36% of UC patients and 60% of CD patients
(P � 0.02). Overall, 30 patients (26%) had severe disease, and 84
had nonsevere disease (Table 2). Fifty-five percent of UC patients
and 38% of CD patients (P � 0.21) had antibiotic exposure within
8 weeks of developing CDI. Thirty-two percent of UC patients met
criteria for severe CDI compared to 19% of CD patients (P �
0.12). Regarding IBD colonic involvement, as expected, 100% of
UC patients had colonic involvement compared to 14% of CD
patients. Fifty-two percent of UC patients were taking steroids
(systemic and/or topical) at the time of admission for CDI com-
pared to 27% of CD patients (P � 0.01). Similar percentages of
patients with UC and CD were taking immune modulators
(27.4% versus 26.9%; P � 0.42) and biologics (P � 0.38) at the
time of admission. More patients with UC were using 5-ASA ther-
apy than CD patients on admission (48.4% versus 25%; P � 0.02).

Overall outcomes of CDI for UC versus CD. Patients with UC
had significantly higher rates of readmission than those with CD at
30 days (24% versus 10%; P � 0.04) and at 12 weeks (29% versus
13%; P � 0.04) (Fig. 1). The lengths of stay at the index admission
were 12.39 days for patients with UC and 9.44 days for those with
CD (P � 0.44). Colectomy during index admission occurred in
27.4% of UC patients compared to 0% of CD patients (P � 0.01).
Death occurred in 2.0% (n � 1) of UC patients and 2% (n � 1) of
CD patients (P � 1.00).

Treatment. Sixty-three percent of patients with UC and 64%
of patients with CD who had CDI were treated with metronidazole
alone, and 36% of those with UC and 29% of those with CD
received a vancomycin-containing regimen (Table 3). Among
these, only 8 patients with UC and 3 with CD received vancomycin
alone. A switch in treatment from metronidazole to vancomycin

TABLE 1 Patient characteristics at the time of index admission

Condition (n)

Avg
age
(yr)

% (no.) of patients

Male

Antibiotic
exposure
within 8 wk

Severe
CDIa

Steroid
exposurea

Ulcerative colitis (67) 43.4 38.8 (26) 55.2 (37) 34.2 (23) 50.7 (34)
Crohn’s disease (58) 40.4 60.3 (35) 44.8 (26) 19.0 (11) 24.1 (14)
a P � 0.05.

TABLE 2 Criteria for classification of C. difficile severitya

Disease classification
(no. of patients)

No. (%) of patients with:

WBC count of
�15,000

Albumin concn
of �2.5 mg/dl,

Temp of
�38.3°C

Age of
�60 yr

ICU
admission Pseudomembrane(s)

Severe (30) 10 (33.3) 7 (23.3) 16 (53.5) 14 (46.7) 7 (23.3) 4 (13.3)
Nonsevere (84) 6 (7.1) 2 (2.4) 8 (9.5) 4 (4.8) 0 (0) 0 (0)
a Per reference 12. Severity was scored as follows (with 2 points or more indicating severe disease): 1 point for a WBC count of �15,000 cells/mm within 48 h of diagnosis, age of
�60 years, temperature of �38.3°C (100.94°F), and albumin concentration of �2.5 mg/dl; 2 points for endoscopic evidence of pseudomembranes. In addition, 1 point was given
for ICU admission due to CDI.
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occurred in 15% of UC patients and 15% of CD patients. No
patients switched from vancomycin to metronidazole. A total of
1.6% (1) of UC patients and 7.7% (4) of CD patients received no
treatment for a variety of reasons discussed below.

Outcomes by severity and treatment regimen in CDI. (i)
Crohn’s disease with severe C. difficile infection. Ten of 52 pa-
tients with CD met criteria for severe CDI. Five patients were
treated with metronidazole alone, and 5 were treated with a van-
comycin-containing regimen. Treatment regimen was not associ-
ated with significant differences for readmission at 12 weeks and
30 days, colectomy, or death (Fig. 2A). The length of stay was 9.2
days for the metronidazole-only regimen group compared to 12.0
days for the vancomycin-containing regimen (P � 0.30).

