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Abstract
Background and Aims  Clostridium difficile infection (CDI) incidence and risk factors in patients with inflammatory bowel 
disease (IBD) have been extensively studied. However, data describing CDI in Chinese patients with IBD are limited. We 
investigated the cumulative incidence, risk factors, and outcomes of CDI in Chinese IBD patients.
Methods  We conducted a retrospective, case–control study of patients hospitalized with IBD and CDI at Peking Union 
Medical College Hospital from January 2010 to December 2015. CDI was diagnosed based on the presence of active 
symptoms and positive enzyme immunoassay-based stool test results for C. difficile toxin A or B (CDAB). Controls were 
selected from CDAB-negative patients with IBD and matched by age, gender, phenotypes of IBD and the same time period 
of CDAB testing at a 1:2 or 1:3 ratio.
Results  We identified 60 (7.41%) cases of CDI among 810 patients with IBD, and 137 control cases were selected. Univariate 
analysis revealed that IBD patients with CDI had higher rates of concurrent corticosteroid use, proton pump inhibitor, antibi-
otic use, recent hospitalization, parenteral nutrition support, and cytomegalovirus (CMV) coinfection (P < 0.05). Multivariate 
analysis revealed that concurrent corticosteroid use (odds ratio [OR] = 6.803, 95% confidence interval [CI] = 2.901–15.954, 
P < 0.001) and hospitalization within 1 month (OR = 3.028, 95% CI = 1.225–7.480, P = 0.016) were associated with CDI. 
CMV and C. difficile coinfection (hazard ratio [HR] = 4.185, 95% CI = 1.492–11.736, P = 0.007) as well as disease severity 
(HR 2.070, 95% CI = 1.006–4.261, P = 0.048) were independently associated with colectomy following CDI.
Conclusions  IBD patients with concurrent corticosteroid use and recent hospitalization are at a higher risk of CDI. CMV 
and C. difficile coinfection is associated with poorer outcomes.

Keywords  Clostridium difficile · Risk factor · Inflammatory bowel disease · Crohn’s disease · Ulcerative colitis · 
Cytomegalovirus · Colectomy
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UC	� Ulcerative colitis
ROC	� Receiver operating characteristic
5-ASA	� 5-Aminosalicylates
25(OH)D	� 25-Hydroxyvitamin D

Introduction

Clostridium difficile (C. difficile), a gram-positive spore-
forming anaerobe, is the most commonly reported patho-
gen, causing 12.1% of healthcare-associated infections in 
the USA [1]. Studies have demonstrated an increasing inci-
dence of C. difficile infection (CDI) in patients with inflam-
matory bowel disease (IBD) who commonly had a more 
severe course of disease than the non-IBD population [2–5]. 
Traditional risk factors for CDI include recent antibiotic use 
or hospital exposure, older age, comorbidity, immunosup-
pression, and underlying IBD [6]. However, CDI has been 
associated with certain risk factors, including younger age, 
colonic IBD, active colitis, community acquisition, and use 
of corticosteroids or infliximab, in patients with IBD [3, 5, 
7]. In addition, CDI has been found to complicate the course 
of IBD and has been reported to be associated with poor 
prognosis, including increased colectomy, higher mortality, 
and longer length of hospital stay [7].

The exact epidemiology of CDI has been hindered by 
a lack of global reporting and surveillance programs. To 
date, there are limited data describing the epidemiology 
and prognosis of CDI in IBD patients in China [8, 9]. One 
study reported that the incidence of CDI (19.3%) in patients 
with ulcerative colitis (UC) was higher than that (12.7%) in 
patients with Crohn’s disease (CD) in South China [8]. The 
other retrospective study reported that CDI was diagnosed 
in 5% (13 cases) of 260 patients with IBD in one tertiary 
hospital in Shanghai, China, from 2013 to 2015 [9]. The 
incidence, temporal change in incidence, risk factors, and 
prognosis of CDI in Chinese IBD patients are still poorly 
characterized. Therefore, we performed this study with the 
following aims: (1) to investigate the proportion of CDI for 
a longer duration and detect the temporal change in the pro-
portion; (2) to identify the risk factors of CDI in patients 
with IBD; and (3) to explore the outcome of CDI in IBD 
patients.

