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Abstract 

Although a considerable number of studies support a substantial increase in incidence, severity, and healthcare costs for Clostridium difficile infection (CDI) in inflammatory bowel disease (IBD), only few evaluate its impact on IBD outcome. Medline and several other electronic databases from January 1993 to October 2013 were searched in order to identify potentially relevant literature. Most of the studies showed that IBD patients with CDI present a greater proportion of worse outcomes than those without CDI. These patients have longer length of hospital stay, higher rates of colectomies, and increased mortality. Patients with ulcerative colitis are more susceptible to CDI and have more severe outcomes than those with Crohn's disease. However, studies reported variable results in both short- and long-term outcomes. Contrasting results were also found between studies using nationwide data and those reporting from single-center, or between some North-American and European studies. An important limitation of all studies analyzed was their retrospective design. Due to contrasting data often provided by retrospective studies, further prospective multi-center studies are necessary to evaluate CDI impact on IBD outcome. Until then, a rapid diagnosis and adequate therapy of infection are of paramount importance to improve IBD patients’ outcome. The aim of this article is to provide up to date information regarding CDI impact on outcome in IBD patients. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review summarizes the impact of Clostridium difficile infection (CDI) on inflammatory bowel disease (IBD) outcome. Most of the studies showed that IBD patients with CDI have more of the whole range of short- and long-term worst outcomes than those without CDI. Patients with ulcerative colitis have more severe outcomes than those with Crohn's disease. A prompt diagnosis and adequate treatment of CDI are of paramount importance to improve IBD patients' outcome.
Trifan A, Stanciu C, Stoica O, Girleanu I, Cojocariu C. Impact of Clostridium difficile infection on inflammatory bowel disease outcome: A review. World J Gastroenterol 2014; In press
Introduction
Over the past 15 years, both incidence and severity of Clostridium difficile (C. difficile) infection (CDI) have increased dramatically worldwide[1,2]. In addition to broad-spectrum antibiotic therapy[3,4], other potential risk factors such as advanced age, prolonged hospitalization, immunosuppression, multiple co-morbidities, the use of proton pomp inhibitors, and the occurrence of a hypervirulent strain of C. difficile known as NAP1 (North American pulso-type 1) in some North-American and European areas, have been identified[5-10]. 


Referring to the same period, several studies clearly demonstrated a significant increase in CDI incidence in patients with inflammatory bowel diseases (IBD)[11-17]. Both ulcerative colitis (UC) and Crohn's disease (CD) present high-risk for CDI, although patients with UC are more susceptible than those with CD[11,12,15,16]. Overall, IBD patients with CDI show more of the whole range of short- and long-term worst outcomes than those without CDI or with CDI alone[11-13,16-19]. However, studies report variable results concerning mortality and colectomy rates, length of hospital stay, and healthcare costs for IBD patients with CDI[11,13,14,16,18-21]. 


