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INTRODUCTION

Clostridium difficile is a Gram‑positive, strict anaerobe, 
spore‑forming bacterium.[1] It can cause self‑limiting mild 

diarrhea, severe diarrhea, pseudomembranous colitis, and 
fatal fulminant colitis.[2] The bacterium was first detected 
in the meconium of  a newborn in 1935,[3] and until the 
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end of  1970s it was considered as a commensal organism. 
In 1978, it was first realized that the bacterium was the 
causative agent for pseudomembranous colitis and from 
thereon to the 21st century, the incidence has increased.[4,5]

Nosocomial Clostridium difficile infection  (CDI) occurs 
generally in older patients with chronic diseases and a 
history of  antibiotic use in contrast to community‑acquired 
CDI which occurs generally in younger patients, in whom 
estimated risk factors such as chronic diseases, antibiotic 
use and hospital stay are absent.[2,6] Several studies reported 
that community‑acquired CDI was associated with 
underlying intestinal diseases rather than well‑known risk 
factors. Community‑acquired CDI incidence is increasing 
comparable to that of  inflammatory bowel disease (IBD) 
especially in East European countries.[7,8] We aimed to 
investigate the changes in the epidemiology and the 
incidence of  CDI in our hospital database.

PATIENTS AND METHODS

Study design and patients
This retrospective case–control study was conducted in our 
586‑bed hospital. Approximately, over 1 million outpatients 
and 100,000 inpatients are treated in this hospital per year. 
Episodes of  Clostridium difficile toxin (CdTx) were identified 
retrospectively from September 1, 2014, to October 1, 
2016. Patients were included if  they were 18 years of  age 
or older on admission, had acute hospital‑acquired diarrhea 
or a diarrhea which started before hospitalization, and 
were an outpatient with diarrhea. Exclusion criteria were 
a history of  chronic diarrhea, human immunodeficiency 
virus infection, and a diarrhea which is not amenable 
to treatment or which is a reactivation in patients with 
IBD. Toxin‑positive individuals constituted the patient 
group. A  corresponding control group was constituted 
by selecting a random patient among every eight patients 
after all admissions were arranged by date in consecutive 
order. Hospital database was searched for data of  all 
patients. CdTx‑positive individuals were grouped into 
colonization and infection subgroups according to CDI 
diagnosis criteria. CDI was defined as the presence of  
diarrhea (>3 loose stools/day)[1] and a positive CdTx A or 
B test. Two episodes in the same patient were considered as 
different events if  they occurred >8 weeks apart (after the 
toxin became negative). Collected data included age, sex, 
community versus hospital acquisition, duration of  hospital 
stay, intensive care unit (ICU) follow‑up history, duration 
of  ICU stay, comorbidity, current or previous treatments 
with antibiotics within the past 3 months, medication with 
proton pump inhibitors (PPIs),[9] or immunosuppressive 
therapies. Antibacterials were grouped into four 

classes: β‑lactam/β‑lactamase inhibitor combinations, 
carbapenems, cephalosporins, and fluoroquinolones. 
Treatment regimens and results as well as mortality were 
not assessed in this study.

Community‑acquired and hospital‑acquired CDI 
definitions[10]

Community‑acquired CDI
Onset of  symptoms occurs in the community or within 
48 h of  admission to a hospital (after no hospitalization 
in the past 12 weeks).

Hospital‑acquired CDI
Onset of  symptoms occurs more than 48 h after admission 
to or less than 4 weeks after discharge from a healthcare 
facility.

Detection of CdTx
We used commercially available test CerTest C.  difficile 
glutamate dehydrogenase (GDH) + toxin A + B one‑step 
combo card test  (Biotec, Spain) to detect CdTx. This 
is a colored chromatographic immunoassay for the 
simultaneous qualitative detection of  C.  difficile GDH, 
toxin A, and toxin B in stool samples. The test offers 
a simple and highly sensitive screening assay to make a 
presumptive diagnosis of  C. difficile infection. The results 
were interpreted according to the manufacturer’s guide.