Patients and Methods

Patients

This study was a retrospective, case–control study conducted 
at the Department of Gastroenterology, Peking Union Medi-
cal College Hospital (PUMCH). Hospitalized patients with 
IBD and CDI were identified from our hospital discharge 

database as well as central laboratory database between Jan-
uary 1, 2010, and December 31, 2015. The study population 
included patients with a discharge diagnosis of IBD, includ-
ing UC, CD, or IBD unclassified (IBDU), and only patients 
who were hospitalized for an active disease. Enrolled 
patients (n = 60) were diagnosed with IBD and had a positive 
stool test for C. difficile toxin A or B (CDAB) by enzyme 
immunoassay (EIA). Each case was matched to 2 or 3 ran-
domly selected CDAB-negative controls (n = 137) by IBD 
diagnosis, age, sex, and year of CDAB testing. The study 
was approved by Institutional Review Board of PUMCH. 
All data of the study were collected by reviewing preexist-
ing records. No information from any individual patient was 
revealed, and all patient records were de-identified before 
being included in the present analysis. For these reasons, 
the study protocol was exempted from the need for informed 
consent from its participants.

Study Measures and Outcomes

CDI cases were defined as patients with active symptoms 
and a positive stool test for C. difficile toxin A or B by EIA 
(VIDAS® C. difficile panel, BioMérieux, France).

Demographic characteristics included age, gender, smok-
ing and drinking status. Clinical characteristics included the 
following: (1) clinical and epidemiological findings: age of 
IBD symptom onset, age of IBD diagnosis, duration from 
symptom onset to IBD diagnosis, age at CDI, duration of 
IBD at CDI, severity of UC by Truelove and Witts criteria 
[10], extent of UC (extensive colitis versus left-sided coli-
tis or proctitis), Mayo endoscopic score of UC [11], Mon-
treal classification of CD [12], Harvey-Bradshaw index for 
CD activity if documented in medical records [13], previ-
ous IBD-associated bowel surgery, diabetes comorbidity, 
body mass index, peripheral venous white blood cell count, 
hemoglobin, and plasma 25-hydroxyvitamin D [25(OH)D] 
before CDI; (2) potential risk factors of interest: simultane-
ous presence of CMV infection (diagnosis based on evidence 
of viral cytopathic effect by hematoxylin and eosin-stained 
tissue and/or the presence of any viral inclusion bodies by 
immunohistochemistry or in situ hybridization, or the pres-
ence of serum CMV-DNA > 500 copies/ml), recent (within 
1 month) hospitalization for any reason, recent (within 3 and 
1 month) use of antibiotics, recent (within 3 months) use 
of PPIs, recent (within 1 month) use of parenteral nutrition 
support, and concurrent use of 5-aminosalicylates (5-ASA), 
immunomodulators (including thiopurine, methotrexate, tha-
lidomide), systemic corticosteroids, and anti-tumor necrosis 
factor (TNF)-α agent; and (3) outcome indicator: disease-
related colectomy of any extent following the CDAB test.

In our clinical practice for patients with severe IBD 
episodes, stool C. difficile toxins, serum CMV-DNA, and 
detailed tissue diagnosis for CMV during colonoscopy are 
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routinely performed on admission. The antiviral therapy was 
given as soon as the CMV infection was confirmed either by 
serum CMV or tissue diagnosis.

The primary outcomes of this study were the propor-
tion of CDI in hospitalized IBD patients, the identification 
of risk factors associated with CDI, and the percentage of 
patients requiring colectomy after CDI for the clinical out-
come study.

Statistical Analysis

Data were analyzed using SPSS for Windows version 21.0 
(SPSS Inc., Chicago, IL, USA). Descriptive statistics were 
computed for all variables. Continuous variables were sum-
marized using means and standard deviations or medians 
with 25th and 75th percentiles appropriately. Categorical 
variables were expressed in proportions. Univariate com-
parisons of continuous variables were conducted using t 
tests or Wilcoxon rank-sum tests; univariate comparisons 
of categorical factors were conducted using Chi-square or 
Fisher’s exact tests as appropriate. A multivariate logistic 
regression model using a forward stepwise selection method 
was constructed to study the possible risk factors of CDI. 
Data were reported as unadjusted odds ratios (ORs) with 
95% confidence intervals (CIs). P values less than 0.05 were 
considered statistically significant. Surgery-free survival 
was determined with Kaplan–Meier analysis. Differences 
in bowel surgery rates were determined by log rank analysis 
and Cox regression. P values less than 0.05 were considered 
statistically significant.

