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(("risk factors"[MeSH Terms] OR ("risk"[All Fields] AND "factors"[All Fields]) OR "risk factors"[All Fields] OR ("risk"[All Fields] AND "factor"[All Fields]) OR "risk factor"[All Fields]) OR ("biological markers"[MeSH Terms] OR ("biological"[All Fields] AND "markers"[All Fields]) OR "biological markers"[All Fields] OR "marker"[All Fields]) OR predictor[All Fields]) AND (("recurrence"[MeSH Terms] OR "recurrence"[All Fields]) OR recurrent[All Fields]) AND (("Commun Dis Intell"[Journal] OR "Commun Dis Intell Q Rep"[Journal] OR "cdi"[All Fields]) OR (("clostridium difficile"[MeSH Terms] OR ("clostridium"[All Fields] AND "difficile"[All Fields]) OR "clostridium difficile"[All Fields]) AND ("infection"[MeSH Terms] OR "infection"[All Fields] OR "communicable diseases"[MeSH Terms] OR ("communicable"[All Fields] AND "diseases"[All Fields]) OR "communicable diseases"[All Fields])) OR (c.difficile[All Fields] AND ("infection"[MeSH Terms] OR "infection"[All Fields] OR "communicable diseases"[MeSH Terms] OR ("communicable"[All Fields] AND "diseases"[All Fields]) OR "communicable diseases"[All Fields]) AND cdad[All Fields]) OR (c.difficile[All Fields] AND associated[All Fields] AND ("diarrhoea"[All Fields] OR "diarrhea"[MeSH Terms] OR "diarrhea"[All Fields])) OR (c.difficile[All Fields] AND associated[All Fields] AND ("diarrhoea"[All Fields] OR "diarrhea"[MeSH Terms] OR "diarrhea"[All Fields])))
	Supplemental Table 1: Modified Newcastle-Ottawa Scale Scores for included studies

	First Author


	Year

published
	Study

Design
	Selection
	Comparability
	Outcome
	Total

	
	
	
	Representativeness of exposed cohort
	Representativeness of non-exposed cohort
	Ascertainment of exposure
	Demonstration that outcome of interest was not present at start of the study
	Study controls for Age
	Study controls for any additional factor
	Assessment of outcome from secure records
	Delay between episodes < 90 days
	Follow up period clearly reported
	

	Fekety R
	1997
	PC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	McFarland LV
	1999
	PC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Kyne L
	2001
	PC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	de Isusi AM
	2003
	RC
	1
	1
	1
	1
	1
	1
	0
	1
	0
	7

	Pepin J 
	2005
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Pepin J 
	2006
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Linsky A
	2010
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Kim JW
	2010
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Jung KS
	2010
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Cadena J
	2010
	RC
	1
	1
	1
	1
	0
	1
	1
	0
	1
	7

	Garey KW
	2010
	PC
	1
	1
	1
	1
	0
	1
	1
	1
	1
	8

	Drekonja DM
	2011
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Choi HK
	2011
	RC
	1
	1
	1
	1
	0
	1
	1
	1
	0
	7

	Bauer MP 
	2011
	PC
	1
	1
	1
	1
	1
	1
	1
	0
	1
	8

	Im GY
	2011
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Shakov R
	2011
	RC
	1
	1
	1
	1
	0
	1
	0
	0
	0
	5

	Eyre DW
	2012
	PC
	1
	1
	1
	1
	1
	1
	0
	1
	1
	8

	Ryu HS
	2012
	RC
	1
	1
	1
	1
	0
	1
	1
	1
	1
	8

	Khanna S 
	2012
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Hebert C
	2013
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Lupse M
	2013
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Samie AA
	2013
	RC
	1
	1
	1
	1
	0
	1
	1
	1
	0
	7

	Stewart DB
	2013
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Rodriguez-Pardo D
	2013
	PC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Fujii L
	2013
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Lavergne V
	2013
	PC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Freedberg DE
	2013
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Louie TJ
	2013
	PC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Zilberberg M
	2014
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	Ramanathan S
	2014
	RC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	First author


	Year

published
	Study

Design
	Selection
	Comparability
	Exposure
	Total

	
	
	
	Case definition adequate
	Representativeness of cases
	Selection of controls
	Definition of controls
	Study controls for Age
	Study controls for any additional factor
	Ascertainment of exposure
	Same method of ascertainment for cases and controls
	Follow up period clearly reported
	

