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Prof JM Rhodes, 

APT 

 

23/11/2010 

 

Re: ‘SYSTEMATIC REVIEW: CLOSTRIDIUM DIFFICILE IN INFLAMMATORY BOWEL DISEASE’ 

 

Dear Jon, 

 

Please find enclosed our revised manuscript and responses to the reviewer’s comments. For 

convenience and ease of reading we include here the reviewer’s comments first (and in bold text) 

and then our point by point response (in regular text). 

 
EDITOR'S COMMENTS TO AUTHOR:  

Please address the comments of reviewer 2. 

See below. 

 

REVIEWERS' COMMENTS TO AUTHOR: 

 

Reviewer: 2 

Comments for Transmission to the Authors  

The work is interesting but in many parts the text is confusing and should be rewritten and 

references and numbers should be checked. The alignment of the tables has to be revised. 

 

Page 4 line 41:'Recent epidemiological data report more cases of CDI in IBD than controls 

and a worse outcome in patients with IBD' need to  quote the reference 

We have referenced the latest 3 review articles on this subject. 

 

Page 6 line 18: should specify that "At the end, 42 records were included in qualitative 

synthesis". 

We have amended this to “overall 42 records were included in the qualitative synthesis”. 

 

Page 8:  

1.  line 14: It might be better to refer to diarrhoeal relapse or remission 

We have changed this text as requested. 

 

 

2.  line 17: The text is confusing. The number of studies reporting the incidence of CDI in 

IBD is 36 but one study was excluded therefore 35 studies were evaluated and of this 35 

studies the 40% only ( 14/35) included patients exclusively in relapse? In this order the 
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text is clearer. 

The number of studies that report the incidence of CDI in IBD is 35 (33 of which are 

summarised in tables 1-3 (14 in relapse - table 1; 15 with mixed disease activity in table 2 

and the 4 using the US database studies in table 3). We have inserted these references into 

the introductory section P8 L7-12, in order to make this clearer.  

 

The Clayton et al study is not included in the tables (but is now referenced too), because it is 

the only study including patients exclusively in remission. Sonnenberg’s analysis of US 

insurance databases is also excluded from table 3 as it is not possible to deduce overall 

incidence rates from the original paper.    

 

Having read and re-read ours and the reviewer’s versions of this sentence we would prefer 

to retain our own.  The other 2 reviewers did not seem to find our version difficult to 

understand.   

 

3.  line 25:  no significant differences in the weighted mean [weighted 95% CI] incidence of 

CDI in adult patients with UC or Crohn?s disease by either culture (UC 6.7% [5.6-11.4], 

Crohn?s disease 8.8% [2.5-15.1]) or toxin assay (UC 3.1% [0.1-6.2], Crohn?s disease 

7.0%(1.8-12.2) please quote the p value. A comment should be made on the fact that 

these studies has not the adequate power to detect a difference between CDI incidence in 

UC and CD. 

We do not think that p-values would be helpful since the overlapping confidence limits in 

each case indicate that they are not different.  

 

We have not changed our comments about sample size and hence power, as it is already 

stated on L39-41. We have changed the emphasis from “conceivable” to “possible”.  

    

Page 9: 

1.        It might be better to refer to disease activity instead to relapse or remission 

Done  

 

2.        The text is confusing. Fifteen studies do not mention about the disease activity; 

among these studies , 4 are pediatric studies,  11 are studies in adults. One out of 11 

studies in adults was excluded therefore 10 studies were analyzed.  In this order the text is 

clearer. 

Having read and re-read ours and the reviewer’s versions of this sentence we would prefer 

to retain our own. The other 2 reviewers did not seem to find our version difficult to 

understand.   

 

The 15 studies included did not specify diarrhoeal relapse or remission as specific inclusion 

criteria and hence were not stratified for disease activity. Of these 3 were conducted in 

children, and 11 in adults. 1 of the adult studies reported the denominator using the number 

of stools tested and not the number of patients included and so was excluded from the 

quantitative analysis (but was included in the tables for completeness).        

 

3.        ?Only 4/10 19, 28, 34, 35 of the studies that reported the relationship between CDI 

and disease activity found a positive association?  It is not clear if all the 14 studies 

reported the relationship between CDI and disease activity. If so, this should be explained 

in the text at the beginning of the section (b). 

Having read and re-read ours and the reviewer’s versions of this sentence we would prefer 

to retain our own. The other 2 reviewers did not seem to find our version difficult to 
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understand.   

 

4.  line 40:  It is not clear why the US nationwide diagnostic coding-based case-controlled 

studies are reported at the end of section (b) . It is confusing. 

We have clarified why we chose to deal with these studies separately in the introductory 

paragraph to section 3 of the results P8 L7-12 as well as in the methods as already stated. 

Reviewer 3 appears to endorse the arrangement of the text.  

 

Page 10: 

1.   line 1: the lack of CD NAP1/027 strain in those identified in this selected population of 

IBD pts in clinical  remission  should be discussed 

We don’t feel that this negative point needs discussion. It is probable that patients with IBD 

will have acquired this strain but because of the limited ribotyping testing in IBD it simply 

has not yet been reported. We have removed reference to this strain from this sentence.  

 

2.   line 10: immunosuppressive therapy should not be reported in the comment of section 

(c) because the study reported excluded patients on immunosuppressive therapy. 

We agree with this point and have removed the reference to immunosuppressive therapy. 

 

3.   line 27: Among the reasons explaining the differences in reported rates of CDI in IBD 

patients between the large-scale epidemiological studies and the single centre studies, 

should be stressed that  CDI under reporting  could be explained in administrative 

database studies by reimbursement reasons  and that the  results form single centre 

studies  are very heterogeneous  and often based on very small  populations. 

We don’t understand the reviewer’s first point here. Reimbursement biases would tend to 

lead to over-diagnosis (and as in our discussion of ‘diagnostic creep’ to explain why 

incidence rates may be increasing) as opposed to under-reporting. We accept the point 

regarding sample size and heterogeneity of the small studies and have added this to the 

section dealing with publication bias. 

 

Page 11:  

1.    ?However, the average age of CDI in IBD cohorts is much lower than in the general 

population controls, suggesting that patients with IBD have different risk profiles (Table 

3)?  Please check. In table 3 the age is reported only in 2 studies and within these studies, 

not for all populations of patients. In one study the average age of the mixed population 

was 47, in the other study in the CDI population with no IBD tha average age was 73. 

We have checked this and made no changes. 

 

Page 12: 

1.   ?Based on those studies adequately powered to detect a difference 33, 39-41, 43 and 

accepting their limitations as outlined above (Sections 3d and 4), patients with UC seem to 

be more at risk than patients with small bowel if not colonic Crohn?s disease 41?  

 Administrative Database studies do not report the disease localisation if in the ileum or 

colon. Only the large cohort study by Issa33  report that CDI was detected in 42 colonic 

disease out of 46 total CDI.  

This was a composite summary sentence. We have now moved the references round in the 

sentence so that the studies tally better with what is stated. 

 

2.   line 11: it should be specified that only a single study among those adequately 

powered reported disease extension. 

Done. 
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3.   line 18-19 check the quote. Reference 52 seems to be about antibiotics. 

We have re-checked ref 52 (now reference 55, Dial et al 2008) and it discusses not only 

antibiotics but also PPIs. 

 

4.   line 34: cannot find reference 60 in the text e within the studies in the tables. 

Page 13 

The Sonnenberg analysis of the US database [Ref 60, now Ref 63] is dealt with on page 10 

L54-59; it is not in the tables for reasons given above. 

 

Page 13 

 

1.   line 50 comments: this is the personal opinion of the authors. I would suggest that 

antibiotics could be associate to iv corticosteroids, while awaiting the culture results , in 

patients with high risk of CDI infection.  

We have added this. 

 

Page 14: 

1.   line 22, colectomy rate and length of stay: the text is not clear and difficult to read and 

to understand , particularly the last sentence of the section. Missing the reference at line 

34.  

We chose to incorporate the length of stay and colectomy data in one paragraph to avoid 

repeating the comments to account for the differences, on the grounds of brevity and ease 

of reading.     

 

We have added the Jodorkovsky reference.  

 

Page 15: 

1.   line 6: 4.3% mortality? 

We have changed the 5% to  about 4% as suggested (the mean of all the mortality rates 

reported is 4.2%). 

  

2.   line 10: ? In contrast, taking all the deaths in each of the included cohort studies, only 

0.6% (3/797) patients died 45, 48, a rate similar to the background mortality rate for IBD 

reported in the database studies? 

Cannot understand from where these figures are from. Reference 45 and 48 refers to 

studies that are not included in Table 1-2. These should be clearly explained. 

We have clarified this as suggested. 

 

3.   line 23-24: Why cases with IBD as secondary diagnosis were removed? The first 

diagnosis was CDI or other? Comorbidities? This should be clearly explained. 