(ii) Crohn’s disease with nonsevere C. difficile infection.
There were 38 patients with CD and CDI who did not meet criteria
for severe disease. Three patients were discharged or transferred
prior to initiation of therapy, and one declined treatment. When
stratified by treatment regimen, there were no significant differ-
ences for readmissions at 30 days or 12 weeks. There were no
colectomies or deaths in this group (Fig. 2B). The lengths of stay
were 9.4 days for those treated with metronidazole alone and 9.8
days for those treated with a vancomycin-containing regimen
(P � 0.85).

(iii) Ulcerative colitis and severe C difficile infection. A total
of 20 out of 62 patients had UC and severe CDI. Ten were treated
with metronidazole alone, while 9 received a vancomycin-con-
taining regimen. One patient did not receive treatment. At 12
weeks, 7 of the 10 (70%) metronidazole-treated patients had been
readmitted, and none of those treated with vancomycin were re-
admitted (P � 0.03). At 30 days, 6 of the 10 (60%) metronidazole-
treated patients had been readmitted, and none of the vancomy-
cin-treated patients was readmitted P � 0.1.

The mean hospital lengths of stay were 11.4 days for patients
treated with metronidazole alone and 19.0 days for those who
received a vancomycin-containing regimen (P � 0.06). Rates of
colectomy were similar among treatment groups, comprising 5 of
10 (50%) patients who had received metronidazole alone and 3
of 9 (33%) patients who had received a vancomycin-containing
regimen (P � 0.650) (Fig. 2C). There was one death in the vanco-
mycin-treated group, and there were no deaths in the metronida-
zole-treated group.

(iv) Ulcerative colitis and nonsevere C. difficile infection.
There were 42 patients with UC and nonsevere CDI. Twenty-nine

were treated with metronidazole alone, and 13 were treated with a
vancomycin-containing regimen. Readmission at 30 days was
31% for patients treated with metronidazole alone; there was 0%
readmission for those treated with a vancomycin-containing reg-
imen. (P � 0.04) At 12 weeks, readmission for the metronidazole-
alone group was 31% relative to 15.4%for the vancomycin-treated
group (P � 0.45). The colectomy rates during the index admission
were 24% in the metronidazole-only-treated group and 15%
among those treated with vancomycin (P � 0.70) (Fig. 2D). There
were no deaths among those with UC and nonsevere CDI. The
lengths of stay were 13.62 days and.6.4 days for patients treated
with metronidazole alone and vancomycin-treated patients, re-
spectively (P � 0.02) (Fig. 3).

(v) Steroid use. At the time of admission, 40.4% of all patients
were receiving oral corticosteroids. Forty percent of patients using
steroids met criteria for severe disease compared to 20.0% of those
not using steroids at the time of admission (P � 0.04). Twenty-
eight percent of patients on steroids at the time of index admission
were readmitted at 12 weeks compared to 16% of those not on
steroids (P � 0.09). Readmission rates at 30 days were 29% for
patients on steroids compared to 8% for those not on steroids
(P � 0.01). Colectomy during index admission occurred in 32%
of patients on steroids at the time of admission compared to 6% of
those not on steroids (P � 0.01). Of the 4 patients who died during
the study period, 2 were on steroids at the time of admission. The
lengths of stay were 10.2 days for patients using steroids and 11.0
days for those not on steroids at the time of admission (P � 0.63).

DISCUSSION

Infection with C difficile in IBD appears to be an increasingly im-
portant and expensive problem, with rising rates of infection and
more severe outcomes than those in the non-IBD population (8).
It is unclear whether this is due to altered immunity or genetic
susceptibility (15) and whether treatment responses in patients
with IBD might therefore warrant different considerations than
those without IBD. There is a paucity of data on the most appro-
priate therapeutic regimens for patients with IBD (16), and guide-
lines thus lack evidence to support current recommendations based
on CDI severity that do not separately consider the diagnosis of IBD
in severity criteria. We aimed to retrospectively assess outcomes of
hospitalized patients with IBD stratified by CDI disease severity who
were treated with metronidazole versus vancomycin.

FIG 1 Outcomes of C. difficile infection for Crohn’s disease versus ulcerative
colitis. Readmit, readmission; NS, not significant.