Results

Epidemiology

A total of 60 (7.41%) CDI cases were identified from 810 
hospitalized patients with active IBD. Patients with recurrent 

CDI were not counted repeatedly in the proportion. Of 381 
UC patients, 34 (8.92%) tested positive for CDAB. Of 429 
CD patients, 26 (6.06%) were CDAB positive. The presumed 
incidence of CDI in hospitalized patients with IBD from 
2010 to 2015 is listed in Table 1. The incidence was lower 
than 2% in 2010 and gradually rose to over 12% in 2014. 
Figure 1 illustrates that, although it was not a steady increas-
ing line, there was an increasing number of detected CDI 
cases in patients with IBD.

Demographics and Characteristics

The demographics and clinical characteristics of the study 
subjects (cases and controls) are listed in Table  2. The 
median duration of IBD (from disease onset to CDI) when 
CDI occurred was 29.5 (interquartile range [IQR] 7.0, 102.0) 
months. There was no difference found in smoking or drink-
ing status, diabetes comorbidity, previous IBD-associated 
bowel surgery, body mass index, peripheral venous white 
blood cell count, hemoglobin, or plasma 25(OH)D between 
IBD patients with and without CDI (P > 0.05). Compared 
with patients without CDI, CD patients (n = 95) with CDI 
were more likely to be colon involved and had a higher 

Table 1   Presumed incidence 
of CDI in hospitalized patients 
with IBD

CD Crohn’s disease, CDI Clostridium difficile infection, IBD inflammatory bowel disease, UC ulcerative 
colitis

Year 2010 2011 2012 2013 2014 2015 Total

CD with CDI 1 0 6 6 11 2 26
No. of CD patients 48 66 63 74 91 87 429
Presumed incidence (%) 2.08 0 9.52 8.11 12.09 2.3 6.06
UC with CDI 0 3 5 4 9 13 34
No. of UC patients 37 59 48 80 63 94 381
Presumed incidence (%) 0 5.08 10.42 5.0 14.29 13.83 8.92
CDI cases 1 3 11 10 20 15 60
IBD patients 85 125 111 154 154 181 810
Presumed incidence (%) 1.18 2.4 9.91 6.49 12.99 8.29 7.41

Fig. 1   Temporal trend of presumed incidence of CDI in hospitalized 
patients with IBD
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Table 2   Demographics and clinical characteristics of IBD patients with and without CDI (with matched controls)

All (n = 197) CDAB positive (n = 60) CDAB negative 
(n = 137)

P value

Diagnosis 0.826 0.826
 CD, n (%) 95 (48.2%) 26 (43.3%) 69 (50.4%)
 UC, n (%) 102 (51.8%) 34 (56.7%) 68 (49.6%)

Median age of symptom onset, years (IQR) 31.0 (23.0, 43.0) 32.0 (23.3, 47.3) 30.0 (22.0, 42.5) Z = − 0.590 0.556
Median age of IBD diagnosis, years, (IQR) 34.0 (25.0, 46.0) 35.0 (27.0, 47.5) 33.0 (25.0, 45.5) Z = − 0.469 0.639
Median duration from symptom onset to IBD 

diagnosis, months, (IQR)
12 (4, 48) 6 (3, 36) 13 (5, 48) Z = − 1.520 0.129

Median age at time of CDAB testing, years, 
(IQR)

38.0 (28.0, 49.0) 38.0 (27.3, 49.8) 38.0 (28.0, 49.0) Z = − 0.231 0.817

Gender, male n (%) 120 (60.9%) 35 58.3%) 85 (62.0%) 0.241 0.623
Smoking status, n (%) 0.247 0.884
 Never 149 (75.6%) 46 (76.7%) 103 (75.2%)
 Current 32 (16.2%) 10 (16.7%) 22 (16.1%)
 Previous 16 (8.1%) 4 (6.7%) 12 (8.8%)

Drinking status, n (%) 5.191 0.075
 Never 163 (82.7%) 47 (78.3%) 116 (84.7%)
 Current 14 (7.1%) 8 (13.3%) 6 (4.4%)
 Previous 20 (10.2%) 5 (8.3%) 15 (10.9%)

Diabetes comorbidity, n (%) 13 (6.6%) 5 (8.3%) 8 (5.8%) 0.114 0.736
Previous IBD-associated bowel surgery, n (%) 67 (34.0%) 17 (28.3%) 50 (36.5%) 1.239 0.266
 UC 5 (4.9%) 2 (5.9%) 3 (4.4%) 0.000 1.000
 CD 62 (65.3%) 15 (57.7%) 47 (68.1%) 0.905 0.341