We have clarified this point as requested. 

   

4.   The higher rates of CDI infection in IBD patients than in control population reported in 

the administrative database studies should be stated at the beginning of the conclusions 

before the comments on the increasing incidence. 

We have changed this text as requested. 

 

Authors should revise the alignment of the Tables. 

We will ensure that all the tables are aligned accorded to the house style during editing and 

typesetting.  

Page 4 of 37Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

 

  

 

In Table 2 are reported all the 15 studies, including the study excluded from analysis , 

instead in Table 1 are reported only the studies included in the analysis. 

 All studies that reported the incidence (using a population based denominator) are included 

in each table. We chose to leave all the studies in each table to highlight the differences in 

ways in which studies were reported.  Reviewer 3 appears to condone this approach. 

 

Reviewer: 3 

Comments for Transmission to the Authors  

I commend the authors for this excellent review which is presented in a structured, easy to 

understand manner. The results have been presented very well in a coherent fashion. In 

particular, care has been taken to avoid pooling of heterogeneous studies.  I have no 

additional comments or suggestions. 

 

 

We hope that the changes we have made to the manuscript are acceptable. 

 

Best wishes, 

Yours sincerely,  

 
David Rampton 

Prof of Clinical Gastroenterology  

d.rampton@qmul.ac.uk 
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ABSTRACT 

Background: There is increasing concern about the apparently rising incidence and worsening outcome of 

Clostridium difficile infection (CDI) associated with inflammatory bowel disease (IBD). We have systematically 

reviewed the literature to evaluate the incidence, risk factors, endoscopic features, treatment and outcome of 

CDI complicating IBD.  

 

Methods: Structured searches of Pubmed up to September 2010 for original, cross-sectional, cohort and case-

controlled studies were undertaken. 

 

Results: Of 407 studies, 42 met the inclusion criteria: their heterogeneity precluded formal meta-analysis. CDI 

is commoner in active IBD, particularly ulcerative colitis, than in controls. Certainty about a temporal trend to 

its increasing incidence in IBD is compromised by possible detection bias and miscoding. Risk factors include 

immunosuppressants and antibiotics, the latter less commonly than in controls. Endoscopy rarely shows 

pseudomembranes and is unhelpful for diagnosing CDI in IBD. There are no controlled therapeutic trials of CDI 

in IBD. In large studies, outcome of CDI in hospitalised IBD patients appears worse than in controls.  

 

Conclusions: The complication of IBD by CDI has received increasing attention in the past decade, but whether 

its incidence is really increasing or its outcome worsening remains unproven. Therapeutic trials of CDI in IBD 

are lacking and urgently needed. 
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BACKGROUND 

Clostridium difficile is a gram positive spore-forming bacterium whose effects range from asymptomatic 

carriage through mild diarrhoeal disease to fulminant colitis. Although pseudomembranous colitis was first 

described in 1893, the microbiological characterisation of C. difficile did not occur until 1935 
1, 2

. Despite this, 

the causal association between the two was established only in the 1970s, when Tedesco et al reported 

C.difficile-induced diarrhoea in 21% patients given clindamycin, half of whom had pseudomembranes at 

endoscopy
3
. Since then nearly all broad spectrum antibiotics have been implicated in the acquisition of C. 

difficile infection (CDI), which is now the most common nosocomial infection in the UK
4
.   

The changing face of C. difficile infection 

Historically, C. difficile was considered an infrequent nuisance complicating necessary antibiotic usage in 

mostly elderly hospitalised patients. Even allowing for the change to mandatory case reporting in 2004, it 

seems remarkable now that in the UK in 1990 there were apparently only 1172 cases of CDI nationwide: in 

2008 there were over 50,000 
5
.  In recent years, as well as a rising incidence, there has been  a skew in the 

spectrum of illness towards a more severe disease course with more fatalities, in part explained by the 

emergence of the hypervirulent NAP1/027 strain exemplified by the outbreak in Quebec in 2002 
6
 and now 

reported across North America and Northern Europe 
7
.  

C. difficile and inflammatory bowel disease  

The characteristics of diarrhoeal relapse in IBD are often indistinguishable from those of enteric infections, 

including C. difficile. The marked differences in therapeutic approach, that is, specific antibiotic therapy versus 

escalation of immunosuppression to treat CDI and active IBD relapse respectively, emphasise the importance 

of promptly identifying superimposed infection. Recent epidemiological data report more cases of CDI in IBD 

than controls and a worse outcome in patients with IBD 
8-10

. 

We have now sought to review systematically the literature, using PRISMA guidelines 
11

, in order to evaluate 

not only temporal trends in incidence and associated mortality rates, but also disease-specific risk factors, 

diagnosis and treatment of C. difficile infection in patients with established IBD.  

METHODS 

1. Search criteria 

Structured searches of Pubmed were conducted using the medical subject heading terms (MeSH) 

“inflammatory bowel disease” and “clostridium difficile”; the search was repeated using “Crohn’s disease” and 

“ulcerative colitis” in place of “inflammatory bowel disease”.  This search was last performed on 13
th

 

September 2010.  Eligible studies as well as relevant review articles were hand searched to identify any 
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additional studies omitted by the database searches. Non-English language articles were included and 

translated when required. 

2. Eligibility criteria 

Published studies of incidence of CDI, its association with relapse of IBD, temporal trends, disease-specific risk 

factors, diagnosis and endoscopic features, treatments and outcomes, including recurrence of CDI in IBD were 

eligible. Titles and abstracts were screened for their relevance, and all eligible articles were assessed in full. 

Adult and paediatric cross-sectional, case-control and cohort studies, but not case reports or reviews were 

included. In vitro and animal studies were excluded. We have not attempted to review studies focussing on the 

pathogenesis of CDI in IBD. JRG and WA independently reviewed all identified citations to determine eligibility 

for inclusion. Discrepancies were resolved by consensus of the study team.  

3. Data Abstraction  

Using a standardized abstraction tool, the following data points were collected for each included study: 

location and design, sampling time frame, number of patients included with ulcerative colitis (UC) or Crohn’s 

disease, age, method of diagnosis, incidence of CDI by conventional culture and the presence of its toxins, risk 

factors for acquisition, treatment and outcome (length of stay, colectomy, recurrence, mortality rates). 

4. Case ascertainment 

Case definition: Most authors now agree that laboratory tests should be limited to diarrhoeal stool samples, 

defining a case of CDI by a positive toxin assay from a stool that takes the form of its container
12

. 

Unfortunately, no universal definition of a case of CDI associated with IBD has been adopted by researchers 

publishing on this topic. Therefore, we have grouped the studies according to whether the populations 

reported included patients exclusively in diarrhoeal relapse (true CDI) (Table 1), patients with quiescent as well 

as active IBD (Table 2) or quiescent disease only. In order to avoid bias by including duplicate positive samples 

from a single individual, wherever possible we have presented the number of patients infected and not the 

number of positive stool samples tested: studies that reported only proportions of positive stool samples were 

excluded from the summative analyses. 

Diagnostic testing: Stool culture that allows antibiotic sensitivity testing and strain typing is widely available 

and, until recent advances in polymerase chain reaction (PCR), has been considered the most sensitive method 

of C. difficile detection. Importantly in view of the above definition of CDI, it cannot detect toxin production. 

Cell cytotoxicity assays are both sensitive and specific but are labour intensive, expensive and require 2 days to 

complete: despite being able to detect toxin at much lower levels, they have been largely superseded by 

immunological assays. We have reported separately the proportions of patients with culture and toxin-positive 

infections, outlining the method of diagnosis used in each instance. For patients with toxin-positive infections, 

we have reported, where available, the proportions with colonic disease, exposure to preceding antibiotics, 
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and with suspected or proven nosocomial acquisition. We have considered separately more recent studies that 

have relied on diagnostic coding to identify CDI cases from nationwide insurance databases (Table 3).  

Quantitative analysis 

The marked heterogeneity in study designs and definitions of CDI used, as well as diagnostic techniques 

employed, limited the overall quantitative summaries to mean (95% confidence intervals [CI]) proportions 

weighted according to the sample size 
13

; more complex analysis of the data was considered futile.
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RESULTS STUDIES  

In the interests of brevity and convenience for the reader, we have followed each of the main results sections 

(3-8 below) with relevant comments, rather than combining them in the Discussion.  

1. Search results 

A total of 407 studies were returned using the Pubmed search criteria described above; an additional 2 studies 

were identified by searching the other papers’ reference lists (Figure 1). 195 studies were excluded on the 

basis of the title and abstract as shown in Figure 1. 54 
14-67

 studies were assessed in full for eligibility, of which 

12 
54-57, 59-62, 64-67

 were excluded for the reasons shown in Figure 1: overall 42 records were included in the 

qualitative synthesis.   

