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Abstract

Objective
Increased prevalence of Clostridium difficile infection (CDI) in pediatric Inflammatory Bowel Disease (IBD) has been reported, primarily using stool toxin assay. Stool Polymerase Chain Reaction (PCR) testing for CDI has replaced toxin assay due to the higher sensitivity and specificity. No pediatric study has reviewed exclusive PCR testing to report CDI in
IBD patients. Objective of this study is to analyze demographic and clinical features in IBD patient’s age 18 years and less, including Crohn’s disease (CD) or ulcerative colitis (UC) who had CDI diagnosed by PCR at a tertiary children’s hospital.

Materials and Methods

IBD patients with CDI were identified retrospectively from October, 2010 - June, 2014. Patients’ demographics, IBD characteristics and
treatment, treatment of CDI, response and recurrence were recorded. Comparisons between groups were analyzed using non-parametric
tests.
Results
Forty three CD and 27 UC patients with CDI were identified. CDI presentation was abdominal cramping, diarrhea with or without bleeding. Higher percentage of CDI in CD 28/43 (65%) did not have gross bleeding compared to 11/27 (41%) UC (p= 0.05). Significantly
higher proportion of CD versus UC patients was on Infliximab. Majority of patients (64/70; 91%) received metronidazole.

Conclusions

CDI should be considered while evaluating pediatric patients with IBD flare up. Absence of blood in stool does not rule out CDI. CD patients on infliximab had a significantly higher proportion of CDI in our study. Most patients responded to metronidazole in both groups.
Future studies are needed to evaluate risk of CDI associated with biologic therapy.

Key Words Polymerase Chain Reaction, Pediatrics, Inflammatory Bowel Disease, Clostridium Difficile Infection, Crohn’s Disease,
Ulcerative Colitis
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Introduction

Clostridium difficile is gram-positive, cytotoxin producing anaerobic bacterium that may cause colonization or infection in
the human host. An increased prevalence of Clostridium difficile
infection (CDI) in pediatric Inflammatory Bowel Disease (IBD)
has been reported in various studies (1-3), primarily diagnosed by
stool toxin assay (1, 4). Although some risk factors for CDI have
been reported consistently in adult IBD study including recent antibiotic use and recurrent hospitalizations (5), there are no consistent risk factors reported in pediatric studies. The epidemiology
of C. difficile infection in children has changed dramatically in
last decade. Report from the Centers for Disease Control and Prevention conclude that patients with no previously documented risk
factors are now at increasing risk of CDI with higher morbidity
and mortality (6). A recent study has suggested that prevalence of
CDI is higher in children with IBD than those without IBD ( 24.7
% vs. 8.9%) and the inflammatory disease activity is significantly
greater in CDI patients than uninfected patients (7) .
All pediatric studies thus far reported in the literature are based
on detection of stool toxins although some of them have included cases diagnosed by both toxin and Polymerase Chain Reaction
(PCR). To our knowledge, no study has exclusively reviewed the
use of the PCR technique to detect pediatric CDI in IBD patients.
In many institutions, PCR testing of stool for CDI has replaced the
toxin assay due to the higher sensitivity and specificity (8).
Our primary aim was to analyze demographic and clinical features
of CDI in IBD patients aged ≤18 years, including Crohn’s disease
(CD) and Ulcerative colitis (UC), at a tertiary children’s hospital
in Detroit, MI.

Methods

This was a retrospective, single center cohort study. We included
pediatric IBD patients aged ≤ 18 years who had CDI diagnosed
by PCR from the hospital billing system and departmental database from October 1, 2010 - June 30, 2014. IBD was categorized
either as CD or UC. Indeterminate colitis were categorized as per
their treatment category either as UC or CD. CDI was defined as
presence of symptoms (namely diarrhea) and a positive stool test
(PCR) result (9). We excluded patients who were diagnosed outside of our health system to assure PCR as an exclusive method
of diagnosis. We defined recurrence of CDI as an episode of CDI
that occurs within 8 weeks after the onset of previous episode,
provided that symptoms resolved in the interim and repeat PCR
testing is positive in similar timeframe (10). Demographic information of patients including age, gender, race and ethnicity were
recorded. IBD characteristics, disease location, treatment regimen,
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use of steroid and biologic therapy at the time of diagnosis of CDI,
response to treatment and recurrence were recorded. The study
was approved by the Wayne State University Institutional Review
Board.