Body mass index, mean ± SD 20.0 ± 3.7 (n = 192) 19.4 ± 3.3 (n = 55) 20.3 ± 3.8 (n = 137) t = 1.368 0.168
Hemoglobin (g/L) at time of CDAB testing, 

mean ± SD
111.7 ± 23.8 107.3 ± 23.7 113.6 ± 23.6 t = 1.699 0.091

Peripheral venous white blood cell count 
(109/L), mean ± SD

7.44 ± 3.06 7.90 ± 2.94 7.24 ± 3.10 t = 1.433 0.154

Plasma 25(OH)D (μg/L), mean ± SD 13.8 ± 8.4 (n = 117) 13.5 ± 7.1 (n = 31) 14.0 ± 8.9 (n = 86) t =  − 0.250 0.803
 UC 11.2 ± 6.4* (n = 57) 10.8 ± 5.9 (n = 15) 11.4 ± 6.7 (n = 42) t = 0.314 0.755
 CD 16.3 ± 9.3 (n = 60) 16.1 ± 7.3 (n = 16) 16.4 ± 10.0 (n = 44) t = 0.119 0.906

CD n = 95 n = 26 n = 69

Disease phenotype
Montreal classification, Age, n (%) Fisher 0.527
 A1: ≤ 16 years old 7 (7.4%) 2 (7.7%) 5 (7.2%)
 A2: 17–40 years old 70 (73.7%) 21 (80.8%) 49 (71.0%)
 A3: ≥ 40 years old 18 (18.9%) 3 (11.5%) 15 (21.7%)

Montreal classification, location, n (%) Fisher 0.003
 L1: terminal ileum 9 (9.5%) 6 (23.1%) 3 (4.3%)
 L2: colon 13 (13.7%) 6 (23.1%) 7 (10.1%)
 L3: ileum-colon 73 (76.8%) 14 (53.8%) 59 (85.5%)
 L4: upper GI tract 5 5.3%) 3 (11.5%) 2 (2.9%) 1.360 0.244

Montreal classification, behavior, n (%) 0.965 0.617
 B1: non-stricturing, non-penetrating 23 (24.2%) 7 (26.9%) 16 (23.2%)
 B2: stricturing 33 (34.7%) 7 (26.9%) 26 (37.7%)
 B3: penetrating 39 (41.1%) 12 (46.2%) 27 (39.1%)

Perianal disease, n (%) 33 (34.7%) 7 (26.9%) 26 (37.7%) 0.964 0.326
Harvey-Bradshaw index, median (IQR) 6 (4, 8) 7 (6, 10) 6 (3, 9) Z = 2.474 0.013
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Harvey-Bradshaw index (P = 0.003 and 0.013, respectively). 
In UC patients (n = 102), there was no difference in dis-
ease severity, Mayo endoscopic subscore, or disease extent 
between patients with and without CDI (P > 0.05). 

Of the 60 patients with CDI, 50 (83.3%) had a colonos-
copy within 1 week before or after the diagnosis of CDI. The 
presence of pseudo-membranes was found in only 2 (6.3%) 
out of 32 patients with UC (Fig. 2), whereas colonoscopy 

results revealed that these pseudo-membranous features 
were absent from all of the 18 patients with CD and CDI.

Risk Factors for CDI

As shown in Table 3, univariate analysis revealed that IBD 
patients with CDI had a higher rate of concurrent use of 
corticosteroids, use of antibiotics and PPIs within 3 months 

CD Crohn’s disease, CDI Clostridium difficile infection, CDAB C. difficile toxin A and B, CMV cytomegalovirus, IBD inflammatory bowel dis-
ease, IQR interquartile range, UC ulcerative colitis, TNF tumor necrosis factor

Table 2   (continued)

UC n = 102 n = 34 n = 68

Severity by Truelove and Witts criteria, n (%) 2.795 0.247

 Mild 17 (16.7%) 3 (8.8%) 14 (20.6%)
 Moderate 45 (44.1%) 18 (52.9%) 27 (39.7%)
 Severe 40 (39.2%) 13 (38.2%) 27 (39.7%)