2. Overview of included studies 

The majority of the studies included were single-centred (81% [34/42]), and conducted in North America (48% 

[20/42]) or Europe (45% [19/42]). Patients were recruited to these studies between 1979 and 2008. Overall, 

55% [23/42] were prospective cohort studies.  The remainder were retrospective observational studies. 

The primary aim in 86% [36/42] studies was to report the incidence of CDI in IBD.  The remainder were 

designed to define risk factors for acquisition and/or to report outcomes following infection.         
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Figure 1: PRISMA
11

 flow diagram describing the identification, screening, eligibility and inclusion of studies.  
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407 records identified through 

database search 

2 records identified through 

other sources  

249 records screened after 

duplicates removed 

42 records included in qualitative 

synthesis  

54 full text articles assessed for 

eligibility  

Records excluded (195) 

• IBD & CDI Case reports (39) 

• Non IBD &/or CDI Case reports  (19) 

• IBD & CDI Reviews (20) 

• Non IBD &/or CDI reviews (85) 

• Non IBD &/or CDI original papers (18) 

• In vitro & animal studies (14) 

 Records excluded (12) 

• IBD reported as  a risk factor in 

population-based cohort studies (4) 

• Case report/series (3) 

• Non IBD or mixed denominator (2) 

• Letters to Journals (2) 

• Study of cultured mucosal biopsies (1) 
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3. Incidence of CDI in IBD 

The studies analysed in sections a-c below reported the incidence of CDI, measured by culture and/or toxin 

assay, in cohorts of patients with IBD which was active 
14-16, 19-21, 23-26, 28-30, 32

 (Table 1), of mixed activity 
17, 18, 22, 

27, 31, 33-41, 45, 68
 (Table 2) or quiescent 

50
. In section d the results of United States (US) nationwide diagnostic 

coding-based case-controlled studies (Table 3), that did not require laboratory based confirmation of CDI are 

described 
42, 43, 46, 63, 69

.  

a. Studies of patients in diarrhoeal relapse 

Of the 35 studies reporting the incidence of CDI in IBD (Tables 1-3), only 40% [14/35] included patients 

exclusively in relapse and therefore satisfied the criteria for CDI. They included 640 patients with UC, 480 with 

Crohn’s disease, and 40 with colitis of uncertain type or aetiology (CUTE) (Table 1). The median [range] 

number of IBD patients in each study was 60 [18-284]. One study was excluded from the following analysis 

because the authors reported the incidence of CDI using the number of positive stool samples tested
28

. There 

were no significant differences in the weighted mean [weighted 95% CI] incidence of CDI in adult patients with 

UC or Crohn’s disease by either culture (UC 6.7% [5.6-11.4], Crohn’s disease 8.8% [2.5-15.1]) or toxin assay (UC 

3.1% [0.1-6.2], Crohn’s disease 7.0% [1.8-12.2]).   

Two studies
19, 25

 reported incidence rates of CDI in IBD in children.  The weighted mean incidence of CDI in IBD 

by toxin was higher than in adult patients 26.1% [16.1-36.1]. Only one of these studies reported the incidence 

in UC and Crohn’s disease separately, so no further comparative analysis was made.  

Comments: The observation that CDI seems to be as common in active UC as in active Crohn’s is surprising 

given C. difficile’s predilection for the colon
70

, and the fact that about half of adults with Crohn’s have terminal 

ileal disease with little or no colonic involvement
71

. It is possible that because of the relatively small sample 

sizes of each study, differences in the incidence rates between UC and Crohn’s may have been missed. It is also 

possible that the apparent incidence of CDI in Crohn’s disease was boosted by the preferential testing for CDI 

of patients with Crohn’s colitis by clinicians believing the infection to be unlikely in patients with small bowel 

disease. Further elucidation of this explanation is impossible because too few studies reported Crohn’s disease 

phenotypes.  

The significantly higher rates of CDI complicating IBD in paediatric studies compared with those in adults could 

be due to several factors.  Firstly, faeco-oral ingestion of spores may be more common in children
45, 58

 than in 

adults. Secondly, and in relation to IBD, children are more likely than adults to have colonic Crohn’s disease 

and to have extensive UC
72-74

: not only the site of the underlying disease but also the immunosuppression and 

antibiotics used to treat it may be a risk factor for acquisition (see section 5 below). 

b. Studies of patients with mixed disease activity. 
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Fifteen further studies, three of which were retrospective, reported the incidence of CDI in patients who were 

not stratified for disease activity (Table 2). They included 1810 patients with UC and 3311 with Crohn’s disease 

as well as a group of 28 patients with undefined IBD. The median [range] number of IBD patients in each study 

was 54 [10-3397]. Based on sample size, two outlying studies were identified, Issa et al
36

  (n=999) and 

Rodemann et al 
39

 (n=3397). 1
18

/11 studies in adults reported the proportions of positive stool samples tested 

and were excluded from the following analysis. There were no significant differences in the weighted mean 

incidence of CDI in adult patients with UC or Crohn’s disease of mixed activity by either culture (UC 4.1% [-1.4-

9.6], Crohn’s disease 10.1% [3.3-16.9]) or toxin assay (UC 5.7% [2.9-8.5], Crohn’s disease 2.4% [0.5-4.3]).    

The weighted mean incidence in three studies that included only children with IBD of mixed disease activity 

reported the incidence of CDI by toxin assay in UC at 36.5% [-0.8-73.6] and in Crohn’s at 31.9% [1.1-62.8], 

again suggesting a trend towards higher incidence in children than in adults.  

Only 4/10
19, 28, 34, 35

 studies that reported the relationship between cdi and disease activity found a positive 

association.  

Comments: As with the studies of patients in relapse there was no significance difference in the incidence of 

CDI in UC and Crohn’s in the studies of patients with mixed disease activity: the reasons for this are likely to be 

similar to those above (see comments 3a). The larger cohort studies by Issa
36

 and Rodemann
39

 contained 

enough cases of CDI to allow identification of risk factors including disease type. They reported that the 

incidence of CDI in UC (6% and 4% respectively) was approximately double that in Crohn’s disease (4% and 2% 

respectively).  However, care has to be taken when interpreting these studies: both were retrospective and 

may have been subject to bias because of under-testing for C. difficile and missing data.   

Because patients with both active and inactive disease were included, it is unclear from the studies shown in 

Table 3 whether or not there is an association between CDI and IBD activity. Indeed, this heterogeneous group 

of studies may have been under-powered to detect one. Alternatively, in the absence of criteria specifying 

diarrhoea at inclusion, the lack of association between CDI and IBD activity may be explained by C. difficile 

being a frequent commensal in IBD, a conclusion supported by a study of C. difficile colonisation in patients 

with inactive IBD
50

 (see Section c below).  

c. Studies of patients in remission 

One prospective study has compared the colonization rate of adults with quiescent IBD with that of healthy 

controls
50

 using polymerase chain reaction (PCR) and pulsed field gel electrophoresis to detect and type C. 

difficile. To eliminate confounding influences and study the effect of IBD alone, patients hospitalised and/or 

treated with antibiotics or immunosuppressants within 6 months of recruitment were excluded. Adults with 

IBD were more frequently colonised with toxigenic strains of C. difficile than healthy controls (UC 9% [6/64], 

Crohn’s 7% [4/58], controls 1% [1/99]). The marked heterogeneity of strains identified and the strict inclusion 
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criteria of this study, indicates acquisition in the community rather than from a limited number of healthcare 

sources
50

.  

Comments: The reason why patients with IBD are more frequently colonised than controls has not yet been 

elucidated.  

d. Association of C. difficile with IBD in studies using diagnostic coding 

Utilising data from the US Healthcare Cost and Utilisation Project (HCUP) Nationwide Inpatient Sample (NIS), 4 

studies using International Classification of Disease (ICD) diagnostic coding to identify cases have employed a 

retrospective nested case-controlled design to compare CDI rates and outcomes in hospitalised IBD patients 

and controls (Table 3). In these studies, the co-incident hospitalisation rate of CDI and UC is about 3%,  and of 

CDI and Crohn’s disease 1%, both higher than in the control population (0.5%), but lower than in most of the 

single centre studies described above (Tables 1 and 2).  

Comments: The differences in reported rates of CDI in IBD patients between these large-scale epidemiological 

studies of hospitalised patients and the single centre studies outlined in Tables 1 & 2 may have several 

explanations. Firstly, the large database studies because of their retrospective design may have 

underestimated the incidence of C. difficile as a result of miscoding, missed diagnoses and under-testing for 

the organism. The accuracy of ICD coding for CDI has been assessed and although it is 99% specific when 

compared to microbiological data, its sensitivity was only 82%
75

. Secondly, these studies may conceivably have 

overestimated the denominator (IBD) in these calculations as the cause of the relevant hospital admission: this 

could be a consequence of the coding phenomenon labelled diagnostic creep
76

. Thirdly, the studies shown in 

Tables 1 and 2 included a mix of in- and out-patients, and it is possible that these two patient groups have 

different CDI rates.  Fourthly, including only patients who are insured will tend to exclude patients of lower 

socio-economic status, a factor which although unproven might lead to underestimation of CDI rates. Finally, 

publication bias in the heterogeneous and mostly small cohort studies may account for a relatively higher rate 

in incidence reported by the single centre studies, since small cohort studies showing low CDI rates may not 

have been accepted or even submitted for publication; in contrast, studies reporting higher incidence rates, 

for example following a significant single centre outbreak, are more likely to have been considered favourably 

by journal editors.   Differences in study design may also explain why the database studies, unlike those listed 

in Tables 1 and 2, have shown a higher rate of CDI in UC than in Crohn’s disease. 