This review aims to summarize available literature regarding CDI impact on both short- and long-term outcome in adult IBD patients.
research
A systematic literature search was performed on Medline/PubMed, EMBASE, Scopus, Science Direct, CINAHL, and Web of Science (ISI Web of Knowledge) databases from January 1993 to October 2013 using various combinations of the following key words: "inflammatory bowel disease", "ulcerative colitis", "Crohn's disease" and "Clostridium difficile infection", "Clostridium difficile–associated diarrhea", "pseudomembranous colitis". We included only English written studies carried out on adults, from all geographic regions. A manual search of references from the identified studies was also undertaken to identify any additional studies that may have been missed in the computed-assisted literature search. As our objective was to assess the impact of CDI on IBD patients’ outcome, only studies reporting outcome of IBD patients co-infected with CDI were taken into analysis. The following data were extracted from each study included: length of hospital stay, colectomy rate, mortality, and healthcare costs. In addition, given the increased need for surgical intervention in UC patients with CDI, a short review of Clostridium difficile enteritis and pouchitis has also been made. 
SHORT-TERM OUTCOMES 
Length of hospital stay
Studies report different results concerning the length of hospital stay in IBD patients with CDI: some report similar stays[12,19], some shorter ones[14], while others (Table 1)[11,13,16,17,21] refer to longer stays than in patients without CDI or with CDI alone. Jodorkovsky et al[19] reported a similar mean length of hospital stay in days for IBD (UC) patients with superimposed CDI and those without CDI (11.7 vs 11.0; P = 0.70), while Bossuyt et al[14] found significantly shorter stays in IBD patients with CDI (mean 15.2 days) as compared to non-IBD patients co-infected with C. difficile (mean 27.7 days) (P < 0.001). By contrast, other studies reported longer length of hospitalization in IBD patients with CDI than in those with IBD alone[11,13,16,17,21].  Thus, Issa et al[11], in a retrospective, observational study evaluating IBD patients followed in the Inflammatory Bowel Disease Center, Medical College of Wisconsin, Milwaukee, United States, found a mean length of hospital stay of 13.5 d for their UC patients admitted with CDI as compared to 6 d for those without CDI. From the same center, in a study using nationwide data (including over 2000 IBD patients with CDI, over 44000 with CDI alone, and more than 77000 with IBD alone) was found a 3-d longer hospital stay in IBD patients with CDI. Nguyen et al[16] using the Nationwide Inpatient Sample (NIS) reported a 65% increase in the number of days for CD and 46% for UC patients with CDI as compared to non-IBD patients. A recent study using Hospital Episodes Statistics (HES) which covers all in-patient activity delivered by NHS hospitals in England, reported a 27.9 days longer hospital stay in patients with IBD complicated by hospital-acquired CDI than in those with IBD alone[17], much higher than in the above two mentioned North-American studies using similar national datasets[13,16], the difference being partially accounted for by data collection methods. From Canada, a retrospective population-based cohort study of 181 UC patients with CDI and 1835 without CDI hospitalized in Ontario, between 2002-2008, reported a significantly increased mean length of hospital stay in UC patients co-infected with C. difficile (11 d vs 6 d; P = 0.0001)[21]. 
Colectomy rate
Contrasting results have also been reported regarding colectomy rate in IBD patients with superimposed CDI. Analysis of the NIS HCUP (Healthcare Cost and Utilization Project) data containing more than 90% of United States community hospital discharges[22], showed a six fold (OR = 6.6; 95%CI: 4.7-9.3) increase in colectomy rate in IBD patients with concomitant CDI in comparison with CDI patients without underlying IBD[13]. It should be underlined that this analysis also includes IBD patients admitted for elective surgery, a fact which contributed to such a high colectomy rate[23]. However, other studies too reported higher colectomy rates in IBD patients with CDI than in CDI-free IBD population or in patients with CDI alone[11,17-19].  One case-control study reported a 23.4% emergent colectomy rate in patients with both CDI and IBD (UC) as compared to 13.5% (OR = 2.09, 95%CI: 0.72-6.1; P = 0.17) in those with IBD alone[19]. Another study reported a rate of urgent colectomy as high as 45% in hospitalized patients with IBD colitis and co-existing CDI in 2004, which decreased to 25% in 2005,  probably due to changes in the treatment regimen (use the vancomycin as a primary antibiotic, and a rapid decrease in steroid dosing)[11]. Using data from NIS, Ananthakrishnan et al[18] reported a significant increase in total colectomy odds from 1998 (OR 1.39, 95% CI: 0.81-2.37) to 2007 (OR = 2.51, 95%CI: 1.90-3.34) (P = 0.03) in IBD patients with CDI compared to IBD patients without CDI. Jen et al[17] using HES data for 2002/03 to 2007/08 found that IBD patients with CDI were exposed to a risk of undergoing gastrointestinal surgery or emergency colectomy 1.2 to 3 times higher than those with IBD alone. 

In contradiction with previously mentioned studies, others communicated low rates of urgent colectomy in IBD patients with CDI. Thus, according to two recent studies from Cleveland Clinic's Digestive Disease Institute, United States, CDI in UC patients had no negative impact on colectomy risk within 3 months of CDI diagnosis. In one study[20] including 78 patients (39 patients with UC and CDI, 39 with UC alone), 25 underwent colectomy, 12 of whom (48%) were among those with UC and CDI, and 13 (50.9%) with UC alone (P = 0.81). Also, in the second study[24],  including 146 patients (45 with UC and CDI, 101 with UC without CDI), within 3 months of index admission there was no significant difference concerning colectomy risk between UC patients with CDI and those without CDI; however, on long-term follow-up (one year), UC patients with CDI showed a significantly higher rate of colectomy than those without CDI. Kaneko et al[25] in a retrospective study from Yokohama City University Medical Center, Japan, reported that CDI did not have an impact on colectomy rate in their hospitalized UC patients with active disease, the difference in colectomy rate between UC+CDI patients (33.6%) and those without CDI (23.1%) being statistically insignificant (OR = 1.03, 95%CI: 0.41-2.63; P = 0.94). Two European studies[14,26] also reported low rates of colectomy (5% and 6%, respectively) in IBD patients co-infected with C. difficile. Recently, Murthy et al[21] found a similar rate of colectomy between UC patients with and without CDI (12% vs 9.8%; P = 0.30).

The different colectomy rates between single-center studies and those using nationwide data could be partially accounted for by differences in healthcare practice and threshold for surgery, response to CDI medical therapy, and data collection methods used[23]. 