TABLE 3 Treatment regimens for C. difficile infection among
hospitalized patients with ulcerative colitis and Crohn’s disease

Treatment

% (no.) of patients witha:

Ulcerative colitis
(n � 67)

Crohn’s disease
(n � 58)

Metronidazole only 64.2 (43) 62.1 (36)

Vancomycin-containing regimen 34.3 (23) 29.3 (17)
Vancomycin only 11.9 (8) 7 (4)
Vancomycin with

metronidazole
7.4 (5) 8.6 (5)

Initial metronidazole switched
to vancomycin

14.9 (10) 13.8 (8)

None 1.5 (1) 8.6 (4)
a There were no significant differences between ulcerative colitis and Crohn’s disease
results.
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Our study has several important findings. First, we found that
outcomes among vancomycin-treated patients with UC are better
than those treated with metronidazole alone, regardless of
whether criteria for severity are fulfilled. Specifically, vancomycin-
treated subjects had significantly reduced rates of readmission and
decreased length of stay with nonsevere infection. This suggests
that patients with ulcerative colitis should be treated with a van-
comycin-containing regimen, irrespective of whether criteria for
severe disease are fulfilled. In contrast, treatment regimen does
not appear to be clearly associated with differences in outcomes
among patients with CD and nonsevere CDI, suggesting that
treatment with metronidazole in this population may be appro-
priate. Second, we found that colectomy during the index admis-
sion was significantly greater among patients with UC than among
those with Crohn’s disease, further demonstrating the importance
of more aggressive treatment of patients with UC. Third, we found

that the use of corticosteroids at the time of admission in patients
with ulcerative colitis and C. difficile was associated with double
the risk for severe CDI, triple the risk of readmission at 30 days,
and a 4-fold risk for colectomy compared to the risk in patients
not on corticosteroids at the time of admission. Furthermore, risk
of colectomy was higher among patients treated with corticoste-
roids regardless of CDI severity.

Finally, we found that the demographics, traditional risk fac-
tors, and outcomes for CDI in our hospitalized IBD population
differ from published data for patients without IBD but are similar
to those in other published IBD cohorts (5, 6, 12). Notably, our
patients with IBD and concurrent CDI were on average younger
(42 years) than published statistics for hospitalized patients with-
out IBD (58 to 72 years) (6, 17), and only 45% of our subjects had
recent antibiotic exposure, which is somewhat less than published
rates of 60 to 80% in the non-IBD population (1, 4, 10). Impor-
tantly, our IBD population had increased rates of severe CDI rel-
ative to published rates for patients without IBD and associated
increased rates of readmission and colectomy. The 30-day read-
mission rate for CDI was 24% among patients with UC, which is
much higher than published rates of 3 to 9% reported for non-
IBD patients (9, 10). Colectomy occurred in no patients with CD
but in 27.4% of patients with UC during the index admission,
which is much higher than rates reported in non-IBD patients (0.4
to 2%) (12, 17). Death occurred in 2% of patients overall in our
study. This is higher than mortality rates in non-IBD patients with
CDI (�1%); however, it is consistent with literature showing in-
creased mortality in IBD patients with CDI as high as 5% (6, 8, 10).

Steroid use appears to be associated with worse outcomes, in-
cluding significantly increased rates of severe CDI, 30-day read-
missions, and colectomy compared to those in patients not on

FIG 2 Outcomes by antibiotic grouping stratified by severity. (A) Severe CDI, Crohn’s disease; (B) nonsevere CDI, Crohn’s disease; (C) severe CDI, ulcerative
colitis; (D) nonsevere CDI, ulcerative colitis. MTZ, metronidazole; VANC, vancomycin; NS, not significant.

FIG 3 Antibiotic selection in C. difficile infection and effects on length of stay
(LOS) in patients with Crohn’s disease and ulcerative colitis. MTZ, metroni-
dazole; VANC, vancomycin.
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steroids at the time of admission. It is unclear why patients on
steroids have worse outcomes when they develop CDI. Whether
this is due to increased immune suppression and risk for systemic
infection or is a marker of severe underlying IBD deserves further
investigation.