Sonnenberg’s analysis of data from the HCUP NIS database
63

 suggests a north-south divide in the USA, with 

states in the north-east having a higher prevalence of CDI and associated mortality than those in the south. It 

is not clear whether there is an environmental risk factor predisposing IBD patients to CDI in the north, or if C. 

difficile is shaping the geographic patterns of IBD admission. 
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4. Temporal changes in the incidence of CDI in IBD 

In view of recent data from the general population showing that the incidence of C. difficile is increasing over 

time
5, 77

, we examined the literature for temporal changes of the incidence of CDI complicating IBD.   

There was no temporal trend over the years 1980-2010 in the published incidence rates for CDI in the fourteen 

studies (Table 1) that reported it in patients in relapse of either UC or Crohn’s disease.  In contrast, the data 

from the two large studies of Issa et al
36

 and Rodemann et al
39

 that confirmed toxin-positive disease, and from 

those relying on diagnostic coding (Table 3), all suggest a steady increase in incidence in the last 10 years, 

particularly in UC and colonic Crohn’s disease.  

Comments: Why is there an apparent steady increase in the incidence of CDI complicating IBD in the very large 

studies but not in the smaller ones? It is difficult to determine from the former the extent to which the 

observed trend is due to increased clinical awareness of and therefore testing for CDI in patients presenting 

with active IBD, or to diagnostic creep
76

. Conversely, given the different populations studied and diagnostic 

methods used, it is not possible to amalgamate data from all the studies to evaluate temporal trends in CDI 

incidence.  

5. Risk factors for acquisition of C. difficile in IBD 

One of the major advantages of the database (Table 3) and other large studies
36, 39

  is that their large sample 

sizes allows identification of risk factors associated with, if not causal for, acquisition and associated mortality 

of CDI in IBD. Against the usefulness of the database studies in this respect is that only a limited number of 

potential risk factors are entered onto the HCUP database: perhaps most importantly it is not possible to 

determine IBD activity from these studies. 

 

a. Age & co-morbidity 

Nguyen et al
43

 reported in adults that, like in the general population, increasing age and co-morbidity increase 

the risk of acquisition of CDI in IBD. However, the average age of CDI in IBD cohorts is much lower than in the 

general population controls, suggesting that patients with IBD have different risk profiles (Table 3). 

 

b. Community versus nosocomial infection 

C. difficile is the most common nosocomial infection in the UK.  However, community-acquisition is recognised 

in the general population and is estimated at running between 10.7%
78

 and 20.3%
79

. Patterns of acquisition in 

IBD appear to differ from those of the general population. In keeping with the data from Clayton et al
50

 

suggesting multiple community sources rather than acquisition of C difficile by patients with IBD from a limited 

number of healthcare sources, nosocomial acquisition, where reported, was suspected in only 26% (5/19) of 

patients with relapse (Table 1) and in 12% (13/109) of those with mixed disease activity (Table 2).  
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c. IBD Phenotype 

Based on those studies adequately powered to detect a difference and accepting their limitations as outlined 

above (Sections 3d and 4), patients with UC seem to be more at risk 
36, 42-44, 46

 than patients with small bowel if 

not colonic Crohn’s disease
44

. Furthermore, in UC, patients with more extensive disease appeared to be at 

greater risk than those with distal disease alone, in the one adequately-powered study that has reported it 
36

.  

 

d. Drug Usage 

The main pharmacological risk factor for CDI in the general population is use of broad spectrum antibiotics
80

. 

Patients taking immunosuppressants and proton pump inhibitors (PPIs) are also frequently affected 
54, 55

.    

Antibiotic use in IBD, however, is less of a prerequisite for CDI than in the non-IBD population. Where 

reported, and taken together (Table 1), only 43% (23/54) toxin-positive relapse samples were associated with 

antibiotic use (up to 3 months before inclusion). Similarly, for those patients with mixed IBD activity (Table 2), 

only 52% (51/98) toxin-positive samples were associated with preceding antibiotic use.  

Single centre cohort studies have infrequently reported immunosuppression as a risk factor, perhaps because 

most were conducted before the widespread use of immunosuppressants, and were therefore underpowered 

to detect small effect sizes. Issa et al reported that immunosuppression, defined as any of thiopurines, 

methotrexate and/or steroids, doubles the risk of CDI (OR 2.58 95%CI 1.28 - 5.12) in patients with IBD
36

. The 

database studies
42-44, 46, 63

 do not include pharmacological data and so were unable to report on drug risk 

factors. Schneeweiss et al, by combining insurance healthcare records and a pharmacological database from 

admissions in British Columbia, found no association with infliximab or immunomodulator use and admission  

of IBD patients with C. difficile infection: corticosteroids, however, increased the risk three fold (OR 3.3 95%CI 

1.53 - 4.57) 
52

. 

PPI use has been reported in only 2 studies in IBD
38, 48

 and the numbers of patients taking them were too small 

to detect significant effects. 

 

6. CDI in specific IBD-related circumstances 

Pouchitis and enteritis: In a study omitted from the above analyses because it restricted its inclusion to 115 

patients with an ileo-anal pouch for UC, C. difficile was detected by ELISA in the stools in 18% (21/115) 

patients. There was a positive association with pouch disease activity scores and endoscopic inflammation, 

which improved with treatment with rifamixin or tinidazole
53

. On multivariate analysis, risk factors associated 

with CDI included male gender (OR 5.1 [95% CI, 1.4-20.5) and distal disease preoperatively (OR 8.4 [95%CI1.3-

56.4].   C. difficile infection has been reported to cause an acute enteritis in IBD patients with ileostomies in 

several case studies (for review
81

) and colitis in the rectal stump of a patient with ileostomy and sub-total 

colectomy for UC
82

. 
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7. Endoscopic features of CDI in IBD 

While there have been no studies comparing different microbiological methods of diagnosis CDI in patients 

with IBD, flexible endoscopy has been assessed as a diagnostic method in this setting. Pseudomembranes, 

comprised of neutrophil degradation products, fibrin, and bacterial remnants filling the intestinal crypt, are 

characteristic of C. difficile infection and at endoscopy are seen in approximately 50% of patients without 

IBD
83

. However, in 7 studies in patients with IBD
31, 32, 35-37, 47, 49

 only 9% (13/150) patients were found to have 

pseudomembranes at sigmoidoscopy or colonoscopy. In one study, fever at onset predicted 

pseudomembranes at subsequent endoscopy 
47

. 

Comments: Why pseudomembranes are infrequently seen in IBD is unclear, but flexible endoscopy cannot be 

recommended for diagnosis of CDI in patients with IBD.  

8. Treatment and outcome of CDI in IBD 

There is very little data, and in particular there are no controlled trials of the efficacy of antibiotics or other 

treatments for CDI in IBD. 

Medical treatment: Where reported in the studies shown in Tables 1 & 2, 88% (300/340) patients were 

treated with metronidazole, vancomycin or both. In most cases (88% [258/292 patients]), this treatment was 

apparently successful. 

Since the symptoms of active IBD are usually indistinguishable from those of CDI, CDI in patients with IBD is 

frequently treated with both antibiotics and immunosuppression, particularly corticosteroids.  In a 

retrospective cohort study from centres across Europe
48

, 12% [11/104] patients given antibiotics together with 

immunomodulators reached a composite endpoint of death or colectomy within 3 months of admission or in-

hospital megacolon, bowel perforation, haemodynamic shock or respiratory failure, compared with none of 51 

given antibiotics alone. This difference did not appear to be explained by the patients given combined therapy 

being sicker at the outset than those given antibiotics alone. Use of more than one immunomodulator 

increased the risk of having an adverse outcome independently of disease severity at presentation (OR 17 

95%CI 3.2-91).  

Comments: In the absence of prospective randomised controlled data, antibiotic therapy alone for CDI 

occurring in patients with acute severe IBD cannot yet be recommended. In sick inpatients, it remains entirely 

reasonable to start patients on intravenous corticosteroids and metronidazole or vancomycin while awaiting 

the results of C. difficile assay. Conversely in less unwell outpatients, decision making can often await the 

result of stool testing.     