Statistical analyses
The Statistical Package for the Social Sciences  (SPSS), 
version 17 (SPSS Inc., Chicago, IL, USA) package program 
was used for statistical analyses. Categorical variables 
were presented as the number of  cases and percentages. 
Continuous variables with a normal distribution were 
presented as mean ± standard deviation, and continuous 
variables without a normal distribution were presented as 
median  [interquartile range  (IQR)]. Categorical variables 
were compared using a Chi‑square test. Continuous variables 
with and without a normal distribution were compared using 
a two‑tailed Student’s t‑test and a Mann–Whitney U‑test, 
respectively. Binary logistic regression (“backwards: LR” 
method) was used for multivariate analysis. A  P  value 
of ≤0.05 was considered statistically significant.

Ethical considerations
Local ethics committee of  the hospital approved the study.

RESULTS

A total of  1486 stool samples of  1251  patients were 
collected during the study period. Of  those, 787 samples 
of  549 patients were excluded due to a lack of  concordance 
with the study protocol and 702 patients were included 
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in the study. Among included patients, CdTx‑positive 78 
individuals constituted the patient group. The control group 
was constituted among toxin‑negative 624 individuals by 
a 1:1 ratio. Of  toxin‑positive patients, 13  (16.7%) were 
colonized and 65  (83.3%) were infected with C.  difficile. 
The mean age of  patient group was 41.3 ± 16.3  years, 
and 41  (52.6%) were female. CdTx became positive in 
median 10th (IQR, 5.5–30) day of  hospital stay in inpatients. 
Although there was no mortality in case group, five 
individuals died in the control group.

Of  the included patients, 48 were hospitalized. A history 
of  ICU stay was present in eight of  the hospitalized 
patients. The median length of  hospital stay was 
19  (IQR, 13–24) days. The length of  hospital stay was 
longer in CdTx‑positive patients, but the difference 
was not statistically significant  (P = 0.245). The median 
age of  CdTx‑positive patients was higher than that of  
toxin‑negative patients  (P = 0.001).

In univariate analyses  [Table  1], independent risk factors 
for CdTx positivity were community versus hospital 
acquisition  [odds ratio  (OR), 5.49; 95% confidence 

interval (CI), 2.52–11.95; P = 0.0001], presence of  IBD (OR, 
21.5; 95% CI, 8.65–53.44; P = 0.0001), PPI use (OR, 4.53; 
95% CI, 1.97–10.43; P = 0.0001), immunosuppressive drug 
use  (OR, 4.1; 95% CI, 2.01–8.3; P = 0.0001), and use of  
quinolone group of  antibiotics (OR, 5.95; 95% CI, 1.92–18.46; 
P = 0.001). Female sex (OR, 1.23; 95% CI, 0.65–2.31; P = 0.52), 
type 2 diabetes (OR, 0.6; 95% CI, 0.24–1.5; P = 0.259), 
malignancy (OR, 0.42; 95% CI, 0.14–1.3; P = 0.186), ICU 
follow‑up (OR, 0.32; 95% CI, 0.06–1.62; P = 0.276), a hospital 
stay >14 days  (OR, 2.4; 95% CI, 0.55–10.45; P = 0.311), 
cephalosporin use (OR, 1.97; 95% CI, 0.69–5.62; P = 0.199), 
β‑lactam/β‑lactamase inhibitor use (OR, 0.84; 95% CI, 
0.27–2.63; P = 0.772), and carbapenem use (OR, 0.47; 95% 
CI, 0.13–1.64; P = 0.229) were not associated with CdTx 
positivity. Antibiotic use was a protective risk factor (OR, 0.09; 
95% CI, 0.01–0.78; P = 0.01) and presence of  IBD was 
an independent risk factor (OR, 6.8; 95% CI, 1.5–30.08; 
P = 0.01) in community‑acquired group compared with 
nosocomial group (OR, 0.09; 95% CI, 0.01–0.78; P = 0.01) 
[Table 2].