	Do AN
	1998
	CC
	1
	1
	1
	1
	0
	1
	1
	1
	0
	7

	Kim YG
	2012
	CC
	1
	1
	1
	1
	1
	1
	1
	1
	0
	8

	Rotramel A
	2012
	CC
	1
	1
	1
	1
	1
	1
	1
	1
	1
	9

	PC = Prospective cohort; RC= Retrospective cohort; CC = Case control


	Supplemental Table 2: Other risk factors for recurrent C.difficile infection

	Risk factor
	Reference
	OR/HR/RR 95%CI

	Age
	
	

	   Age, per each additional year
	Hebert et al. 
	OR: 1.02 (1.01-1.03)

	   Age, per each additional year
	McFarland et al.
	OR: 1.04 (1.01-1.07)

	   Age, per each additional year
	Rodriguez-Pardo et al.
	OR: 1.02 (1.00-1.04)

	   Age, per decile
	Khanna et al.
	OR: 2.52 (0.91-6.98)

	   Age, per decile
	Louie et al.
	OR: 1.03 (0.89-1.19)

	   Age, per decile
	Eyre et al.
	RR: 2.52 (0.91-6.98)

	   Age, per decile
	Lavergne et al.
	HR: 1.03 (0.89-1.19)

	   0-17 yrs
	Pepin et al. 2006
	HR: 0.91 (0.39-2.10)

	   18-64 yrs
	Pepin et al. 2005
	HR: 0.82 (0.45-1.48)

	   <60 yrs
	Linsky et al.
	HR: 1.19 (0.56-2.55)

	   >60 yrs
	Im et al.
	RR: 2.44 (1.10-5.41)

	   >70 yrs
	Lupse et al.
	RR: 1.50 (1.06-2.71)

	   >80 yrs
	Linsky et al.
	HR: 1.86 (1.15-3.01)

	   60-80 yrs
	Linsky et al.
	HR: 1.32 (0.94-1.85)

	   Per decile with previous dialysis/chemotherapy  

   interaction
	Eyre et al.
	RR: 1.57 (1.23-2.00)

	Gastric acid suppression
	
	

	   Previous use of PPI
	Lupse et al.
	RR: 1.30 (1.16-3.1)

	   H2 blockers in previous 90 days
	Hebert et al.
	OR: 0.67 (0.40-1.11)

	   PPI or H2 blocker at diagnosis
	Khanna et al.
	OR: 0.65 (0.40-1.06)

	   After onset of initial CDI
	Zilberberg et al.
	HR: 1.40 (1.03-1.90)

	Antibiotic usage
	
	

	   Prior antibiotic exposure
	Khanna et al.
	OR: 0.90 (0.47-1.76)

	   Previous ceftazidime use
	Bauer et al.
	OR: 2.48 (1.06-5.81)

	   Cephalosporin after diagnosis
	Hebert et al.
	OR: 1.80 (1.19-2.71)

	   Piperacillin-tazobactam in past 90 days
	Hebert et al.
	OR: 2.48 (1.06-5.81)

	   Piperacillin-tazobactam given after diagnosis
	Hebert et al.
	OR: 1.80 (1.19-2.71)

	   Stopped within 3 days of diagnosis
	Cadena et al.
	OR: 2.20 (0.90-5.20)

	   IV vancomycin
	Zilberberg et al.
	HR: 1.05 (0.80-1.39)

	   Non-CDI antimicrobials during or after CDI Rx
	Drekonja et al.
	OR: 2.80 (1.44-5.47)

	   No additional antibiotic exposure
	Linsky et al.
	HR: 1.30 (0.94-1.79)

	   Duration of antibiotics before CDI diagnosis
	Ryu et al.
	OR: 1.02 (0.99-1.05)

	   Anti-pseudomonal penicillin-B lactamse  

   combination
	Bauer et al.
	OR: 2.32 (0.79-6.82)

	   Tetracyclines
	Ramanathan et al.
	OR: 0.36 (0.13-1.03)

	   Aminoglycosides
	Ramanathan et al.
	OR: 1.19 (0.85-1.67)

	Previous CDI
	
	

	   History of atleast 2 CDI episodes
	Fekety et al.
	OR: 3.87 (1.12-13.34)

	   CDI in last 8 weeks
	Bauer et al.
	OR: 2.26 (1.03-4.96)

	   Each previous CDI episode
	Fekety et al.
	OR: 1.60 (1.20-2.20)

	Co-morbidities
	
	

	   Diabetes
	Samie et al.
	OR: 1.05 (0.35-3.12)

	   Diabetes
	Shakov et al.
	OR: 3.04 (1.84-5.03)

	   Chronic renal insufficiency
	Do et al.
	OR: 17.10

	   Pulmonary disease
	Bauer et al.
	OR: 0.62 (0.20-1.95)

	   Immunocompromised patients
	Kim et al. 2012
	OR: 3.36 (0.63-17.85)