Assessments of the relative efficacy of metronidazole versus
vancomycin warrant discussion of antimicrobial resistance, cost,
and tolerability. While C. difficile resistance to vancomycin is rare,
the potential for the emergence of vancomycin-resistant entero-
coccus and other pathogens may be important (13). Furthermore,
given that vancomycin is significantly more expensive than gener-
ically available metronidazole, it has typically been relegated to
second-line therapy (for those who fail or are intolerant of metro-
nidazole) or reserved for severe CDI infection in various CDI
treatment guidelines and hospital formularies. However, cost dif-
ferences may be less relevant when compounded oral formula-
tions of parenteral vancomycin are used, which may be effective
against CDI. These cost differences may be offset by significant
reductions in length of stay that were identified among patients
with ulcerative colitis and nonsevere CDI and thus may warrant
further evaluation of cost-effectiveness.

Our colectomy rate of 27% is much higher than rates reported
in population-based and multicenter studies, which range from 5
to 12% in patients with IBD (8, 18, 19). In contrast, studies per-
formed at tertiary care centers have demonstrated much higher
rates of colectomy, ranging from 36 to 44% at 1 year (20–22).
Thus, our colectomy rate is consistent with these reports but may
limit the generalizability of our findings to similar tertiary care
hospitals.

There are several limitations to our study. First, few patients
received vancomycin as a single, first-line agent due to existing
guidelines and our hospital policy that limits the use of vancomy-
cin. We therefore combined vancomycin-containing regimens,
including for patients who failed metronidazole and were
switched to vancomycin, a group for whom outcomes might be
expected to be worse given failure of first-line therapy. Although
we demonstrated improved length of stay and 30-day readmission
among patients with nonsevere UC treated with a vancomycin-
containing regimen, we did not find a statistically significant im-
provement in the harder endpoints of colectomy or death. Sec-
ond, we were unable to clearly distinguish IBD flare from CDI,
which raises uncertainty as to whether readmissions or even co-
lectomies were due to refractory or relapsing CDI or underlying
IBD. Our institutional policy (consistent with Infectious Diseases
Society of America [IDSA] guidelines) (13) discourages recheck-
ing for CDI infection within 30 days of a positive test, given the
possibility of testing positive for a resolving infection even after a
course of therapy. However, we required that readmissions with-
out a toxin-positive confirmation of CDI be associated with symp-
toms of diarrhea, with at least 3 loose bowel movements daily.
Third, given the open nature of our health care system, we were
unable to assess outcomes (readmission, colectomy, and death)
that occurred outside our institution. Fourth, the higher rates of
colectomy among patients with UC relative to CD may intuitively
reflect the presence of underlying colonic versus small bowel dis-
ease and potentially reflect the clinical recommendation for a “cu-
rative” colectomy in a patient with UC and concurrent CDI that
might not apply to a patient with Crohn’s disease. We were unable
to discern outcomes among patients with Crohn’s disease primar-
ily involving the colon relative to those without significant colonic

involvement, given the low numbers of subjects in the former
group (n � 6). However, we would speculate that extensive co-
lonic Crohn’s is likely associated with worse CDI and might ap-
proach outcomes similar to UC. Interestingly, we found that pa-
tients with UC and severe CDI had a longer length of stay when
treated with vancomycin compared to metronidazole. Although
these results were not statistically significant (P � 0.06), they were
intriguing and at a glance provide some contradiction of our main
conclusions that vancomycin is superior to metronidazole in these
patients. A likely explanation is that in our study, patients with
severe CDI were more often initially treated with metronidazole
and then switched to vancomycin, usually as a result of worsening
disease. However, because we decided this switch was considered
part of a “vancomycin-containing regimen,” similar to those for
patients initially treated with vancomycin alone and those treated
with both vancomycin and metronidazole, this may overestimate
the illness and eventual length of stay for this patient population.
Finally, we did not assess treatment with alternative therapies,
including fidaxomicin, which was approved for CDI after the con-
clusion of our study period, rifaximin (23), or fecal microbacterial
therapy (24), which is considered experimental.

Despite these limitations, our study represents one of the larg-
est retrospective analyses of CDI treatment outcomes in IBD pa-
tients. We demonstrate that there may be an association between
vancomycin treatment and reduced length of stay and readmis-
sion rates among patients with nonsevere CDI relative to those
treated with metronidazole. On this basis, we believe a prospective
trial is warranted to evaluate CDI therapy in patients with IBD,
particularly those with UC. Until such a trial can be conducted, we
recommend vancomycin as the treatment for CDI among patients
with UC.
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