Results

Statistical Analysis
Data were summarized using means, standard deviations and proportions. Comparisons between CD and UC groups were analyzed
using a non-parametric Fisher’s Exact Chi-square and Mann Whitney U test. Statistical significance was determined by the use of a
two tailed test with p-value ≤0.05. All statistical procedures were
conducted using SPSS Version 22.0, IBM, Inc.
General and baseline IBD characteristics and treatment
General characteristics of IBD and patient demographics are summarized in Table 1. Seventy patients with IBD and CDI were identified. Of these 70 patients, 34/70 patients (48%) were inpatients,
32/70 (46%) were outpatient, and 4/70 (6%) were diagnosed in
the emergency department (ED). Mean age of initial IBD diagnosis was 13.0±10.9 years and current CDI diagnosis was 15.0±3.7
years. Of the IBD patients, 43/70 (61%) had CD and 27/70 (39%)
had UC. Bowel involvement was recorded from biopsy results at
the time of initial diagnosis of IBD and not at the time of CDI diagnosis. In regard to primary disease gut involvement prior to CDI,
22 out of 43 (51%) of CD patients had small and large bowel involvement, 18 with only large bowel (42%) and 1 with only small
bowel (2%) involvement. Data on two patients were not available
to report for disease location. Out of 27 UC patients, 18 patients
(66%) had pancolitis and 8 patients (30%) had left sided colitis.
Information was not available for one patient (4%).
Thirty-four of 43 CD patients (79%) were on 5-aminosalycylic
acid derivatives as opposed to 25/27 (93%) in UC group. Twenty
one patients were receiving biologic treatment (21/70, 30%) including infliximab and adalimumab (15 CD vs. 6 UC; p=0.34).
In CD patients, 14 were on infliximab (14/43, 33%) and 1 was on
adalimumab (1/43, 2%) as opposed to the UC group where 3 patients were on infliximab (3/27, 11%) and 3 were on adalimumab
(3/27, 11%). This finding was statistically significant (p = 0.05).
Eighteen of 43 patients in the CD group (18/43, 42%) were on
immunomodulator therapy; 13 were on azathioprine (13/18, 72%)
and 5 on methotrexate (5/18, 28%). Twelve patients out of 27 in
the UC group (44%) were on immunomodulators including 11 on
azathioprine (11/12, 92%) and 1 on methotrexate (1/12, 8%). Demographics, IBD characteristics and treatment with various agents
(methotrexate, prednisone, azathioprine and mesalamine) did not
vary significantly between IBD groups.
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CD
Sex

UC

P value
0.34

Male

23 (53%)

11 (41%)

Female

20 (47%)

16 (59%)

African

16 (37%)

8 (35%)

American
Caucasian

24 (56%)

10(43%)

Middle

3 (7%)

3 (13%)

Eastern
Asian

0(0%)

2 (9%)

No

9 (21%)

9 (35%)

Yes

33 (79 %)

17 (65%)

No

41 (98%)

19 (70%)

Yes

1 (2%)

8 (30 %)

infliximab

14 (93%)

3 (50 %)

adalimumab

1 (7%)

3 (50%)

No

23 (56%)

15 (56%)

Yes

18 (44%)

12 (44 %)

Type of immunomod- methotrexate
ulator
azathioprine

5 (28%)

1 (8 %)

13 (72%)

11 (92 %)

Hospitalizations in
last 5 years

≤3

29 (67%)

20 (74%)

4-8

10 (23%)

5 (19 %)

>8

4 (10%)

2 (7%)

Ethnicity

Mesalamine

Sulphasalazine

Biologics

Immunomodulator

0.01≠

0.38

0.002

0.05

1.00

0.46

0.92≠

Denominators have been changed where one or more variables were unavailable to report
Abbreviations: IBD: Inflammatory bowel disease; CD: Crohn’s Disease; UC: Ulcerative Colitis.
≠Overall comparison P value
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CDI: Disease and treatment characteristics and recurrence