Mortality rates are higher in IBD patients with CDI than in those without CDI or with CDI alone[13,16,17,21]. Among IBD patients, mortality is higher in UC than in CD[16]. All studies analysing nationwide databases reported high rates of mortality in IBD patients with CDI[13,16,17,21]. Nguyen et al[16] analyzed NIS discharge records from 1998 to 2004 and found that CDI was associated with a nearly four fold increase in mortality among hospitalized patients with UC (OR 3.79, 95% CI: 2.84-5.06) unlike those with CD (OR = 1.66, 95%CI: 0.75-3.66) as compared to non-IBD patients. Similarly, Ananthakrishnan et al[13], using also data from NIS, found that IBD patients with superimposed CDI had a four fold increase in mortality compared to patients hospitalized with IBD alone (OR = 4.7; 95%CI: 2.9-7.9) and twice higher than those with CDI alone (OR = 2.2, 95%CI: 1.4-3.4). In contrast to Nguyen et al[16] study, where mortality was higher only in UC, this study reported an increased mortality rate in both UC and CD patients. Jen et al[17] using HES data, reported that for the studied period (2002-2008), IBD patients with CDI were approximately six times more likely to die in hospital than those admitted for IBD alone (adjusted OR = 6.32, 95%CI: 5.67-7.04), and suggested that such high mortality rate may be partially due to increased number of all emergency gastrointestinal surgery and colectomy rates during admissions. Murthy et al[21] also reported a higher mortality rate in hospitalized UC patients co-infected with C. difficile than in uninfected UC patients (3.3% vs 0.38%, P = 0.0001).

Nevertheless, other studies showed a mortality rate for IBD patients with CDI similar to or not statistically higher than what was reported for non-infected IBD patients[14,18]. Thus, Bossuyt et al[14] registered no deaths among their patients with UC and CDI, while Ananthakrishnan et al[18] found a non-significant increase in the relative mortality risk in IBD patients with superimposed CDI from 1998 (OR = 2.38, 95%CI: 1.52-3.72) to 2007 (OR = 3.38, 95%CI: 2.66-4.29; P = 0.15).
LONG-TERM OUTCOMES
Few studies reported on long-term outcomes after an initial episode of CDI in IBD patients (Table 2)[19,21,24,27]. In a retrospective study including 47 patients with UC and CDI and 52 with UC without CDI, Jodorkovsky et al[19] reported that, over the year following the initial infection episode, a significant increase in the number of visits to the emergency room (8 vs 1; P = 0.012) was registered, as well as a higher number of UC-related hospitalizations (58 vs 27; P = 0.001) and a two-fold increase in colectomy rate (44% vs 25%, OR = 2.38, 95%CI: 1.01-5.6; P = 0.04) as compared to UC patients without CDI. Murthy et al[21], in a retrospective cohort study of UC patients with and without CDI, found that CDI was associated with higher adjusted 5-year risk of mortality[adjusted hazard ratio (aHR) 2.40, 95%CI: 1.37-4.20], but not of colectomy (aHR = 1.18, 95%CI: 0.90-1.54). In another retrospective study[24], UC patients with CDI had significantly more UC-related emergency room visits (37 vs 4; P < 0.001) and a higher rate of colectomy (35.6% vs 9%; P < 0.001) than those with UC alone in the year following initial infection. In addition, 55.8% of patients with UC and CDI had an escalation in medical therapy in the year after index infection admission as compared to 12.9% in the previous year (P < 0.0001). In a multivariate analysis for risk factors of colectomy, severe disease on endoscopy (OR = 16.7, 95%CI: 4.1-67.9; P < 0.001) and CDI (OR = 10.0, 95%CI: 2.7-36.3; P < 0.001) were found to be independently associated with colectomy within 1 year. Chiplunker et al[27] in a retrospective, case-control study on 81 patients with IBD comparing disease progression 1 year before and 1 year after the initial infection with C. difficile, found that 46% of patients had more hospitalizations and over a half of them (53%) required an escalation in medical therapy during the year following CDI. No deaths occurred during the 1 year follow-up. 

Healthcare costs are higher in IBD patients with CDI than in those with IBD alone due to longer hospital stay, higher number of IBD-related hospitalizations, increased need for surgery, and hospital care charges[13,16]. Nguyen et al[16] found a mean cost increased by 46% and 63% for UC and CD patients, respectively, while Ananthakrishnan et al[13] reported higher increased hospital adjusted expenses of US$ 11406. 
CDI in IBD patients following surgical intervention 
The majority of published studies (90%) found by searching Medline and other databases aim to assess CDI incidence in IBD patients, while only 10% of them report on outcome following infection. All studies reporting on outcome in IBD patients with concomitant CDI were retrospective, small single-center cohort studies or large nationwide database studies mostly conducted in North America and Europe. Apart from being retrospective, available studies on outcome have several other limitations such as incomplete information on disease severity, absence of reference to C. difficile diagnosis, antibiotic and immunomodulatory therapy. It should be underlined that most of analyzed studies relate to hospitalized IBD patients in the early 2000s, when enzyme immunoassay of stool for C. difficile toxins A and B has dominated the laboratory diagnosis of CDI, despite its low sensitivity.
Though few in number, studies reporting outcomes associated with CDI in IBD patients most often show that CDI has a negative impact both on short- and long-term IBD outcomes, increasing the need for surgery, morbidity and mortality rates, as well as healthcare costs[11,13,16-18,21,24,27]. Both major forms of IBD are under increasing risk for CDI, although patients with UC are most susceptible to infection and have more severe outcomes[15,16,19]. Short-term outcomes, defined as those measured within 30-90 days of index admission, include length of hospital stay, colectomy and mortality rates. Long-term outcomes, measured at least 1 year following index admission, include emergency room visits, UC-related hospitalizations, escalation in medical therapy, colectomy and mortality rates.
Studies report conflicting results on the length of hospital stay in IBD patients with concomitant CDI: some found similar stays[12,19], others shorter ones[14], while most of them reported longer hospitalization periods than in IBD patients without CDI or with CDI alone[11,13,16,17,21]. Similar or shorter hospitalization periods were reported by single-center studies[12,14,19], while longer stays were found in studies using nationwide databases[13,16,17,21]. Discrepancies between studies may be explained by disease severity and response to medical therapy in IBD patients included in the analyses.