Recurrence of CDI in IBD: We could find no relevant studies in adults.  One retrospective nested case control 

study in children defined recurrence as a separate episode of CDI within 60 days of the index infection, with 

microbiological evidence of CDI clearance between the two infections.  34% [38/111] children with IBD 
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experienced a recurrence, significantly more than in the non-IBD controls (7.5%). No difference in recurrence 

rates were seen according to the use of acid suppression or immunosuppressants, or to whether 

metronidazole or vancomycin was used to treat CDI
58

. Wultanska et al in their prospective cohort of Polish 

children reported that 17% of their 58 patients experienced a recurrence, but did not insist on microbiological 

evidence of CDI clearance between the first and subsequent infection. Indeed, when strains were genotyped 

using PCR ribotyping, similar proportions of patients had acquired a new strain (re-infection) as had persistent 

carriage of the original one
45

.  

Comments: Although this data is limited, the former by being retrospective and subject to bias in relation to 

how controls were identified
58

, and the latter by the imprecise definition of recurrence
45

, it suggests that, at 

least in children with IBD, there is an increased risk of recurrence of CDI.       

Colectomy rates and length of stay: Contradictory data are reported concerning length of hospital stay (LOS). 

In the studies using NIS HCUP data, the LOS was significantly longer (up to 3 days longer) in the IBD patients 

than in controls (Table 3).  In contrast, reports from most single centre cohorts suggest that the LOS of IBD 

patients with CDI is similar to or shorter than that of CDI controls
36, 51

. 

Variable rates of colectomy have been reported in IBD complicated by CDI (Tables 1 - 3). Analysis of the NIS 

HCUP for colectomy rates is unhelpful, since IBD patients’ admissions are frequently for elective surgery, a fact 

likely to make a substantial contribution to the 6 fold increase reported over the colectomy rate for patients 

with CDI unrelated to IBD (Table 3). Jodorkovsky et al 
51

, describing the long term outcome of 46 UC patients 

with superimposed CDI treated with appropriate antibiotics, reported that over the following year 44% of the 

UC – CDI patients had come to colectomy compared with only 25% in the non-infected UC control group; these 

figures are similar to the colectomy rates reported by Issa et al in their IBD cohort in 2004 (45%) and 2005 

(25%)
36

. These US colectomy rates are much higher than the immediate rates reported from Europe by 

Bossuyt et al
49

 [5% (1/15)], and Ben-Horin et al
48

 [6% (9/152)].  Indeed colectomy was reported in only 1 of 49 

patients in whom outcome was detailed in the single centre studies shown in Table 1. 

Comments: The conflicting rates in LOS and colectomy in the above studies could conceivably be accounted for 

by differences in the interests and experience of the primary caring physician as well as in the threshold for 

surgery.  The single centre cohort experiences were reported by gastroenterologists with interests not only in 

IBD but also C. difficile.  It is likely that the index of suspicion for diagnosis of, rates of testing for, and use of 

empiric treatment of CDI would be higher in these specialist centres than those associated with the practice of 

less specialist physicians sampled in the NIS HCUP databases.  Furthermore, although specific ribotypes were 

not reported by Jodorkovsky or Issa et al, the hypervirulent strain NAP1/027 was endemic in the USA during 

their sampling time frames and might have contributed to the higher colectomy rates occurring in the USA 

than Europe 
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Mortality: Similar discrepancies exist for data regarding mortality.  The NIS HCUP database studies suggest 

that about 4% patients with CDI complicating IBD will die on that admission, the risk factors for mortality being 

increasing age, co-morbidity, treatment in a teaching hospital, intestinal surgery and lack of an insurance 

policy. In contrast, taking all the deaths in each of the included cohort studies (Tables 1&2 and references 
48, 

51
), only 0.6% (3/797) patients died, a rate similar to the background mortality rate for IBD reported in the 

database studies.   

Comments: Possible explanations for these contrasting mortality rates include the facts that in the database 

studies all of the patients were in hospital and therefore presumably more unwell than many of those in the 

cohort studies reporting on both out- and in-patients, and that their average age was higher. The database 

studies are restricted to all-cause mortality on that admission whereas the deaths reported in the single centre 

cohorts were more likely to be C. difficile-related. Furthermore, at least in the Anathankrishnan dataset 
42

, 

when the mortality rates were re-analysed by primary (IBD) versus secondary diagnosis (other co-morbidity), 

after removal of the cases where IBD was listed as a secondary diagnosis, the association between mortality 

and IBD was no longer statistically significant 
42

.                     

CONCLUSIONS 

C. difficile infection has become a major public health problem.  Although the US administrative database 

studies suggest that the incidence of CDI in IBD, as in the general population, is increasing, their design makes 

it hard to distinguish the extent to which this reflects growing awareness of CDI in IBD, with consequent 

detection bias. Infection without prior healthcare contact or antibiotic exposure is common in IBD patients. 

IBD appears to be an independent risk factor for commensal carriage compared with the general population, 

and the difference in risk profile between IBD patients and the general population warrants further 

investigation. Endoscopy is rarely helpful in diagnosing CDI in patients with IBD. Unfortunately, there have 

been no prospective studies of treatment of CDI specifically in patients with IBD but these are urgently needed 

given the apparently adverse outcome associated with the use of combined antibiotic and 

immunosuppressant therapy compared with antibiotics alone. Therapeutic decision-making would be easier 

with the development of more rapid, for example PCR-based, methods of detection of C difficile. For the 

moment, however, a high index of suspicion for CDI in all patients presenting with active colonic IBD is 

essential.       

Page 20 of 37Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

   Systematic Review: Clostridium Difficile & IBD 

 

16 

 

REFERENCES 

1. Finney J. Gastro-enterostomy for circatrizing ulcer of the pylorus. . Bull Johns Hopkins Hosp 

1893;4:53. 

2. Hall IC, O' Toole E. Intestinal flora in new born infants: with a description of a new pathogenic 

anaerobe, bacillus difficilis. Am J Dis Child 1935;49:390. 

3. Tedesco FJ, Barton RW, Alpers DH. Clindamycin-associated colitis. A prospective study. Ann Intern 

Med 1974;81(4):429-33. 

4. Bartlett JG, Moon N, Chang TW, Taylor N, Onderdonk AB. Role of Clostridium difficile in antibiotic-

associated pseudomembranous colitis. Gastroenterology 1978;75(5):778-82. 

5. Agency HP. Clostridium difficile infection: How to deal with the problem. In. London: Health 

Protection Agency; 2008. 

6. Pepin J, Valiquette L, Alary ME, et al. Clostridium difficile-associated diarrhea in a region of Quebec 

from 1991 to 2003: a changing pattern of disease severity. CMAJ 2004;171(5):466-72. 

7. McFarland LV. Renewed interest in a difficult disease: Clostridium difficile infections--epidemiology 

and current treatment strategies. Curr Opin Gastroenterol 2009;25(1):24-35. 

8. Ananthakrishnan AN, Issa M, Binion DG. Clostridium difficile and inflammatory bowel disease. 

Gastroenterol Clin North Am 2009;38(4):711-28. 

9. Issa M, Ananthakrishnan AN, Binion DG. Clostridium difficile and inflammatory bowel disease. 

Inflamm Bowel Dis 2008;14(10):1432-42. 

10. Musa S, Thomson S, Cowan M, Rahman T. Clostridium difficile infection and inflammatory bowel 

disease. Scand J Gastroenterol 2010;45(3):261-72. 

11. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and 

meta-analyses: the PRISMA statement. PLoS Med 2009;6(7):e1000097. 

12. McDonald LC, Coignard B, Dubberke E, Song X, Horan T, Kutty PK. Recommendations for 

surveillance of Clostridium difficile-associated disease. Infect Control Hosp Epidemiol 2007;28(2):140-5. 

13. Bland JM, Kerry SM. Statistics notes. Weighted comparison of means. BMJ (Clinical research ed 

1998;316(7125):129. 

14. Bolton RP, Sherriff RJ, Read AE. Clostridium difficile associated diarrhoea: a role in inflammatory 

bowel disease? Lancet 1980;1(8165):383-4. 

15. Brown WJ, Hudson MJ, Patrick S, et al. Search for enteric microbial pathogens in patients with 

ulcerative colitis. Digestion 1992;53(3-4):121-8. 

16. Burke DA, Axon AT. Clostridium difficile, sulphasalazine, and ulcerative colitis. Postgrad Med J 

1987;63(745):955-7. 

17. Dorman SA, Liggoria E, Winn WC, Jr., Beeken WL. Isolation of Clostridium difficile from patients 

with inactive Crohn's disease. Gastroenterology 1982;82(6):1348-51. 

Page 21 of 37 Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

   Systematic Review: Clostridium Difficile & IBD 

 

17 

 

18. Greenfield C, Aguilar Ramirez JR, Pounder RE, et al. Clostridium difficile and inflammatory bowel 

disease. Gut 1983;24(8):713-7. 