In CD group, 21 of 41 (51%) patients had symptoms of CDI for 1
week or less, 15/41 (37%) for 1- 2 week and 5/41 (12%) for greater than 2 weeks prior to their formal stool PCR test. For the UC
group, these numbers were 15 /27 (56%), 10/27 (37%) and 2/43
(7%) respectively. The main presentation of CDI was abdominal
cramping and diarrhea, with or without gross bleeding. Majority of
patients in both groups (32/43, 74% in CD and 21/27, 78% in UC)
presented without nausea or vomiting. A higher proportion of CDI
in CD patients 28/43 (65%) did not have gross blood noted in the
stool compared to 11/27 (41%) UC patients (p= 0.05).
Sixty-four out of 70 (91%) patients received metronidazole as first
line treatment. Five patient received vancomycin as first line treatment with good response. Data on one patient was unavailable to
report. Majority of patients, 56/64 (88 %), were treated for 1-2
weeks. Six patients (6/64, 9%) were treated for 2-3 weeks and 2
patients (2/64, 3%) were on treatment for more than 3 weeks. A
favorable response to initial metronidazole treatment occurred in
58 (58/64, 90%) patients. A total of six patients (6/64, 9%) did not
respond to initial treatment of metronidazole. We termed them as
a ‘nonresponders’ since those patients did not have interim resolutions of symptoms so could not be defined as recurrence. All
nonresponders were treated with oral vancomycin and 5 out of 6
(83%) responded. One patient (17%) needed vancomycin with a
taper for greater than 3 months and eventually responded with prolonged treatment. CDI treatment agent did not vary to a statistical
significance between the groups.
Although not a common practice, some patients had repeat PCR
testing and were found to have negative PCR in 21/70 (30 %) patients. Most patients did not have repeat PCR testing (48/70, 69%).
Information on one patient was not available.

Out of our cohort, 8 of 70 patients (11%) had recurrence (3 CD
and 5 UC) within 8 weeks with interim resolution of symptomatology. Thirteen patients (19%, 8 CD and 5 UC) had a new CDI
episode after 8 weeks. Out of these 13 patients, 4 were treated with
a repeat metronidazole course, 8 were treated with oral vancomycin and 1 patient required vancomycin with a tapering dose. That
particular patient had multiple relapses later on and subsequently
was treated with a vancomycin tapering treatment and fidaxomicin
and eventually responded. Out of these 13 patients with new CDI,
12 responded on repeat treatment while one was lost to follow
up. This patient was counted as failure of treatment in analyzing
data. There was no mortality recorded secondary to CDI in our
cohort. CDI presentation, treatment and recurrence characteristics
are summarized in Table 2, 3 and 4 respectively.

Risk Factor

Out of 43, 29 CD patients (67%) had 3 or less hospitalizations in
the prior 5 years, 10 (23%) had hospitalizations 4 to 8 times and
4 patients (10%) had more than 8 hospitalizations. Out of 27 UC
patients, 20 patients (74%) had 3 or fewer hospitalizations in last
5 years, 5 patients (19%) had 4 to 8 hospitalizations and 2 patients
(7%) had more than 8 hospitalizations. In the CD group, 36/43
(84%) and in UC group, 23/27 (85%) did not have documented
use of any systemic antibiotic in last 3 months prior to the date of
CDI diagnosis. Antibiotic use, steroid treatment and the number
of prior hospitalizations were not significantly different between
IBD groups. Most of CD (28/43, 65%) and UC (19/26, 73%) patients were not on steroid treatment at the time of CDI diagnosis.
Only 15 patients out of 43 in the CD group (15/43, 35%) and 7 of
26 patients in the UC group (7/26, 27%) were on steroids. Information on 1 UC patients was not available. Steroid use was not
statistically significant between the groups. Co-morbid conditions
associated with these patients are summarized in Table 5.
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Vomiting at presentation

Diarrhea

Blood in stool

Fever

Abdominal pain

CDI Diagnosis site

Systemic antibiotics use
in last 3 months

Duration of symptoms

On steroid at CDI diagnosis

CD

UC

P Value

No

32(74 %)

21(78 %)

1.00

Yes

11(26 %)

6(22 %)

No

8(19 %)

2(8 %)

Yes

35(81 %)

25(92 %)

No

28(65 %)

11(41 %)

Yes

15(35 %)

16(59 %)

No

39(91 %)

24(89 %)

Yes

4(9 %)

3(11 %)

No

3(7 %)

1(4 %)

Yes

40(93 %)

26(96 %)

Inpatient

20(46 %)

14(52 %)

Outpatient

19(44 %)

13(48 %)

ED

4 (10%)

0 (0%)

No

36(84 %)

23(85 %)

Yes

7(16 %)

4(15 %)

≤1 week

21(51 %)

15(56 %)

1-2 weeks

15(37 %)

10(37 %)

No

28(65 %)

19(73 %)