Contrasting results have also been reported with regard to colectomy rates in IBD patients with CDI[11,13,14,17-21,24-26].  Thus, some studies analyzing nationwide data (US NIS HCUP, UK HES) reported high colectomy rates[13,18],  while other single-center ones[20,24,25] found CDI to have no negative impact on colectomy rate in UC patients. There are discrepancies in what concerns colectomy rates even between studies using nationwide data in North America[13,18] and Europe[17],  probably due to differences in data collection methods and threshold for surgery[23]. In addition, studies analyzing nationwide data for colectomy also include IBD patients admitted for elective surgery, a fact which can contribute to high colectomy rates[23]. Lower risks for colectomy, as reported by single-center North-American[20] and European[14,26] studies, may be partially explained by CDI prompt response to medical therapy, followed by clinical remission of IBD flare, thus preventing surgery[20].
Variable results regarding mortality rate in IBD patients with concomitant CDI are also to be noted[13,14,16-18,21]. High mortality rates reported by some studies using nationwide data[13,16,17] may be accounting for by to the increased use of colectomy in IBD patients with CDI[20], and also by the inclusion of all hospitalized patients who presumably have more severe disease than those from cohort studies[17,23].
Few studies reported long-term outcomes after an initial CDI episode in IBD (UC) patients. Two[19,24] reported an increased number of visits to the emergency room and in UC-related hospitalizations, and higher colectomy rate than in patients with UC alone in the year following initial infection. UC patients with CDI had an escalation in medical therapy 1 year after index admission as compared to the previous year[24,27]. Another study including UC hospitalized patients with and without CDI, found that those with associated CDI had a higher adjusted 5-year risk of mortality, but not of colectomy[21].
We may add that only one study aimed to identify predictive factors for severe outcomes (colectomy, death) associated with CDI in IBD patients[28]. Ananthakrishnan et al[28] in a retrospective study using multi-institutional electronic medical record database from two large referral hospitals over the period 1998-2010, reported a 4.4% colectomy and 15.2% mortality rates during 180-d follow-up of 294 IBD patients with CDI (mostly with UC), and found that among several demographic variables and laboratory parameters, only serum albumin below 3 g/dL, hemoglobin below 9 g/dL, and serum creatinine above 1.5 mg/dL were independent predictors of severe outcomes[28]. 
Clostridium difficile enteritis 
Usually occurs in IBD patients who have undergone colonic surgery, mainly proctocolectomy[29-31]. C. difficile enteritis is generally rare, although the number of cases reported in literature has recently increased[32]. The predisposition of IBD patients with previous colonic surgery to C. difficile enteritis may be accounted for by the colonization of the neo-terminal ileum with colonic-type bacterial flora[33], and phenotypic changes in the epithelium of pelvic ileoanal pouches[34]. C. difficile enteritis diagnosis and treatment are similar to that for colonic CDI. If some studies reported increased mortality among patients with C. difficile enteritis[35], other ones found low or even no mortality[29].`
Clostridium difficile pouchitis has been reported in IBD patients with ileal pouch anal anastomosis (IPAA)[36-38]. Shen et al[36] found that 18.3% of their 115 patients with IPAA had CDI. Morphologic changes in the pouch epithelium secondary to prolonged exposures to fecal stream may favor CDI[34]. In addition, frequent antibiotic treatment for acute or chronic pouchitis is another risk factor for CDI in such patients[36]. Recently, Tyler et al[39] reported that genetic polymorphisms, particularly the NOD2insC risk allele, are associated with increased risk of developing pouch inflammation among patients with UC and IPAA. Treatment with vancomycin, tinidazole, or rifaximin has been used with benefit in many patients[37,38].
Conclusion