19. Gryboski JD. Clostridium difficile in inflammatory bowel disease relapse. J Pediatr Gastroenterol 

Nutr 1991;13(1):39-41. 

20. Gurian L, Klein K, Ward TT. Role of Clostridium difficile and Campylobacter jejuni in relapses of 

inflammatory bowel disease. West J Med 1983;138(3):359-60. 

21. Gursoy S, Guven K, Arikan T, et al. Clostridium difficile infection frequency in patients with 

nosocomial infections or using antibiotics. Hepatogastroenterology 2007;54(78):1720-4. 

22. Jonard PP, Fiasse R, Delmeee M, Vanheuverzwijn R, Dive C. [Clostridium difficile and its toxin in a 

series of cases of Crohn's disease and ulcerative colitis]. Acta Gastroenterol Belg 1983;46(5-6):220-9. 

23. Keighley MR, Youngs D, Johnson M, Allan RN, Burdon DW. Clostridium difficile toxin in acute 

diarrhoea complicating inflammatory bowel disease. Gut 1982;23(5):410-4. 

24. Lishman AH, Al-Jumaili IJ, Record CO. Spectrum of antibiotic-associated diarrhoea. Gut 

1981;22(1):34-7. 

25. Markowitz JE, Brown KA, Mamula P, Drott HR, Piccoli DA, Baldassano RN. Failure of single-toxin 

assays to detect clostridium difficile infection in pediatric inflammatory bowel disease. Am J Gastroenterol 

2001;96(9):2688-90. 

26. 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(9):772-5. 

27. 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(4):697-70. 

28. Mylonaki M, Langmead L, Pantes A, Johnson F, Rampton DS. Enteric infection in relapse of 

inflammatory bowel disease: importance of microbiological examination of stool. European Journal of 

Gastroenterology & Hepatology 2004;16(8):775-778. 

29. Navarro-Llavat M, Domenech E, Bernal I, et al. Prospective, observational, cross-sectional study of 

intestinal infections among acutely active inflammatory bowel disease patients. Digestion 2009;80(1):25-9. 

30. Rolny P, Jarnerot G, Mollby R. Occurrence of Clostridium difficile toxin in inflammatory bowel 

disease. Scand J Gastroenterol 1983;18(1):61-4. 

31. Trnka YM, LaMont JT. Association of Clostridium difficile toxin with symptomatic relapse of chronic 

inflammatory bowel disease. Gastroenterology 1981;80(4):693-6. 

32. Weber P, Koch M, Heizmann WR, Scheurlen M, Jenss H, Hartmann F. Microbic superinfection in 

relapse of inflammatory bowel disease. J Clin Gastroenterol 1992;14(4):302-8. 

33. Willumsen L, Tvede M. [Clostridium difficile in the feces in acute diarrhea, irritable colon and 

ulcerative colitis]. Ugeskr Laeger 1983;145(12):902-4. 

Page 22 of 37Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

   Systematic Review: Clostridium Difficile & IBD 

 

18 

 

34. Balamurugan R, Balaji V, Ramakrishna BS. Estimation of faecal carriage of Clostridium difficile in 

patients with ulcerative colitis using real time polymerase chain reaction. Indian J Med Res 2008;127(5):472-

7. 

35. Hyams JS, McLaughlin JC. Lack of relationship between Clostridium difficile toxin and inflammatory 

bowel disease in children. J Clin Gastroenterol 1985;7(5):387-90. 

36. Issa M, Vijayapal A, Graham MB, et al. Impact of Clostridium difficile on inflammatory bowel 

disease. Clin Gastroenterol Hepatol 2007;5(3):345-51. 

37. Kochhar R, Ayyagari A, Goenka MK, Dhali GK, Aggarwal R, Mehta SK. Role of infectious agents in 

exacerbations of ulcerative colitis in India. A study of Clostridium difficile. J Clin Gastroenterol 1993;16(1):26-

30. 

38. 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(6):854-8. 

39. 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(3):339-44. 

40. Vaishnavi C, Kochhar R, Bhasin D, Thennarasu K, Singh K. Simultaneous assays for Clostridium 

difficile and faecal lactoferrin in ulcerative colitis. Trop Gastroenterol 2003;24(1):13-6. 

41. Wright JM, Adams SP, Gribble MJ, Bowie WR. Clostridium difficile in Crohn's disease. Can J Surg 

1984;27(5):435-7. 

42. Ananthakrishnan AN, McGinley EL, Binion DG. Excess hospitalisation burden associated with 

Clostridium difficile in patients with inflammatory bowel disease. Gut 2008;57(2):205-10. 

43. 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(6):1443-50. 

44. Ricciardi R, Ogilvie JW, Jr., Roberts PL, Marcello PW, Concannon TW, Baxter NN. Epidemiology of 

Clostridium difficile colitis in hospitalized patients with inflammatory bowel diseases. Dis Colon Rectum 

2009;52(1):40-5. 

45. Wultanska D, Banaszkiewicz A, Radzikowski A, et al. Clostridium difficile infection in Polish pediatric 

outpatients with inflammatory bowel disease. Eur J Clin Microbiol Infect Dis 2010;29(10):1265-70. 

46. Ananthakrishnan AN, McGinley EL, Saeian K, Binion DG. Temporal trends in disease outcomes 

related to Clostridium difficile infection in patients with inflammatory bowel disease. Inflamm Bowel Dis 

2010. 

47. Ben-Horin S, Margalit M, Bossuyt P, et al. Prevalence and clinical impact of endoscopic 

pseudomembranes in patients with inflammatory bowel disease and clostridium difficile infection. Journal 

of Crohn's and colitis 2009;doi:10.1016/j.crohns.2009.11.001. 

Page 23 of 37 Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

   Systematic Review: Clostridium Difficile & IBD 

 

19 

 

48. Ben-Horin S, Margalit M, Bossuyt P, et al. Combination immunomodulator and antibiotic treatment 

in patients with inflammatory bowel disease and clostridium difficile infection. Clin Gastroenterol Hepatol 

2009;7(9):981-7. 

49. Bossuyt P, Verhaegen J, Van Assche G, Rutgeerts P, Vermeire S. Increasing incidence of clostridium 

difficile-associated diarrhea in inflammatory bowel disease. Journal of Crohn's and colitis 2009;3:4-7. 

50. Clayton EM, Rea MC, Shanahan F, et al. 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(5):1162-9. 

51. Jodorkovsky D, Young Y, Abreu MT. Clinical outcomes of patients with ulcerative colitis and co-

existing Clostridium difficile infection. Dig Dis Sci 2010;55(2):415-20. 

52. 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(3):253-64. 

53. Shen BO, Jiang ZD, Fazio VW, et al. Clostridium difficile infection in patients with ileal pouch-anal 

anastomosis. Clin Gastroenterol Hepatol 2008;6(7):782-8. 

54. Dial S, Delaney JA, Schneider V, Suissa S. Proton pump inhibitor use and risk of community-acquired 

Clostridium difficile-associated disease defined by prescription for oral vancomycin therapy. CMAJ 

2006;175(7):745-8. 

55. Dial S, Kezouh A, Dascal A, Barkun A, Suissa S. Patterns of antibiotic use and risk of hospital 

admission because of Clostridium difficile infection. CMAJ 2008;179(8):767-72. 

56. Fontaine O, Ducluzeau R, Raibaud P, et al. [Comparison between the number and nature of fecal 

clostridia and other risk factors implicated in the intestinal pathology of newborn infants]. Ann Inst Pasteur 

Microbiol 1986;137B(1):61-75. 

57. Hartley MG, Hudson MJ, Swarbrick ET, Grace RH, Gent AE, Hellier MD. Sulphasalazine treatment 

and the colorectal mucosa-associated flora in ulcerative colitis. Aliment Pharmacol Ther 1996;10(2):157-63. 

58. Kelsen JR, Kim J, Latta D, et al. Recurrence rate of clostridium difficile infection in hospitalized 

pediatric patients with inflammatory bowel disease. Inflamm Bowel Dis 2010. 

59. Morimoto Y, Nomura K, Tsutsumi Y, et al. Clostridium difficile-associated diarrhea with 

hematochezia is associated with ulcer formation. Scand J Gastroenterol 2008;43(8):967-70. 

60. Nash SV, Bourgeault R, Sands M. Colonic disease associated with a positive assay for Clostridium 

difficile toxin: a retrospective study. J Clin Gastroenterol 1997;25(2):476-9. 

61. Nomura K, Fujimoto Y, Yamashita M, et al. Absence of pseudomembranes in Clostridium difficile-

associated diarrhea in patients using immunosuppression agents. Scand J Gastroenterol 2009;44(1):74-8. 

62. Riley TV, Wetherall F, Bowman J, Mogyorosy J, Golledge CL. Diarrheal disease due to Clostridium 

difficile in general practice. Pathology 1991;23(4):346-9. 