Mayo endoscopic subscore, n (%) n = 97 n = 32 n = 65 1.729 0.630
 1 13 (13.4%) 5 (15.6%) 8 (12.3%)
 2 38 (39.2%) 10 (31.3%) 28 (43.1%)
 3 46 (47.4%) 17 (53.1%) 29 (44.6%)

Disease extent, n (%) 2.207 0.363
 Proctitis 1 (1.0%) 1 (2.9%) 0
 Left-sided colitis 25 (24.5%) 8 (23.5%) 17 (25.0%)
 Extensive colitis 76 (74.5%) 25 (73.5%) 51 (75.0%)

Treatment outcome
Colectomy following CDI, n (%) 27 (13.7%) 12 (20.0%) 15 (10.9%) 2.890 0.089
Colectomy following CDI in patients with UC, 

n (%)
18 (17.6%) 8 (23.5%) 10 (14.7%) 1.214 0.270

Colectomy following CDI in patients with CD, 
n (%)

9 (9.5%) 4 (15.4%) 5 (7.2%) 0.664 0.415

Duration from CDAB testing to colectomy 
(month), median (IQR)

2.0 (0.8, 6.3) 4.3 (0.7, 12.5) 1.0 (0.7, 3.0) 0.449

Fig. 2   Endoscopic features of patients with IBD and CDI. a Pseudo-membrane was discovered in this patient with UC and CDI. b Colonoscopic 
appearance of a patient with UC coinfected with both C. difficile and CMV colitis (diagnosed by immunohistochemistry)
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Table 3   Risk factors of Clostridium difficile infection

CD Crohn’s disease, UC ulcerative colitis, CDI Clostridium difficile infection, CDAB C. difficile toxin A and B, CMV cytomegalovirus, IBD 
inflammatory bowel disease, IQR interquartile range, TNF tumor necrosis factor

Risk factors All (n = 197) CDAB positive 
(n = 60)

CDAB negative 
(n = 137)

P value of 
univariate 
analysis

Odds ratio (95% 
CI)

P value of 
multivariate 
analysis

Concurrent use of 
5-ASA, n (%)

140 (71.1%) 46 (76.7%) 94 (68.6%) 1.316 0.251

Concurrent use of 
corticosteroids, 
n (%)

101 (51.3%) 51 (85.0%) 50 (36.5%) 39.291 < 0.001 6.803 (2.901–
15.954)

< 0.001

Dosage of corti-
costeroids, mg/
day, median 
(IQR)

40.0 (28.75, 50.0) 45.0 (40.0, 50.0) 30.0 (18.75, 
46.25)

Z = − 3.771 < 0.001

Concurrent use of 
immunomodula-
tors, n (%)

35 (17.8%) 8 (13.3%) 27 (19.7%) 1.161 0.281

Concurrent use of 
anti-TNF, n (%)

13 (6.6%) 6 (10.0%) 7 (5.1%) 0.923 0.203

Antibiotics use 
within 3 months 
prior to CDI, 
n (%)

9.864 0.007 1.258 (0.386–
4.098)

0.703

 Yes 39 (19.8%) 19 (31.7%) 20 (14.6%)
 Unknown 23 (11.7%) 9 (15.0%) 14 (10.2%)

Antibiotics use 
within 1 month 
prior to CDI, 
n (%)

2.082 0.353

 Yes 58 (29.4%) 21 (35.0%) 37 (27.0%)
 Unknown 22 (11.2%) 7 (11.7%) 15 (10.9%)

PPI use within 
3 months prior 
to CDI, n (%)

10.459 0.005 0.432 (0.121–
1.535)

0.194

 Yes 21 (10.7%) 12 (20.0%) 9 (6.6%)
 Unknown 40 (20.3%) 15 (25.0%) 25 (18.2%)

Parenteral nutri-
tion support 
within 1 month 
prior to CDI, 
n (%)

14.109 0.001 1.985 (0.435–
9.064)

0.376

 Yes 35 (17.8%) 18 (30.0%) 17 (12.4%)
 Unknown 24 (12.2%) 11 (18.3%) 13 (9.5%)

Hospitalization 
within 1 month 
prior to CDI, 
n (%)

83 (42.1%) 41 (68.3%) 42 (30.7%) 24.294 < 0.001 3.028 (1.225–
7.480)

0.016

Concomitant 
CMV infection, 
n (%)

28 (14.2%) 18 (30.0%) 10 (7.3%) 17.635 < 0.001 1.788 (0.637–
5.020)