IBD patients with CDI are under a higher risk of worse outcomes than those without CDI. Because the available data are often conflicting and obtained from retrospective studies, further prospective multi-center studies are required to evaluate the impact of CDI on IBD outcomes. Until then, to improve patient outcome, clinicians should have a high index of suspicion for CDI in all IBD patients presenting with a disease flare in order to rapidly establish diagnosis and prompt treatment of infection.
REFERENCES 
1 Khanna S, Pardi DS. The growing incidence and severity of Clostridium difficile infection in inpatient and outpatient settings. Expert Rev Gastro-Enterol Hepatol 2010; 4: 409-416 [PMID: 20678014 DOI: 10.1586/egh.10.48]

2 Ananthakrishnan AN. Clostridium difficile infection: epidemiology, risk factors and management. Nat Rev Gastroenterol Hepatol 2011; 8: 17–26 [PMID: 21119612 DOI: 10.1038/nrgastro.2010.190]

3 Hensgens MP, Goorhuis A, Dekkers OM, Kuijper EJ. Time interval of increased risk for Clostridium difficile infection after exposure to antibiotics. J Antimicrob Chemother 2012; 67: 742-748 [PMID: 22146873 DOI: 10.1093/jac/dkr508]

4 Deshpande A, Pant C, Jain A, Fraser TG, Rolston DD. Do fluoroquinolones predispose patients to Clostridium difficile associated disease? A review of the evidence. Curr Med Res Opin 2008; 24: 329-333 [PMID: 18067688]

5 Loo VG, Bourgault AM, Poirier L, Lamothe F, Michaud S, Turgeon N, Toye B, Beaudoin A, Frost EH, Gilca R, Brassard P, Dendukuri N, Béliveau C, Oughton M, Brukner I, Dascal A. Host and pathogen factors for Clostridium difficile infection and colonization. N Engl J Med 2011; 365: 1693-1703[PMID: 22047560 DOI: 10.1056/NEJMoa1012413]

6 Hookman P, Barkin JS. Clostridium difficile associated infection, diarrhea and colitis. World J Gastroenterol 2009; 15: 1554-1580[PMID: 19340897 DOI: 10.3748/wjg.15.1554]

7 O'Donoghue C, Kyne L. Update on Clostridium difficile infection. Curr Opin Gastroenterol 2011; 27: 38-47 [PMID: 21099432 DOI: 10.1097/MOG.0b013e3283411634]

8 Kwok CS, Arthur AK, Anibueze CI, Singh S, Cavallazzi R, Loke YK. Risk of Clostridium difficile infection with acid suppressing drugs and antibiotics: meta-analysis. Am J Gastroenterol 2012; 107: 1011-1019 [PMID: 22525304 DOI: 10.1038/ajg.2012.108]

9 Janarthanan S, Ditah I, Adler DG, Ehrinpreis MN. Clostridium difficile-associated diarrhea and proton pump inhibitor therapy: a meta-analysis. Am J Gastroenterol 2012; 107: 1001-1010 [PMID: 22710578 DOI: 10.1038/ajg.2012.179]

10
Mc Donald LC, Killgore GE, Thompson A, Owens RC Jr, Kazakova SV, Sambol SP, Johnson S, Gerding DN. An epidemic, toxin gene-variant strain of Clostridium difficile. N Engl J Med 2005; 353: 2433-2441 [PMID: 16322603 DOI: 1056/NEJMoa051590]

11 Issa M, Vijayapal A, Graham MB, Beaulieu DB, Otterson MF, Lundeen S, Skaros S, Weber LR, Komorowski RA, Knox JF, Emmons J, Bajaj JS, Binion DG. Impact of Clostridium difficile on inflammatory bowel disease. Clin Gastroenterol Hepatol 2007; 5: 345-351 [PMID: 17368234 DOI: 10.1016/j.cgh.2006.12.028]

12 Rodemann JF, Dubberke ER, Reske KA, Seo da H, Stone CD. Incidence of Clostridium difficile infection in inflammatory bowel disease. Clin Gastroenterol Hepatol 2007; 5: 339-344 [PMID: 17368233 DOI: 10.1016/j.cgh.2006.12.027]

13 Ananthakrishnan AN, McGinley EL, Binion DG. Excess hospitalisation burden associated with Clostridium difficile in patients with inflammatory bowel disease. Gut 2008; 57: 205-210 [PMID: 17905821 DOI: 10.1136/gut.2007.128231]

14 Bossuyt P, Verhaegen J, Van Assche G, Rutgeerts P, Vermeire S. Increasing incidence of Clostridium difficile-associated diarrhea in inflammatory bowel disease. J Crohns Colitis 2009; 3: 4-7 [PMID: 21172241 DOI: 10.1016/j.crohns.2008.09.003]

15 Ricciardi R, Ogilvie JW, 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: 40-45 [PMID: 19273954 DOI: 10.1007/DCR.0b013e31819733fd]