Page 24 of 37Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

   Systematic Review: Clostridium Difficile & IBD 

 

20 

 

63. Sonnenberg A. Similar geographic variations of mortality and hospitalization associated with IBD 

and Clostridium difficile colitis. Inflamm Bowel Dis 2010;16(3):487-93. 

64. Tedesco FJ, Hardin RD, Harper RN, Edwards BH. Infectious colitis endoscopically simulating 

inflammatory bowel disease: a prospective evaluation. Gastrointest Endosc 1983;29(3):195-7. 

65. Tvede M, Willumsen L. Clostridium difficile in patients with irritable bowel syndrome and ulcerative 

colitis. Lancet 1982;1(8281):1124. 

66. Wistrom J, Norrby SR, Myhre EB, et al. Frequency of antibiotic-associated diarrhoea in 2462 

antibiotic-treated hospitalized patients: a prospective study. J Antimicrob Chemother 2001;47(1):43-50. 

67. Banaszkiewicz A, Wultanska D, Pituch H, Radzikowski A. Prevalence of Clostridium difficile infection 

in Polish pediatric patients with inflammatory bowel disease. Inflamm Bowel Dis 2009;16(4):554. 

68. Navaneethan U, Shen B. Secondary pouchitis: those with identifiable etiopathogenetic or triggering 

factors. Am J Gastroenterol;105(1):51-64. 

69. Ricciardi R, Rothenberger DA, Madoff RD, Baxter NN. Increasing prevalence and severity of 

Clostridium difficile colitis in hospitalized patients in the United States. Arch Surg 2007;142(7):624-31; 

discussion 631. 

70. Bartlett JG. Clinical practice. Antibiotic-associated diarrhea. N Engl J Med 2002;346(5):334-9. 

71. Cosnes J, Cattan S, Blain A, et al. Long-term evolution of disease behavior of Crohn's disease. 

Inflamm Bowel Dis 2002;8(4):244-50. 

72. Goodhand J, Dawson R, Hefferon M, et al. Inflammatory bowel disease in young people: the case 

for transitional clinics. Inflamm Bowel Dis 2010;16(6):947-52. 

73. Van Limbergen J, Russell RK, Drummond HE, et al. Definition of phenotypic characteristics of 

childhood-onset inflammatory bowel disease. Gastroenterology 2008;135(4):1114-22. 

74. Vernier-Massouille G, Balde M, Salleron J, et al. Natural history of pediatric Crohn's disease: a 

population-based cohort study. Gastroenterology 2008;135(4):1106-13. 

75. Scheurer DB, Hicks LS, Cook EF, Schnipper JL. Accuracy of ICD-9 coding for Clostridium difficile 

infections: a retrospective cohort. Epidemiol Infect 2007;135(6):1010-3. 

76. Kaplan GG. Administrative database studies in IBD: a cautionary tale. Am J Gastroenterol 

2010;105(8):1808-10. 

77. McFarland LV. Update on the changing epidemiology of Clostridium difficile-associated disease. 

Nature clinical practice 2008;5(1):40-8. 

78. Riley TV, Cooper M, Bell B, Golledge CL. Community-acquired Clostridium difficile-associated 

diarrhea. Clinical Infectious Diseases 1995;20 (Suppl 2):S263-5. 

79. Kutty PK, Woods CW, Sena AC, et al. Risk factors for and estimated incidence of community-

associated Clostridium difficile infection. In: Emerg Infect Dis North Carolina, USA; 2010. 

80. Moshkowitz M, Ben-Baruch E, Kline Z, Shimoni Z, Niven M, Konikoff F. Risk factors for severity and 

relapse of pseudomembranous colitis in an elderly population. Colorectal Disease 2007;9(2):173-177. 

Page 25 of 37 Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

   Systematic Review: Clostridium Difficile & IBD 

 

21 

 

81. 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(2):138-42. 

82. Tsironi E, Irving PM, Feakins RM, Rampton DS. "Diversion" colitis caused by Clostridium difficile 

infection: report of a case. Dis Colon Rectum 2006;49(7):1074-7. 

83. Tedesco FJ. Antibiotic-associated colitis--an abating enigma. J Clin Gastroenterol 1981;3(3):221-4. 

 

 

Page 26 of 37Alimentary Pharmacology & Therapeutic

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

   Systematic Review: Clostridium Difficile & IBD 

 

22 

 

Patients 

 

C. difficile 

% (n/n) 

Risk Factors for toxin positive CDI 

% (n/n) 

Outcome 

% (n/n) 

Reference & 

study location 

Design & 

Setting 

Sampling 

time 

frame Disease 

(n) 

Average 

age (yrs) 

[range] 

Diagnosis 

method  

Culture  Toxin 

 

Preceding 

antibiotics 
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Bolton et al   

1980, UK 
14

  

Prospective 

inpatients 

n/r 17 UC 

7 CD 

n/r Culture  

CCA 

24% 

(4/17) 

14% 

(1/7) 

24% (4/17) 

14% (1/7) 

0/5 

(3 months) 

5/5 n/r 4/5 0/5 

Lishman et al  

1981, UK 
24

 

Prospective 

out/inpatients   

n/r 26 UC 

8 CD 

n/r Culture  

CCA 

0% 

(0/26) 

0% (0/8) 

0% (0/26) 

0% (0/8) 

n/a n/a n/a n/a n/a 

Keighley et al     

1982, UK 
23

 

Retrospective  

inpatients 

1978-

1980 

21 UC 

48 CD 

42 

[21-91] 

Culture  

CCA 

19% 

(4/21) 

19% 

(9/48) 

0% (0/21) 

4% (3/48) 

3/3 

 

n/r 3/3 3/3 0/3 

Gurian et al    

1983, USA 
20

 

Prospective 

Inpatients 

1980-

1981 

21 UC 

11 CD 

36 

n/r 

Culture  

CCA 

5% 

(1/21) 

0% 

(0/11) 

0% (0/21) 

0% (0/11) 

n/a n/a n/a n/a n/a 

Rolny et al   

1983, Sweden 

30
 

Prospective 

out/inpatients 

1980-

1981 

40 UC 

13 CD 

48 [18-82] 

29 [16-65] 

 

CCA 

n/a 

n/a 

5% (2/40) 

8% (1/13)  

0/3 2/3 n/r 0/3 1/3
C
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Burke & Axon    

1987, UK 
16

 

Prospective  

Outpatients 

1984-

1986 

62 UC 43 [19-75] Culture  

CCA 

5% 

(3/62) 

2% (1/62) 0/1 

(2 months) 

n/r n/r n/r n/r 

Gryboski J.D.  

1991, USA 
19

 

Prospective  

out/inpatients 

1986-

1990 

28 UC 

37 CD 

8 [1.5-17]  

CCA  

n/r 

n/r 

18% (5/28) 

14% (5/37) 

3/10 

(3 weeks) 

n/r 1/10 10/10 0/10 

Brown et al  

1992, UK 
15

 

Prospective 

inpatients 

n/r 94 UC n/r  

CCA 

n/a 

n/a  

0% (0/94) Exclusion 

criteria 

n/a n/a n/a n/a 

Weber et al  

1992, Germany 

32
 

Prospective 

out/inpatients 

1991-

1992 

15 UC  

49 CD 

29 [19-49] 

31 [17-62] 

Culture 

(biopsies)
  

CCA 

0% 

(0/15) 

2% 

(1/49) 

7% (1/15) 

8% (4/49) 

0/5 5/5 0/5 0/5 0/5 

Markowitz et al 

2001, USA 
25

 

Retrospective  

out/inpatients 

1996- 

1999 

85 UC  

179 CD  

20 CUTE 

13 

[0.4-22] 

 

EIA
a&b

 

n/a 29% 

(81/284) 

n/r n/r n/r n/r n/r 

Meyer et al 

2004 USA 
26

 

Retrospective  

out/inpatients 

2000-

2001 

20 UC 

14 CD 

14 CUTE 

Median 49 

[18-89] 

OIA
a
 or 

EIA
a&b

 

n/a 

n/a  

15% (3/20)   

36% (5/14) 

7% (1/14) 

9/9 

(1 month) 

n/r n/r 9/9 0/9 

Mylonaki et al  

2004 UK 
28

 

Retrospective 

out/inpatients 

1997-

2001 

146 UC 

65 CD 

2 CUTE 

n/r  

[16-81] 

 

ELISA
 a&b

 ≈
 
 

n/a 

n/a  

6% 

(13/237)  

7/13 

(Current) 

 

n/r n/r 13/13 0/13 

Gursoy et al 

2007 Turkey 
21

  

Prospective 

Inpatients 

n/r 16 UC 

2 CD 

n/r  

[20-65] 

 

EIA
a
 

 

 

0% (0/16) 

0% (0/2) 

n/a n/a n/a n/a n/a 

Navarro-Llavet Prospective 2002- 49 UC 36  n/r 2% (1/49) 1/1 1/1 1/1 1/1 0/1 
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Table 1: Studies reporting the incidence of C. difficile infection in association with relapse of IBD; n/r, not reported; UC, ulcerative colitis; CD, Crohn’s disease; CUTE, 

colitis of uncertain aetiology; CCA, cell cytotoxicity assay; n/a, not applicable; 
C
, colectomy; EIA, Enzyme immunoassay; 

a 
, toxin A; 

b
, toxin B; OIA, optical immunoassay; 

ELISA, enzyme-linked immunosorbant assay; ≈ incidence reported per stool sample tested.        