0.270

CMV infection 
in patients with 
UC, n (%)

26 (25.5%) 16 (47.1%) 10 (14.7%) 12.492 0.001

CMV infection 
in patients with 
CD, n (%)

2 (2.1%) 2 (7.7%) 0 Fisher 0.029
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prior to CDI, recent hospitalization within 1 month for any 
reason, parenteral nutrition support within 1 month prior to 
CDI, and concomitant cytomegalovirus (CMV) coinfection 
than patients without CDI (P < 0.05). CMV infection was 
more common in IBD patients with CDI than that in patients 
without CDI (30.0 vs 7.3%, P < 0.001). However, the con-
current use of immunomodulators, anti-TNF agents, 5-ASA, 
and antibiotics within 1 month prior to CDI were not found 
to be associated with CDI (P > 0.05).

Logistic regression analysis (Table 3) showed that the 
concurrent use of corticosteroids (OR = 6.803, 95% CI, 
2.901–15.954, P < 0.001) and hospitalization within 1 month 
prior to CDI (OR = 3.028, 95% CI 1.225–7.480, P = 0.016) 
were associated with CDI. Receiver operating characteris-
tic (ROC) curve (Fig. 3) analysis showed that the dosage 
of corticosteroids that equaled prednisone 37.5 mg/day was 
the cutoff value for association with CDI (area under curve 
[AUC] = 0.75).

Treatment Outcome

CDI patients were prescribed metronidazole (n = 39), van-
comycin (n = 16), or combined therapy (n = 5) at the physi-
cians’ discretion. Median treatment duration was 14 (range 

8–16) days. Of the 60 CDI patients, 6 (10%) had recurrent 
CDI after a median of 2.3 (IQR 1.0, 4.5) months from the 
first episode of CDI. Among the 18 patients with CDI and 
CMV coinfection, 14 cases received antiviral therapy by 
ganciclovir and 1 case by foscarnet sodium on physicians’ 
discretion. As illustrated in Table 2, the rate of disease-
related colectomy following CDI was higher in patients with 
CDI than that in controls but with no significance (20.2 vs 
10.9%, P = 0.089). The median duration from CDI to colec-
tomy was 4.3 (IQR 0.7, 12.5) months. Cox regression analy-
sis (Table 4) revealed that CMV coinfection (hazard ratio 
[HR] = 4.185, 95% CI 1.492–11.736, P = 0.007) and disease 
severity (HR = 2.070, 95% CI 1.006–4.261, P = 0.048) were 
independently associated with colectomy following CDI in 
patients with IBD.

Discussion

CDI in patients with IBD has been recognized as an essential 
clinical problem due to the growing incidence, increasing 
prevalence, and worsening outcome. IBD is proven to be an 
independent risk factor of CDI. A population-based study 
revealed that individuals with IBD were approximately five 

Fig. 3   Kaplan–Meier curve for colectomy-free survival in patients with IBD. a Colectomy-free survival for patients with and without CDI. b 
Colectomy-free survival for patients with and without CMV coinfection

Table 4   Risk factors of bowel 
surgery after CDI by Cox 
regression

CD Crohn’s disease, UC ulcerative colitis, CDI Clostridium difficile infection, CMV cytomegalovirus

Reference Hazard ratio 95% CI P value

CDI Yes versus no 1.091 0.465–2.558 0.841
Diagnosis of IBD UC versus CD 0.529 0.167–1.680 0.280
CMV coinfection Yes versus no 4.185 1.492–11.736 0.007
Disease severity Severe versus mild and 

moderate
2.070 1.006–4.261 0.048
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times more likely to develop CDI than individuals without 
IBD [5]. In the present study, we have shown the following: 
(1) CDI cases and its proportion in hospitalized IBD patients 
are increasing in our tertiary IBD center in recent years; (2) 
the use of steroids and recent (within 1 month) hospitaliza-
tion are associated with CDI; and (3) CMV coinfection is 
independently associated with IBD-related colectomy after 
CDI in IBD patients.