16 Nguyen GC, Kaplan GG, Harris ML, Brant SR. A national survey of the prevalence and impact of Clostridium difficile infection among hospitalized inflammatory bowel disease patients. Am J Gastroenterol 2008; 103: 1443-1450 [PMID: 18513271 DOI: 10.1111/j.1572-0241.2007.01780.x]

17 Jen MH, Saxena S, Bottle A, Aylin P, Pollok RC. Increased health burden associated with Clostridium difficile diarrhoea in patients with inflammatory bowel disease. Aliment Pharmacol Ther 2011; 33: 1322-1331 [PMID: 21517920 DOI: 0.1111/j.1365-2036.2011.04661.x]

18 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 2011; 17: 976-983 [PMID: 20824818 DOI: 10.1002/ibd.21457]

19 Jodorkovsky D, Young Y, Abreu MT. Clinical outcomes of patients with ulcerative colitis and co-existing Clostridium difficile infection. Dig Dis Sci 2010; 55: 415–420 [PMID: 19255850 DOI: 10.1007/s10620-009-0749-9]

20 Kariv R, Navaneethan U, Venkatesh PG, Lopez R, Shen B. Impact of Clostridium difficile infection in patients with ulcerative colitis. J Crohns Colitis 2011; 5: 34-40 [PMID: 21272802 DOI: 10.1016/j.crohns.2010.09.007]

21 Murthy SK, Steinhart AH, Tinmouth J, Austin PC, Daneman N, Nguyen GC. Impact of Clostridium difficile colitis on 5-year health outcomes in patients with ulcerative colitis. Aliment Pharmacol Ther 2012; 36: 1032-1039 [PMID: 23061526 DOI: 10.1111/apt.12073]

22 Agency for Healthcare Research and Quality. Healthcare Cost and Utilization Project-HCUP. A federal-state-industry partnership in health data. Sponsored by the Agency for Healthcare Research and Quality. Introduction to the HCUP State Inpatient Databases (SID). Available from: URL:http://www.hcup-us.ahrq.gov/db/state/siddist/Introduction_to_SID.pdf

23 Goodhand JR, Alazawi W, Rampton DS. Systematic review: Clostridium difficile and inflammatory bowel disease. Aliment Pharmacol Ther 2011; 33: 428-441 [PMID: 21198703 DOI: 10.1111/j.1365-2036.2010.04548.x]

24 Navaneethan U, Mukewar S, Venkatesh PG, Lopez R, Shen B. Clostridium difficile infection is associated with worse long term outcome in patients with ulcerative colitis. J Crohns Colitis 2012; 6: 330-336 [PMID: 22405170 DOI: 10.1016/j.crohns.2011.09.005]

25 Kaneko T, Matsuda R, Taguri M, Inamori M, Ogura A, Miyajima E, Tanaka K, Maeda S, Kimura H, Kunisaki R. Clostridium difficile infection in patients with ulcerative colitis: investigations of risk factors and efficacy of antibiotics for steroid refractory patients. Clin Res Hepatol Gastroenterol 2011; 35: 315-320 [PMID: 21435967 DOI: 10.1016/j.clinre.2011.02.004]

26 Ben-Horin S, Margalit M, Bossuyt P, Maul J, Shapira Y, Bojic D, Chermesh I, Al-Rifai A, Schoepfer A, Bosani M, Allez M, Lakatos PL, Bossa F, Eser A, Stefanelli T, Carbonnel F, Katsanos K, Checchin D, Miera IS, Chowers Y, Moran GW. Combination immunomodulator and antibiotic treatment in patients with inflammatory bowel disease and clostridium difficile infection. Clin Gastroenterol Hepatol 2009; 7: 981-987 [PMID: 19523534 DOI: 10.1016/j.cgh.2009.05.031]

27 Chiplunker A, Ananthakrishnan AN, Beaulieu DB, Naik AS, Zadvornova Y, Skaros S, Johnson K, Perera LP, Binion DG, Issa M. Long-term impact of Clostridium difficile on inflammatory bowel disease. Gastroenterology 2009; 136 (Suppl 1): S1145

28 Ananthakrishnan AN, Guzman-Perez R, Gainer V, Cai T, Churchill S, Kohane I, Plenge RM, Murphy S. Predictors of severe outcomes associated with Clostridium difficile infection in patients with inflammatory bowel disease. Aliment Pharmacol Ther 2012; 35: 789-795 [PMID: 22360370 DOI: 10.1111/j.1365-2036.2012.05022.x]

29 Lundeen SJ, Otterson MF, Binion DG, Carman ET, Peppard WJ. Clostridium difficile enteritis: an early postoperative complication in inflammatory bowel disease patients after colectomy. J Gastrointest Surg 2007; 11: 138-142 [PMID: 17390162 DOI: 10.1007/s11605-006-0022-x]

30 Causey MW, Spencer MP, Steele SR. Clostridium difficile enteritis after colectomy. Am Surg 2009; 75: 1203-1206 [PMID: 19999913]