 

 

 

 

et al 2009 Spain 

29
  

Inpatients 2004 47 CD 

4 CUTE 

n/r OIA
a
 0% (0/47) 

0% (0/4) 
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C. difficile 
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Risk Factors for toxin positive 

CDI 

% (n/n) 

Outcome 

% (n/n) 

Reference & study 

location 

Design & 

Setting 

Sampling 

time 

frame 

Disease 

(n) 

Average 

Age (yrs) 

[range] 

Diagnosis 

method 

Culture 

 

Toxin 

 

Precedi

ng 

antibio

tics 

Colonic 

disease 

Nosocomi

al 

acquisition 

Treated  Surgery  

or Death 

*Trnka & Lamont  

1981, USA 
31

 

Prospective  

out/inpatients 

1979-

1980 

35 UC 

24 CD 

34 [9-72] 

43 [21-68] 

 

CCA 

n/r 11% (4/35) 

29% (7/24)  

3/11 

(2 

months

) 

8/11 n/r 8/11 n/r 

Meyers et al  

1981, USA 
27

 

Prospective  

out/inpatients 

n/r 18 UC 

26 CD 

34 [11-77] 

39 [14-62] 

 

CCA 

n/r 17% (3/18) 

4% (1/26) 

4/4 

(2 

months

) 

4/4 

 

n/r n/r n/r 

Willumsen  

1982, Denmark 
33

 

Prospective  

out/inpatients  

n/r UC 39 

CD 8 

n/r 

n/r 

Culture  

CCA 

0% 

(0/39) 

0% (0/8) 

0% (0/39) 

0% (0/8) 

n/a n/a n/a n/a n/a 

Dorman et al 1982, 

USA 
17

 

Prospective  

out/inpatients 

1980-

1981 

50 CD 35 [15-74] Culture  

CCA 

8% 

(4/50) 

0% (0/50) n/a n/a n/a n/a n/a 

Greenfield et al  

1983, UK 
18

 

Prospective 

out/inpatients  

1980-

1981 

67 UC 

42 CD 

n/r 

n/r 

Culture≈ 

CCA≈ 

12% 

(14/219) 

13% 

7% (16/219) 

5% (6/114) 

n/r  

+ve 

asscn 

n/r n/r  

+ve asscn  

n/r n/r 
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(15/114) 

*Jonard et al  

1983, Belgium 
22

 

Prospective 

out/inpatients 

n/r 9 UC 

31 CD 

36 - 

31 - 

Culture 

CCA 

0% (0/9) 

17% 

(5/31) 

0% (0/9) 

6% (2/31) 

1/2  1/2 n/r n/r n/r 

Wright et al  

1984, Canada 
41

 

Prospective 

out/inpatients 

n/r 10 CD 36 [21-46] CCA n/a 0% (0/10) n/a n/a n/a n/a n/a 

*Hyams & 

McLaughlin 1985, 

USA 
35

 

Prospective 

out/inpatients  

1982-

1983 

12 UC 

32 CD 

10 [4-16] 

14 [5-19] 

IVCA n/a 

n/a 

0% (0/12) 

9% (3/32) 

0/3 

(4mont

hs) 

n/r 0/3 0/3 0/3 

*Kochhar et al 

1993, India
37

 

Prospective 

out/inpatients 

n/r 50 UC 

 

37- Culture 

IEP 

8% 

(4/50) 

14% (7/50) Exclusi

on 

criteria 

7/7 Exclusion 

criteria 

7/7 0/7 

Vaishnavi et al 

2003, India
40

 

Prospective 

out/inpatients  

n/r 94 UC n/r 

[17-72] 

 

LA
A & B

 

n/r 13% (12/94) 8/12 12/12 n/r 

 

n/r n/r 

Issa et al 

2007,USA
36

 

Retrospective  

out/inpatients 

2004-

2005 

262 UC 

737 CD 

41 

n/r 

 

ELISA
A & B

 n/r 6% (16/262) 

4% (30/737) 

28/46 42/46 11/46 46/46 12/46
C
 

Rodeman et al  

2007, USA
39

 

Retrospective  

inpatient 

1998-

2004 

1066 UC 

2331 CD 

 

48 [15-92] 

45 [10-99] 

 

CCA 
(2002)

 

EIA
A&B

 

n/r 4% (42/1066) 

2%(37/2331) 

 

n/r n/r n/r n/r n/r 

Balamurugan et al 

2008, India
34

  

Prospective 

out/inpatients 

2004-

2005 

37 UC 

36 HC 

41 

[22-67] 

ELISA
A & B

  n/r 22% (8/37) 

 

Exclusi

on 

37/37 n/r n/r n/r 
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Table 2: Studies reporting the incidence of C. difficile infection in populations with mixed disease activity. n/r, not reported; UC, ulcerative colitis; CD, Crohn’s disease; 

CUTE, colitis of uncertain aetiology; CCA, cell cytotoxicity assay; n/a, not applicable; 
C
, colectomy; EIA, Enzyme immunoassay; 

a 
, toxin A; 

b
, toxin B; OIA, optical 

immunoassay; ELISA, enzyme-linked immunosorbant assay; LA, latex agglutination; ≈ incidence reported per stool sample tested.        

 

 

 

 

 

 

 

 

criteria 

*Pascarella et al 

2009  Italy
38

 

Retrospective  

out/inpatients 

2005-

2007 

61 UC 

19 CD 

8 

[1.6-17] 

Immuno-

card 
A & B

 

n/r 21% (13/61) 

35% (7/19) 

7/20 20/20 2/20 n/r n/r 

*Wultanska et al 

2010 Poland
45

 

Prospective 

out/inpatients  

2005-

2007 

 

37 UC 

21 CD 

[3-18] 

[3-18] 

Immuno-

card 
A & B

 

n/r 73% (27/37) 

62% (13/21) 

n/r n/r 0/40 n/r n/r 
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Patients 

 

Outcome (%) Reference & study 

location 

Sampling 

time 

frame 

Time point 

reported  

Disease 

(n) 

Average age 

(yrs) 

[range] 

Incidence 

(% of admissions) 

In-hospital 

mortality 

Intestinal 

surgery 

Average LOS 

(Days) 

Anathankrishnan 

et al 2008, USA
42

 

1998-2004 2004 1843 UC & CDI 

961 CD & CDI 

 

44,400 CDI 

77,366 IBD 

IBD - 54 

 

 

73 

42 

3.9 

1.2 

 

n/a 

n/a 

5% 

3% 

 

3.7% 

0.5% 

10.4% 

8.0% 

 

1.4% 

16.9% 

7 

6 

 

5 

4 

Nguyen et al 2008, 

USA
43

 

1998-2004 1998-2004 1628 UC & CDI 

797 CD & CDI 

 

527,187 MIP 

42,017 UC 

72,400 CD 

n/r 

n/r 

 

47 

n/r 

n/r 

3.73 

1.09 

 

0.45 

n/a 

n/a 

4.1% 

1.1% 

 

n/r 

0.9% 

0.4% 

n/r 

n/r 

 

n/r 

n/r 

n/r 

9.9 

9.5 

 

n/r 

6.7 

5.7 

Ricciardi et al 2009, 

USA
44

 

1993-2003 1993-2003 3688 UC & CDI 

2298 CD & CDI 

 

299,453 CDI 

350,822 IBD 

n/r 

n/r 

 

n/r 

n/r 

2..3 

1.04 

 

0.38 

n/a 

7.7% 

2.4% 

 

8.8% 

1.4% 

n/r 

n/r 

 

0.27% 

12.6% 

n/r 

n/r 

 

n/r 

n/r 

Anathankrishnan 

et al 2010, USA
46

 

1998 -2007 2007 4632 UC & CDI 

2276 CD & CDI 

Non-IBD CDI 

n/r 

n/r 

n/r 

5.3 

1.5 

9.3% 

1.9% 

9.4% 

6.3% 

0.8% 

n/r 

n/r 

n/r 
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Table 3: Studies that used diagnostic coding to report the association of C. difficile infection in hospitalised patients with IBD. All studies involved retrospective nested 

case control analysis of nationwide hospital discharge databases. UC, ulcerative colitis; CD, Crohn’s disease; MIP, mixed inpatient population; n/r, not reported; n/a, not 

applicable. 
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