Multivariate logistic regression analysis revealed that the 
presence of  IBD, PPI use, preceding antibiotic use, and use 

Table 1: Univariate analyses of CdTx positivity and risk factors
CdTx‑positive n=78 (50%) CdTx‑negative n=78 (50%) P OR (95%CI)

Sex, n (%)
Female
Male

41 (52.6)
37 (47.4)

45 (57.7)
33 (42.3)

0.52 1.23 (0.65‑2.31)

Age, mean±SD 41.3±16.3 51.12±20.16 0.001*
Age groups (years), n (%)

18‑28
29‑38
39‑48
49‑58
59‑65
>65

17 (21.8)
22 (28.2)
17 (21.8)
8 (10.3)

7 (9)
7 (9)

12 (15.4)
14 (17.9)
12 (15.4)
10 (12.8)
9 (11.5)

21 (26.9)

0.05*

Presentation, n (%)
Nosocomial
Community‑onset

11 (14.1)
67 (85.9)

37 (47.4)
41 (52.6)

0.0001* 5.49 (2.52‑11.95)

Length of hospital stay, median (IQR) 19 (13‑24) 15.5 (5.75‑30.75 0.245
Length of hospital stay

<14 days, n (%)
>14 days, n (%)

11/78
3 (27.3)
8 (72.7)

37/78
18 (48.6)
19 (51.4)

0.304 2.5 (0.57‑11.04)

ICU follow‑up, n (%) 2 (25) 6 (75) 0.276 0.32 (0.06‑1.62)
IBD, n (%)

Ulcerative colitis
Crohn’s disease

53 (67.9)
38 (48.7)
9 (11.5)

7 (32.1)
6 (7.7)
1 (1.3)

0.0001* 21.5 (8.65‑53.44)

Previous antibiotic use,** n (%) 39 (50) 36 (46.2) 0.631 1.17 (0.62‑2.18)
Cephalosporin group, n (%) 11 (14.1) 6 (7.7) 0.199 1.97 (0.69‑5.62)
β‑Lactam/β‑lactamase inhibitor combination, n (%) 6 (7.7) 7 (9) 0.772 0.84 (0.27‑2.63)
Carbapenem group, n (%) 4 (5.1) 8 (10.3) 0.229 0.47 (0.13‑1.64)
Quinolone group, n (%) 19 (24.4) 4 (5.1) 0.001* 5.95 (1.92‑18.46)
Previous PPI use, n (%) 29 (37.2) 9 (11.5) 0.0001* 4.53 (1.97‑10.43)
Immunosuppressive therapy, n (%) 40 (51.3) 16 (20.5) 0.0001* 4.1 (2.01‑8.3)
Type 2 diabetes, n (%) 9 (11.5) 14 (17.9) 0.259 0.6 (0.24‑1.5)
Malignancy, n (%) 5 (6.4) 11 (14.1) 0.186 0.42 (0.14‑1.3)

CdTx: Clostridium difficile toxin; OR: Odds ratio; CI: Confidence interval; SD: Standard deviation; IQR: Interquartile range; ICU: Intensive care unit; 
IBD: Inflammatory bowel disease; PPI: Proton pump inhibitor, *P≤0.05 was considered statistically significant, **Patients who used antibiotics in 
last 3 months
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of  quinolone group of  antibiotics were independent risk 
factors for CdTx positivity (OR, 67.1; 95% CI, 17.4–258.6; 
OR, 9.3; 95% CI, 2.9–29.3; OR, 3.9; 95% CI, 1.1–13.3; and 
OR, 4.8; 95% CI, 1.08–21.7, respectively) [Table 3].