31 Freiler JF, Durning SJ, Ender PT. Clostridium difficile small bowel enteritis occurring after total colectomy. Clin Infect Dis 2001; 33: 1429-131; discussion 1432 [PMID: 11565085 DOI: 10.1086/322675]

32 Kim JH, Muder RR. Clostridium difficile enteritis: a review and pooled analysis of the cases. Anaerobe 2011; 17: 52-55 [PMID: 21334446 DOI: 10.1016/j.anaerobe.2011.02.002]

33 Neut C, Bulois P, Desreumaux P, Membré JM, Lederman E, Gambiez L, Cortot A, Quandalle P, van Kruiningen H, Colombel JF. Changes in the bacterial flora of the neoterminal ileum after ileocolonic resection for Crohn's disease. Am J Gastroenterol 2002; 97: 939-946 [PMID: 12003430 DOI: 10.1111/j.1572-0241.2002.05613.x]

34 Apel R, Cohen Z, Andrews CW, McLeod R, Steinhart H, Odze RD. Prospective evaluation of early morphological changes in pelvic ileal pouches. Gastroenterology 1994; 107: 435-443 [PMID: 8039620]

35 Navaneethan U, Giannella RA. Thinking beyond the colon-small bowel involvement in clostridium difficile infection. Gut Pathog 2009; 1: 7 [PMID: 19338685 DOI: 10.1186/1757-4749-1-7]

36 Shen B, Goldblum JR, Hull TL, Remzi FH, Bennett AE, Fazio VW. Clostridium difficile-associated pouchitis. Dig Dis Sci 2006; 51: 2361-2364 [PMID: 17103037 DOI: 10.1007/s10620-006-9172-7]

37 Mann SD, Pitt J, Springall RG, Thillainayagam AV. Clostridium difficile infection--an unusual cause of refractory pouchitis: report of a case. Dis Colon Rectum 2003; 46: 267-270 [PMID: 12576902 DOI: 10.1007/s10350-004-6533-1]

38 Shen BO, Jiang ZD, Fazio VW, Remzi FH, Rodriguez L, Bennett AE, Lopez R, Queener E, Dupont HL. Clostridium difficile infection in patients with ileal pouch-anal anastomosis. Clin Gastroenterol Hepatol 2008; 6: 782-788 [PMID: 18467184 DOI: 10.1016/j.cgh.2008.02.021]

39 Tyler AD, Milgrom R, Stempak JM, Xu W, Brumell JH, Muise AM, Sehgal R, Cohen Z, Koltun W, Shen B, Silverberg MS. The NOD2insC polymorphism is associated with worse outcome following ileal pouch-anal anastomosis for ulcerative colitis. Gut 2013; 62: 1433-1439 [PMID: 22879519 DOI: 10.1136/gutjnl-2011-301957]

P-Reviewers: Barkin JA, Ozen H, van Langenberg DR  S-Editor: Qi Y   
L-Editor:   E-Editor:

Table 1 Main short-term outcomes in inflammatory bowel disease patients with Clostridium difficile infection as compared to those with inflammatory bowel disease alone or Clostridium difficile infection alone

	Ref.
	Journal and year of publication
	Study design and time frame
	Outcome

	Murthy et al[21] Canada 
	Aliment Pharmacol Ther 2012
	in-patients, Ontario, Canada, 2002-2008
	Increased LOS (11 d vs 6 d; P = 0.0001), similar rate of colectomy (12% vs 9.8%; P = 0.30), and higher mortality rate (3.3% vs 0.38%; P < 0.0001) as compared with UC patients without CDI

	Navaneethan et al[24] United States
Ananthakrishnan et al[28] United States 
	J Crohns Colitis 2012

Aliment Pharmacol 

Ther 2012
	out-/in-patients; 2002-2007

in-patients; 1998-2010
	No significant difference in the colectomy risk within 3 months of index admission between UC patients with CDI and those with UC alone

4.4% colectomy and 15.2% mortality rates 

	Jen et al[17] United Kingdom 
	Aliment Pharmacol Ther 2011
	case-control analysis of United Kingdom Hospital Episodes Statistics, out-/in-patients; 2002-2007
	Increased mortality (OR = 6.32), higher risk for surgery (OR = 1.87), and 27.9 days longer LOS than patients with IBD alone

	Ananthakrishnan et al[18] United States
	Inflamm Bowel Dis 2011
	case-control analysis of NIS database, out-/in-patients; 1998, 2004, 2007
	Increase in colectomy rate from 1998 (OR = 1.39, 95%CI: 0.81-2.37) to 2007 (OR = 2.51, 95%CI: 1.90-3.34) (P = 0.03), and in mortality risk (1998: OR = 2.38, 95%CI: 1.52-3.72) (2007, OR = 3.38, 95%CI: 2.66-4.29) (P = 0.15)