The presumed incidence CDI in hospitalized patients 
with IBD at our center has increased from 1.18% in 2010 to 
8.29% in 2015, and the highest number (12.99%) occurred 
in 2014. The prevalence of CDI is 7.41% in our tertiary 
IBD center. Most studies reported the prevalence of CDI in 
hospitalized IBD patients ranging from 1 to  10% [2–4, 14]. 
Furthermore, several studies from single centers reported 
in 2007 [15, 16] and studies using national hospitalization 
databases reported in 2008 [2, 14] have shown a temporal 
increase in the proportion of IBD hospitalizations compli-
cated by CDI. A nationwide temporal increase in CDI in 
IBD hospitalizations from 1998 to 2007 was reported [4]. 
Although two studies have reported the prevalence of CDI in 
Chinese IBD patients, our present study is the first to show 
the temporal change in the proportion of CDI in hospitalized 
IBD patients. Due to the retrospective nature of this study, 
we have no data on the percentage of patients underwent 
testing for C. difficile toxin each year. Bias from physicians’ 
awareness was introduced in this study. In 2012, the pub-
lication of Chinese consensus on IBD management which 
emphasized opportunistic infection screening may explain 
the prominent increase of incidence from 2012. A more 
recent study describing the incidence of CDI in IBD patients 
found a decreasing trend [17]. In the UK, the incidence of 
CDI in IBD patients decreased from 8.7% in 2007/2008 to 
0.4% in 2012/2013 [17]. Potential explanations for these 
observations are as follows: (1) better and prompt manage-
ment of IBD in recent years, i.e., the early introduction of 
anti-TNFα agents to improve mucosal function and thereby 
reduce C. difficile colonization and (2) improved awareness 
of CDI and infection control practices in healthcare provid-
ers. In our study, we also observed a decrease in the pro-
portion of detected CDI cases between 2014 (12.99%) and 
2015 (8.29%). Ongoing monitoring of the temporal changes 
will reveal whether China exhibits a trend of CDI incidence 
similar to the recent study from the UK.

Endoscopy rarely detects pseudo-membranes and is 
therefore ineffective at diagnosing CDI in patients with 
IBD [15, 18]. It was reported that endoscopic pseudo-mem-
branes were found in 13% of patients with IBD and CDI 
and that these patients more commonly presented with fever 
(P = 0.02) than patients without pseudo-membranes [19]. 
In our study, fewer endoscopic pseudo-membranes were 
found, with 6.3% in patients with UC and CDI and 0% in 
patients with CD and CDI. Therefore, the diagnosis of CDI 

is predominantly based on C. difficile toxin tests. The CDI 
diagnostic conundrum has been resolved by the develop-
ment of molecular assays for toxigenic C. difficile that utilize 
real-time PCR to detect the tcdB gene encoding toxin B in 
fecal specimens, and these new assays have a higher sensi-
tivity and specificity than the conventional enzyme-linked 
immunosorbent assay (ELISA)-based assays [20, 21]. Given 
the relatively lower sensitivity of ELISA-based assays, the 
incidence and prevalence of CDI reported in our study may 
be underestimated.

Which IBD patients are at the greatest risk of acquiring 
C. difficile infection? Risk factors for CDI in patients with 
IBD are different from those of non-IBD patients, such as 
younger age and fewer predisposing non-IBD-related comor-
bidities [2, 14]. Moreover, risk factors for CDI in non-IBD 
patients, such as antibiotic use or PPI use, are less common 
in patients with IBD [15]. Consistent with the known epi-
demiology of CDI in patients with IBD, our study found 
that recent hospitalization or use of steroids remained one 
of the strongest risk factors for CDI. Data from IBD cohorts 
did not consistently demonstrate the independent associa-
tions between medication use (including immunomodula-
tors, anti-TNF agents, and 5-ASA) and risk of CDI [15], 
and our findings confirmed this lack of association. In a 
population-based IBD cohort from British Columbia, the 
use of corticosteroids tripled the risk of CDI in a manner that 
was independent of dose or duration [22]. However, in our 
study, we found a higher risk of CDI in patients administered 
a dosage of prednisone over 37.5 mg/day.

Higher plasma calcifediol [25(OH)D] was found to be 
associated with reduced risk of C. difficile infection in 
patients with IBD [23]. This study suggested a role for vita-
min D in the pathogenesis of CDI in patients with IBD. Vita-
min D stimulates the production of cathelicidin, which is an 
antimicrobial peptide that is widely expressed in neutrophils, 
natural killer cells, and intestinal epithelium, and has anti-
bacterial activity against a spectrum of bacterial pathogens 
[24]. Furthermore, it was recently reported that cathelicidin 
inhibits the effect of C. difficile toxin [25]. However, our 
study did not find an association between plasma 25(OH)
D levels and the risk of CDI. However, because only half 
(n = 31) of the patients with CDI had available 25(OH)D 
levels prior to CDI, the small sample size may weaken the 
power of this finding. Further studies investigating the asso-
ciation between 25(OH)D and the risk of CDI as well as the 
role of vitamin D adjunctive treatment in IBD patients to 
reduce the risk of CDI are imperative.