DISCUSSION

We investigated the effects of  specific risk factors for 
CdTx positivity in outpatients and inpatients in whom 
diarrhea developed during hospital stay, in Bezmialem 
Vakif  University Hospital. Presence of  risk factors such 
as IBD, PPI, and immunosuppressive drug use was found 
to be associated with toxin positivity, consistent with the 
previous studies. However, previous antibiotic use and 
prolonged hospital stay (>14 days) were not associated with 
toxin positivity in our study contrary to the literature.[11‑13] 
Use of  only quinolone antibiotics was associated with toxin 
positivity. A  recent study demonstrated the association 
of  use of  the fluoroquinolones with toxin positivity. 
Fluoroquinolone‑resistant strains were detected in CDI 
epidemics in Canada, the United States, and Europe 
especially after 2003.[14,15] We could not investigate the 
effects of  strains, because genetic analyses could not be 
carried out.

Risk factors were compared in community‑acquired 
and nosocomial CDIs. Recent studies demonstrated 
that community‑onset CDI could develop in patients 
who do not have well‑known risk factors and are not on 
antibiotics, contrary to previous studies, which reported 
CDI to develop in older, hospitalized, and antibiotic using 
patients. Incidence of  community‑acquired CDI was 29% 
in a study from Australia[16] and 45% in another report,[6] 
while it was 85.9% in our study, in which the incidence 
and the IBD ratio were higher.[6] Studies showed that IBD 
incidence was higher in developed countries compared 

with developing countries. However, this result may be 
ascribed to the fact that studies in developed countries 
were mostly prospective and population‑based, whereas the 
studies in developing countries were mostly retrospective 
and hospital‑based.[17] Incidence may be higher than 
what was reported in developing countries because 
population‑based epidemiologic data are inadequate. 
Therefore, population‑based prospective studies may be 
needed to determine the incidence of  IBD in developing 
countries. In our study, high incidence of  IBD in 
community‑acquired CDI may be ascribed to the increase 
in IBD incidence. Association of  IBD with CDI is vague. 
Although several studies advocate the role of  CDI in IBD 
development, the mechanisms are not clear.[18] Patients 
with IBD are at risk for CDI because of  administration of  
steroids, immunomodulating therapies, PPIs, antibiotics, 
and following changes in fecal microbiota. In addition, 
frequent hospital admissions and medical interventions may 
play a role in CDI development in patients with IBD.[18,19]

Community‑onset CDIs were demonstrated to occur in 
younger patients who do not have chronic diseases (such 
as malignancies) and are not on antibiotics, in studies 
comparing community‑onset and nosocomial infections.[6,16] 
Studies define different time spans for antibiotic use before 
CDI. For example, in one study the time span was last 

Table 3: Multivariate regression analyses of risk factors for 
CdTx positivity

Odds ratio 95% CI P

Presence of IBD 67.1 17.4‑258.6 0.0001*
PPI use 9.3 2.9‑29.3 0.0001*
Previous antibiotic use** 3.9 1.1‑13.3 0.02*
Quinolone group antibiotic use 4.8 1.08‑21.7 0.03*

CdTx: Clostridium difficile toxin; CI: Confidence interval; 
IBD: Inflammatory bowel disease; PPI: Proton pump inhibitor. 
*P≤0.05 was considered statistically significant, **Patients who used 
antibiotics in last 3 months

Table 2: Univariate analyses of community‑acquired and nosocomial CDI
Community‑onset n=55 (84.6%) Nosocomial n=10 (15.4%) P OR (95% CI)

Sex, n (%)
Female
Male

27 (49.1)
28 (50.9)

6 (60)
4 (40)

0.73 1.5 (0.4‑6.13)

Age groups, n (%)
18‑28
29‑38
39‑48
49‑58
59‑65
>65

15 (27.3)
16 (29.1)
15 (27.3)
3 (5.5)
3 (5.5)
3 (5.5)

1 (10)
0

1 (10)
3 (30)
2 (31)
3 (30)