Yes

15(35 %)

7(27 %)

0.29

0.05

1.00

1.00

0.38≠

1.00

0.77≠

0.59

Denominators have been changed where one or more variables were unavailable to report
Abbreviations: CD Crohn’s disease, UC ulcerative colitis, CDI Clostridium difficile infection, ED emergency department
≠Overall comparison P value
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Treatment

Duration of treatment

Improved diarrhea after
treatment

Improved abdominal
pain

metronidazole oral

CD

UC

P Value

34(81 %)

25(93 %)

0.21≠

metronidazole intrave5(12 %)
nous then changed to oral

0(0 %)

vancomycin without
taper

2(5 %)

2(7 %)

vancomycin with taper

1(2 %)

0(0 %)

1-2 weeks

36(90 %)

20(83 %)

2-3 weeks

2(5 %)

4(17 %)

More than 3 wk

2(5 %)

0(0 %)

No

4(11 %)

9(35 %)

Yes

34(89 %)

17(65 %)

No

4(10 %)

7(27 %)

Yes

35(90 %)

19(73 %)

0.25≠

0.023

0.11

Denominators have been changed where one or more variables were unavailable to report
Abbreviations: CD Crohn’s disease, UC ulcerative colitis, CDI Clostridium difficile infection
≠Overall comparison P value
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CD

UC

P value

Recurrence

No
Yes

40(93 %)
3(7 %)

22(81 %)
5(19 %)

0.24

Vomiting at recurrence

No

3(100 %)

4(80 %)

1.00

Yes
No

0(0 %)
2(67 %)

1(20 %)
1(20 %)

0.46

Yes
No

1(33 %)
3(100 %)

4(80 %)
4(80 %)

1.00

Yes

0(0 %)

1(20 %)

No

0(0 %)

1(20 %)

Yes

3(100 %)

4(80 %)

metronidazole oral

1(33 %)

2(40 %)

vancomycin without taper 1(33 %)

1(20 %)

vancomycin with taper

1(33 %)

2(40 %)

2-3 weeks

1(50 %)

2(66 %)

More than 3 weeks

1(50 %)

1(33 %)

No

0(0 %)

1(20 %)

1.00

Yes

3(100 %)

4(80 %)

0.28≠

Negative

1(33 %)

0(0 %)

Positive

1(33 %)

1(20 %)

Not tested
No

1(33 %)
0(0 %)

4(80 %)
1(20 %)

Yes

3(100 %)

4(80 %)

No

0(0 %)

1(20 %)

Yes

3(100 %)

4(80 %)

Blood in stool at recurrence
Fever at recurrence
Abdominal pain at recurrence

Treatment of recurrence

Duration of recurrence
treatment

Response to treatment for
recurrence

PCR after recurrence

Improved diarrhea after
treatment of recurrence

Improved
abdominal pain after
recurrence treatment

1.00

1.00≠

1.00

1.00

1.00

Denominators have been changed where one or more variables were unavailable to report
Abbreviations: CD Crohn’s disease, UC ulcerative colitis, CDI Clostridium difficile infection, ED emergency department, PCR- polymerase
chain reaction
≠Overall comparison P value
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Co morbidity

N ( %) total patients- 70

Anemia

12 (17%)

IBD with strictures

3

IBD with fistulas and abscess

10 (14%)

Neutropenia

1

(1%)

Polyposis

1

(1%)

Pancreatitis

2

(3%)

History of colectomy and ileoanal pouch

3

(4%)

(4%)

IBD: Inflammatory Bowel Disease; N = number of patients having co-morbid condition

Discussion

As a regional referral center providing tertiary care, our IBD patient population is comprised of over 450 patients who are followed at our pediatric IBD center. In this study, we analyzed characteristics of IBD patients with CDI along with other variables. In
our study, CD patients with CDI who were on infliximab treatment
were significantly greater in proportion than UC patients on infliximab. The safety of biologic agents for IBD treatment in pediatric
patients remains a concern. Due to lack of pediatric studies, all
current data were abstracted from adult IBD studies. One study in
the literature did suggest that mortality rates were similar between
IBD patients treated with infliximab versus those who were treated
with other treatment modalities (11). This study also concluded
that the risk of severe bacterial infection observed with biologic
therapy was due to disease severity and concomitant corticosteroid use rather than infliximab therapy alone. On the contrary, another study suggested that infliximab use was associated with an
increased risk of infection, most commonly histoplasmosis, and
the risk of infection was increased when infliximab is used in combination with corticosteroid and azathioprine/6–mercaptopurines
(12) . In an adult randomized, placebo-controlled trial of rheumatoid arthritis patients with comorbidities receiving infliximab,
serious bacterial infections were 3 times more likely to occur in
the treatment arm compared to placebo patients (13). All of these
studies were primarily adult studies and CDI was not mentioned as
an opportunistic infection. One adult study concluded no increased
rate of serious bacterial infection in IBD patients on biologic (infliximab) therapy, including CDI, although the risk of CDI was
increased by three times with corticosteroid use (14). This study
primarily included adult CDI patients who required inpatient hospitalizations and excluded outpatient CDI diagnosis to overcome
technical difficulties in analysis. In our study, the analysis included