CDI was reported to worsen the outcome of patients 
with IBD and was associated with mortality, colectomy, 
and health resource utilization [2, 7, 8, 15]. However, stud-
ies reporting the impact of CDI on the risk of colectomy 
are inconsistent. Some single-center and nationwide studies 
failed to find an association between colectomy following 
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CDI [2, 26]. Our study added evidence of no association 
between CDI alone and the subsequent colectomy. However, 
we found that the occurrence of CDI and CMV coinfections 
in patients strongly associated with the subsequent colec-
tomy. We also found that CMV infection was more com-
mon in IBD patients with CDI. A recent study reported that 
CDI occurred more frequently in IBD patients with CMV 
reactivation and was associated with poor outcomes [27]. 
Conversely, our study revealed a higher rate of CMV coin-
fection in IBD patients with CDI and the association with 
poorer outcomes. A review article reported clinical scenario 
of coexisting cytomegalovirus infection in immunocompe-
tent patients with CDI [28]. In cases of coexisting CMV 
and C. difficile colitis, ganciclovir therapy for CMV colitis 
in time may circumvent the unnecessary second-line thera-
peutic method for CDI, supposing that persistent diarrhea 
was not due to treatment failure for C. difficile [28]. In our 
clinical practice, coinfection is mostly seen in severe patients 
or those who received consequent or joined immunosup-
pressive medications. The severity of IBD itself may also 
contribute to the vulnerability of coinfections and poorer 
outcome. Although most of IBD patients with CDI-CMV 
coinfections were treated with antiviral therapy (15/18), but 
mostly the outcome of colectomy was still not prevented. 
Delayed diagnosis or initiation of antiviral therapy may not 
be the reason for poor outcome. Other more aggressive, 
novel, or adjunctive therapy such as using fecal microbiota 
transplantation, fidaxomicin, and anti-CMV immunoglobu-
lin may need further investigation. Being aware of the poor 
outcomes of patients with coinfections, physicians should 
promptly test and aggressively manage these high-risk 
patients.

There are strengths in our study. First, to our knowledge, 
this is the first study in China and even in Asia to demon-
strate a temporal change in C. difficile infection in patients 
with IBD. Second, the case–control study design restricts 
bias commonly seen in a retrospective study. For instance, 
matching for age restricts the age-related bias. Matching for 
IBD subtype reduces bias associated with different risks of 
CDI and IBD type. Matching for sample test period further 
controls for temporal changes in the overall incidence of 
CDI. Third, most patients in our cohort were regularly moni-
tored at our center, which further increased the strengths of 
the outcome evaluation.

Despite the strengths, several limitations and weakness 
should be considered. First, since our cohorts were recruited 
from a tertiary referral center, the study results may not be 
generalized to the IBD population. Second, the findings are 
based on a small sample size due to the retrospective nature 
of this study. Third, given the relatively lower sensitivity of 
the EIA-based CDAB test, the rate of CDI may possibly be 
underestimated. Fourth, we did not present the proportion of 
IBD patients who were tested for CDI and CMV colitis each 

year. An increasing proportion of tests in IBD patients due to 
physicians’ awareness may cause bias to the study findings. 
Fifth, the study controls were initially planned as 1:3, while 
in most cases only 1:2 controls were qualified. Finally, we 
did not assess the strain of C. difficile in patients with CDI.

In conclusion, the occurrence of CDI is increasing in Chi-
nese IBD patients. Patients with a higher dose of corticos-
teroids and recent hospitalization have a higher risk of CDI, 
and coinfection of CMV and CDI results in a poorer out-
come, even antiviral therapy was mostly given in time. We 
believe this study will remind physicians of the importance 
of testing for C. difficile and CMV when providing care 
for patients admitted for active IBD. Due to the increasing 
incidence of CDI, infection control should be emphasized 
in China. Aggressive management including other poten-
tial strategies should be considered for IBD patients with 
coinfections, which might need further studies to confirm. 
Further studies are needed to confirm our results.
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