0.003*

Presence of IBD, n (%) 41 (74.5) 3 (30) 0.01* 6.8 (1.5‑30.08)
Previous antibiotic use,** n (%) 25 (45.5) 9 (90) 0.01* 0.09 (0.01‑0.78)
Previous PPI use, n (%) 22 (40) 4 (40) 1 1 (0.25‑3.95)
Immunosuppressive therapy, n (%) 29 (52.7) 4 (40) 0.5 1.6 (0.42‑6.64)
Malignancy, n (%) 2 (3.6) 2 (31) 0.1 0.15 (0.01‑1.22)

OR: Odds ratio; CI: Confidence interval; IBD: Inflammatory bowel disease; PPI: Proton pump inhibitor, *P≤0.05 was considered statistically significant, 
**Patients who used antibiotics in last 3 months
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30 days, whereas it was 90  days in another. Antibiotic 
use was negative in 60% in the former and 45.7% in the 
latter.[20,21] However, Deshpande et al. demonstrated in their 
meta‑analysis that antibiotic use in community‑acquired 
CDI was seven‑fold higher. Antibiotic use was significantly 
higher in community‑acquired cases compared to 
nosocomial cases in our study.

In our study, toxin positivity was not associated with 
increased age (especially  >65  years) contrary to several 
previous studies.[22] This result may be due to higher 
incidence of  IBD among younger individuals in our 
subgroup analyses. Although increased age seems to have 
a negative effect on toxin positivity in our study, this should 
not be inferred as a general rule.[23]

IBD is accepted as a risk factor for CDI in multivariate 
analyses in most studies. Although IBD was the most 
important risk factor in our study, other studies found 
antibiotic use in the last 90 days or last 30 days as the most 
important risk factor.[20,21,24,25]

CDI incidence was found to be increased with quinolone 
use in recent studies, whereas in earlier studies beta‑lactam 
antibiotics were thought to be responsible for CDI.[26] 
Quinolones were associated with increase in the incidence 
of  CDI in our study, consistent with the literature.

PPIs inhibit gastric acid secretion, so the environment 
becomes suitable for the overgrowth of  C. difficile spores 
and germination.[27] Some studies revealed the association 
of  PPI use with toxin positivity.[16] PPI use was associated 
with toxin positivity in our study, but not with CDI 
infection. CDI development in toxin‑positive patients 
could not be elucidated. In a meta‑analysis, the authors 
demonstrated a significant association of  PPI use with 
CDI, but they reported the heterogeneity and the bias 
of  the studies in the same article. They focused on other 
studies with contrary results and the need for well‑designed 
prospective studies investigating the association of  PPI 
use with CDI.[28]

Other studies found the association of  prolonged hospital 
stay (>15 days) with toxin positivity, contrary to our study.[25]

We encountered toxin positivity mostly in outpatients. 
Previous epidemiological studies demonstrated toxin 
positivity in inpatients more than in outpatients. However, 
incidence in outpatients is increasing in recent studies. 
In our patient population, IBD and immunosuppressive 
therapy were common in outpatients, different from the 
clinical presentation after antibiotic use. These were in 

the high‑risk group because they had frequent hospital 
admissions and colonoscopies. However, antibiotic use was 
a prominent risk factor in patients who did not have IBD.

We used the enzyme immunoassay  (EIA) method, 
which has a sensitivity and specificity of  65%–85% and 
95%–100%, respectively, in our study. The EIA method 
is the most common method in clinical studies owing to 
its easy and quick applicability.[9] However, low specificity 
of  the method remains a disadvantage. Limitations of  this 
study include diagnosing with single method, absence of  
a toxigenic culture, and not detecting the toxigenic strain 
by molecular methods.