all patients diagnosed with a positive stool PCR during inpatient,
outpatient or ED visits.
Thus far, no specific study has reported a CDI risk associated with
the use of a specific type of biologic in the pediatric IBD population and this will need further study. A higher proportion of CDI
in a specific biologic group could possibly be due to the immunosuppressive effect on gut. A randomized placebo controlled trial
for immune mechanisms and risk of CDI in IBD patients who are
receiving biologic treatment is needed.
Adult studies have shown likely association between the risk of
CDI and IBD treatments such as mesalamine, steroids, azathioprine and methotrexate (3, 15). Our study was aimed at children
and adolescents and did not find a difference in the proportion
between the groups with CDI in pediatric IBD patients receiving
these therapies. In a pediatric study by Martinelli et al, previous
hospitalizations were noted more frequently in patients with IBD
without CDI than in patients with IBD with CDI (1). In a retrospective adult study, two or more inpatient hospitalizations within
60 days prior to the onset of CDI was associated with an increased
risk of recurrent CDI (16). In our study, we found no significant
difference between both groups. Antibiotic use within the past
3 months prior to CDI was not statistically significant between
groups in our cohort, unlike the result of a prior adult study (17).
We observed that only one patient in CD group with small bowel involvement had CDI. This also support the data from various
studies that concluded UC and Crohn’s colitis patients are more at
risk to have extensive CDI than isolated CD small bowel involvement (3) (18) (19) .
Most patients responded to therapy with a 10-14 day course of conventional metronidazole therapy in our study, which is suggestive
of continued efficacy of metronidazole in initial therapy for CDI
even in IBD patients (20). Only a few patients who relapsed re-
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quired vancomycin therapy either for 2 weeks or as a taper course.
Although ours was a pediatric study, we found a similar result to a
report from an adult systematic review which concluded that both
vancomycin and metronidazole could be the first choice of treatment and thus depends primarily on underlying CDI severity (21)
. The literature suggests that the incidence of CDI is higher in IBD
patients (3) and that CDI can present with nonbloody stools, as
was noted in our cohort. In our study, most of patients with CDI
and IBD presented without blood in the stool. This was a statistically significant observation between our groups as fewer CD
patients had blood in their stool compared to UC patients (p=0.05).
This finding requires further study.

Limitations

This was a retrospective single-center descriptive cohort study
which did not have a case control group for comparison. For the
same reason, we could not report incidence of CDI in pediatric
IBD population at our center. Statistically significant differences
in demographic and patient characteristics are explained by known
differences between the study groups; as an example, UC patients,
by definition, have specific large bowel involvement. Therefore
UC patients had a higher proportion of this variable when compared to CD, which may involve any portion of the gut. We used
subjective definitions to identify CDI case and response to treatment. As this was a chart review, data captured is subject to incomplete medical records and, in some cases; we could not report
all the parameters of our interest. Because of the higher sensitivity
of PCR testing, repeat PCR testing could over diagnose the same
strain of infection and may not represent a true recurrence. As we
exclusively used patients with PCR diagnosis of CDI, this was not
a comparison study of toxin versus PCR detection methods for
CDI diagnosis in this population.

Conclusion

CDI should be considered in the evaluation of pediatric patients
with IBD flare up. In pediatric IBD patients, the absence of blood
in stool does not rule out CDI. Most patients responded to initial therapy with metronidazole in both groups. A statistically significant higher proportion of CD patients on infliximab therapy
with CDI were identified as compared to UC patients with CDI
on infliximab. Future prospective studies are needed to determine
if treatment with specific biologic agent is associated with a true
increased risk of CDI in pediatric IBD patients.
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