	Kaneko et al[25]
Japan
	Clin Res Hepatol Gastroenterol 2011
	out-/in-patients; 2006-2009
	No association between CDI and colectomy rate in UC patients

	Kariv et al[20]  United States
	J Crohns Colitis 2011
	out-/in- patients with UC; 2000-2006
	No difference in colectomy rates (48% vs 50.9%; P = 0.81) between infected and non-infected UC patients, no mortality in UC patients with or without CDI

	Jodorkovsky et al[19] United States
	Dig Dis Sci 2010
	in-patients; 2004/06-2005/06
	Similar mean LOS for IBD patients with CDI and those without CDI (11.7 vs 11.0 days; P = 0.70); similar use of cyclosporine therapy (48% vs 47%); higher emergent colectomy rate (23% vs 13.4%; P = 0.17)

	Bossuyt et al[14] Belgium 
	J Crohns Colitis 2009
	in-patients; 2000-2008
	LOS shorter as compared to non-IBD patients (15.2 vs 27.7 d; P = 0.001); one patient with UC+ CDI had a semi-urgent colectomy; no mortality in IBD patients, 2 deaths in non-IBD patients  

	Ricciardi et al[15]  
United States
	Dis Colon Rectum 2009
	case-control analysis of NIS database, out-/in-patients; 1993-2003
	Increased case fatality in UC+CDI patients but not in those with CD+CDI; operative mortality for UC+CDI patients reached 25.7%

	Ben-Horin, Israel and some European countries[26] 
	Clin Gastroenterol Hepatol 2009 
	multi-center, in-patients; 2000-2008
	Low colectomy rate (6%) in IBD patients with CDI 

	Ananthakrishnan et al[13]  

United States
	Gut 2008
	case-control analysis of NIS database, out-/in-patients; 2003 
	Four-fold higher  mortality rate (OR = 4.7, 95%CI: 2.9-7.9) compared with IBD alone and twice higher than in those with CDI alone (OR = 2.21, 95%CI: 1.4-3.4); 3-d longer compared with IBD alone; six-fold greater risk of bowel surgery than those with CDI alone (OR = 6.6, 95%CI: 4.7-9.3); 11406 higher hospital adjusted charges 

	Nguyen et al[16] United States 
	Am J Gastroenterol 2008
	case-control analysis of NIS database, out-/in-patients; 1998-2004
	Increased mortality in UC (OR = 3.79, 95%CI: 2.84-5.06) but not in CD patients (OR = 1.66, 95%CI: 0.75-3.66); increased LOS with 65% for CD and 46% for UC, and increased hospital charges compared with non-IBD patients

	Rodemann et al[12] United States 
	Clin Gastroenterol Hepatol 2007
	in-patients, 1998-2004
	LOS similar to non-IBD patients

	Issa et al[11] United States 

	Clin Gastroenterol Hepatol 2007
	observational study, out-/in-patients;

2004-2005
	Increased LOS (13 vs 6 d); the colectomy rate in UC+CDI decreased from 45% in 2004 to 25% in 2005 


C. difficile: Clostridium difficile; CDI: Clostridium difficile infection; CD: Crohn's disease; IBD: Inflammatory bowel disease; LOS: Length of hospital stay; NIS: National Inpatient Sample; OR: Odds ratio; UC: Ulcerative colitis.
Table 2 Long-term outcomes in inflammatory bowel disease patients with Clostridium difficile infection  compared to those with inflammatory bowel disease alone 

	Ref.
	Journal and year of publication
	Study design and time frame
	Outcome

	Murthy et al[21]
 Canada 
	Aliment Pharmacol Ther 2012
	in-patients; 2002-2008
	UC patients with CDI was associated with increased adjusted 5-year risk of mortality, but not of colectomy, as compared with UC without CDI

	Navaneethan et al[24] United States
	J Crohns Colitis 2012
	out-/in-patients; 2002-2007
	One year following CDI: increased rates of ERV (37.8% vs 4%; P = 0.001) and colectomy (35.6% vs 9.9%; P = 0.001); escalation in medical therapy in 58.8% as compared to the prior year (12.9%) (P = 0.0001)

	Jodorkovsky et al[19] United States
	Dig Dis Sci 2010
	in-patients; 2004-2005
	One year following CDI: UC patients with CDI had increased rate of ERV (8 vs 1; P = 0.012), higher number of UC– related hospitalizations (58 vs 27; P = 0.001), and two-fold higher rates of colectomy (44.6% vs 25%; P = 0.04) compared to UC alone

	Chiplunker et al[27] United States
	Gastroenterology 2009
	case-control, in-patients; 2005-2006
	One year following CDI: over half required an escalation in their IBD medical therapy, 46% had more hospitalisations, colectomy occured in 10.3% , and no mortality 


CDI: Clostridium difficile infection; ERV: Emergency room visits; IBD: Inflammatory bowel disease; OR: Odds ratio; UC: Ulcerative colitis.