In their updated guidelines, Infectious Diseases Society 
of  America and Society for Healthcare Epidemiology of  
America recommend oral vancomycin and fidaxomicin in 
primary treatment of  nonsevere CDI and metronidazole 
in the alternative treatment. In severe and fulminant CDI, 
only vancomycin and fidaxomycin are recommended. 
Fecal microbiota transplantation (FMT) with antimicrobial 
treatment is recommended in recurrent CDI especially in 
individuals with greater than or equal to two attacks.[29] 
Studies showed that factors affecting the success of  the 
FMT could be routes of  delivery, number of  infusions, 
and faecal dosage. They also emphasized the necessity of  
individualized FMT scheme for each patient.[30]

In conclusion, old age, antibiotic use, and hospitalization 
were the most important risk factors for CDI in previous 
studies. However, in recent studies, CDI was demonstrated 
to be more frequent in younger individuals who did not 
have a history of  hospitalization but had an underlying 
disease such as IBD. In our study, we showed the change 
in the epidemiological data with prominence of  underlying 
diseases such as IBD. In the light of  novel studies, CDI 
should be kept in mind for differential diagnosis in patients 
suffering from diarrhea and underlying IBD.

Financial support and sponsorship
 Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Aldeyab  MA, Kearney  MP, Scott  MG, Aldiab  MA, Alahmadi  YM, 
Darwish Elhajji FW, et al. An evaluation of  the impact of  antibiotic 
stewardship on reducing the use of  high‑risk antibiotics and its effect 
on the incidence of  Clostridium difficile infection in hospital settings. 
J Antimicrob Chemother 2012;67:2988‑96.

2. Kutty PK, Woods CW, Sena AC, Benoit SR, Naggie S, Frederick J, et al. 
Risk factors for and estimated incidence of  community‑associated 



Bolukcu, et al.: Inflammatory bowel disease and Clostridium difficile

Saudi Journal of Gastroenterology | Volume 25 | Issue 6 | November-December 2019 389

clostridium difficile infection, North Carolina, USA. Emerg Infect 
Dis 2010;16:197‑204.

3. 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;49:390‑402.

4. Bartlett  JG. Antibiotic‑associated diarrhea. N  Engl J Med 
2002;346:334‑9.

5. Bartlett JG. Detection of  clostridium difficile infection. Infect Control 
Hosp Epidemiol 2010;31:S35‑7.

6. Khanna  S, Pardi  DS, Aronson  SL, Kammer  PP, Orenstein  R, 
St SauverJL, et  al. The epidemiology of  community‑acquired 
clostridium difficile infection: A  population‑based study. Am J 
Gastroenterol 2012;107:89‑95.

7. Burisch J. Crohn’s disease and ulcerative colitis. Occurrence, course 
and prognosis during the first year of  disease in a European 
population‑based inception cohort. Dan Med J 2014;61:B4778.

8. Dubberke ER, Reske KA, Seiler S, Hink T, Kwon JH, Burnham CA. 
Risk factors for acquisition and loss of  clostridium difficile 
colonization in hospitalized patients. Antimicrob Agents Chemother 
2015;59:4533‑43.

9. StaneckJL, WeckbachLS, Allen  SD, Siders  JA, Gilligan  PH, 
Coppitt G, et al. Multicenter evaluation of  four methods for clostridium 
difficile detection: Immunocard C. difficile, cytotoxin assay, culture, 
and latex agglutination. J Clin Microbiol 1996;34:2718‑21.

10. 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;28:140‑5.

11. Huang H, Wu S, Chen R, Xu S, Fang H, Weintraub A, et al. Risk factors 
of  clostridium difficile infections among patients in a university hospital 
in Shanghai, China. Anaerobe 2014;30:65‑9.

12. Lo Vecchio A, Zacur GM. Clostridium difficile infection: An update 
on epidemiology, risk factors, and therapeutic options. Curr Opin 
Gastroenterol 2012;28:1‑9.

13. Tariq  R, Khanna  S. Clostridium difficile infection: Updates in 
management. Indian J Gastroenterol 2017;36 (1):3–10.

14. Spigaglia  P, Barbanti  F, Dionisi  AM, Mastrantonio  P. Clostridium 
difficile isolates resistant to fluoroquinolones in Italy: Emergence of  
PCR ribotype 018. J Clin Microbiol 2010;48:2892‑6.

15. Cohen  SH, Gerding  DN, Johnson  S, Kelly  CP, Loo  VG, 
McDonald  LC, et  al. Clinical practice guidelines for clostridium 
difficile infection in adults: 2010 update by the society for 
healthcare epidemiology of  America  (SHEA) and the infectious 
diseases society of  America (IDSA). Infect Control Hosp Epidemiol 
2010;31:431‑55.

16. Clohessy P, Merif J, Post JJ. Severity and frequency of  community‑onset 
clostridium difficile infection on an Australian tertiary referral hospital 
campus. Int J Infect Dis 2014;29:152‑5.

17. Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff G, 
et al. Increasing incidence and prevalence of  the inflammatory bowel 
diseases with time, based on systematic review. Gastroenterology 
2012;142:46‑54.e42; quiz e30.

18. Nitzan O, Elias M, Chazan B, Raz R, Saliba W. Clostridium difficile and 
inflammatory bowel disease: Role in pathogenesis and implications in 
treatment. World J Gastroenterol 2013;19:7577.

19. D’Aoust J, Battat R, Bessissow T. Management of  inflammatory bowel 
disease with clostridium difficile infection. World J Gastroenterol 
2017;23:4986.

20. Wilcox  MH, Mooney  L, Bendall  R, Settle  CD, FawleyWN. 
A case‑control study of  community‑associated clostridium difficile 
infection. J Antimicrob Chemother 2008;62:388‑96.

21. Dial S, Kezouh A, Dascal A, Barkun A, Suissa S. Patterns of  antibiotic 
use and risk of  hospital admission because of  Clostridium difficile 
infection. Can Med Assoc J 2008;179:767‑72.

22. Dial  S, Delaney  JA, Barkun  AN, Suissa  S. Use of  gastric 
acid‑suppressive agents and the risk of  community‑acquired 
Clostridium difficile‑associated disease. JAMA 2005;294:2989‑95.

23. Berg  AM, Kelly  CP, Farraye  FA. Clostridium difficile infection 
in the inflammatory bowel disease patient. Inflamm Bowel Dis 
2013;19:194‑204.

24. Bloomfield  LE, Riley  TV. Epidemiology and risk factors for 
community‑associated Clostridium difficile infection: A  narrative 
review. J Infect Dis 2016;5:231‑51.

25. Khan FY, Elzouki A‑N. Clostridium difficile infection: A review of  
the literature. Asian Pac J Trop Dis 2014;7:S6‑13.

26. Honda H, Dubberke ER. The changing epidemiology of  Clostridium 
difficile infection. Curr Opin Gastroenterol 2014;30:54‑62.

27. Amir I, Konikoff FM, Oppenheim M, Gophna U, Half EE. Gastric 
microbiota is altered in oesophagitis and Barrett’s oesophagus and 
further modified by proton pump inhibitors. Environ Microbiol 
2014;16:2905‑14.

28. Trifan A, Stanciu C, Girleanu I, Stoica OC, Singeap AM, Maxim R, 
et al. Proton pump inhibitors therapy and risk of  clostridium difficile 
infection: Systematic review and meta‑analysis. World J Gastroenterol 
2017;23:6500‑15.

29. McDonald  LC, Gerding  DN, Johnson  S, Bakken  JS, Carroll  KC, 
Coffin SE, et al. Clinical practice guidelines for Clostridium difficile 
infection in adults and children: 2017 update by the infectious diseases 
society of  America (IDSA) and society for healthcare epidemiology 
of  America (SHEA). Clin Infect Dis 2018;66:e1‑48.

30. Ianiro G, Maida M, Burisch J, Simonelli C, Hold G, Ventimiglia M, et al. 
Efficacy of  different faecal microbiota transplantation protocols for 
Clostridium difficile infection: A systematic review and meta‑analysis. 
United European Gastroenterol J 2018;6:1232‑44.