	   Malignancy
	Kim et al. 2012
	OR: 1.71 (0.44-6.61)

	   Cerebrovascular disease
	Kim et al. 2012
	OR: 0.70 (0.13-3.91)

	   Cerebral insult
	Samie et al.
	OR: 0.54 (0.17-1.74)

	   Cirrhosis
	Samie et al.
	OR: 0.50 (0.06-4.10)

	   Anemia
	Ryu et al.
	OR: 2.48 (0.96-6.42)

	   Congestive heart failure
	Ryu et al.
	OR: 0.42 (0.03-5.12)

	   Respiratory infection
	Ryu et al.
	OR: 0.73 (0.30-1.69)

	   Underlying illness
	Kim et al. 2012
	OR: 0.53 (0.10-2.96)

	   Recent GI surgery
	Kim et al. 2012
	OR: 5.98 (1.22-29.44)

	   Prior surgery within a month before Rx
	Jung et al.
	OR: 14.67 (1.23-174.27)

	   Previous VRE colonization
	Choi et al.
	OR: 14.52 (1.16-182.23)

	   Corticosteroid use
	Samie et al.
	OR: 2.12 (0.79-5.64)

	   Immunosuppressants
	Freedberg et al.
	HR: 1.04 (0.72-1.49)

	   Charlson score per additional point
	Freedberg et al.
	HR: 1.09 (1.04-1.14)

	   Charlson comorbidity index
	Khanna et al.
	OR: 1.02 (0.93-1.11)

	   Quality-of-health index
	McFarland et al.
	OR: 0.96 (0.93-0.99)

	Laboratory parameters
	
	

	   Hypoalbuminemia
	Kim et al. 2010
	OR: 1.85 (1.35-4.91)

	   Hypoalbuminemia
	Shakov et al.
	OR: 1.74 (1.10-2.77)

	   High WBC count at onset
	Do et al.
	OR: 11.30

	   High WBC count at onset
	Samie et al.
	OR: 1.02 (0.38-2.70)

	   High WBC count at onset
	Rodriguez-Pardo et al.
	OR: 2.28 (1.19-4.36)

	   Low 3-day IgM antitoxin A
	 Kyne et al.
	OR: 9.0 (1.6-49.4)

	   Positive C.difficile antitoxin serology
	Lavergne et al.
	HR: 0.17 (0.05-0.59)

	   Lymphopenia at completion of CDI Rx
	Lavergne et al.
	HR: 2.18 (1.08-4.39)

	   C-reactive protein
	Samie et al.
	OR: 3.06 (0.38-24.68)

	   Hyponatremia
	De Isusi et al.
	OR: 5.16 (2.00-13.31)

	   High fecal IL-8
	Garey et al.
	OR: 2.70 (1.01-7.40)

	Admission and hospitalization
	
	

	   Duration of hospitalization within 1-15 days of   

   CDI diagnosis
	Pepin et al. 2005
	HR: 0.83 (0.60-1.17)

	   Duration of hospitalization within 16-30 days of   

   CDI diagnosis
	Pepin et al. 2005
	HR: 0.94 (0.62-1.43)

	   Duration of hospitalization within 31-60 days of   

   CDI diagnosis
	Pepin et al. 2005
	HR: 0.10 (0.03-0.32)

	   Duration of hospitalization within 1-15 days after  

   first recurrence
	Pepin et al. 2006
	HR: 1.32 (0.89-1.96)

	   Duration of hospitalization within ≥16 days after  

   first recurrence
	Pepin et al. 2006
	HR: 1.39 (0.93-2.08)

	   Length of stay from diagnosis to censoring
	Hebert et al.
	OR: 1.04 (1.00-1.08)

	   ICU stay 30 days before diagnosis
	Hebert et al.
	OR: 0.47 (0.30-0.75)

	   ICU stay 2-4 days after diagnosis
	Hebert et al.
	OR: 1.49 (0.87-2.55)

	   Hospital length of stay, per additional day
	Freedberg et al.
	HR: 1.00 (1.00-1.01)

	   ICU stay 
	Freedberg et al.
	HR: 0.88 (0.61-1.25)

	   Length of stay 31-90 days
	Ramanathan et al.
	OR: 1.27 (0.80-2.02)

	   Length of stay 91-180 days
	Ramanathan et al.
	OR: 2.89 (1.84-4.54)

	   Length of stay ≥180 days
	Ramanathan et al.
	OR: 2.65 (1.73-4.06)

	   Hours in hospital if emergency admission
	Eyre et al.
	RR: 1.12 (1.03-1.22)

	   Hours in hospital if previous GI admission
	Eyre et al.
	RR: 1.15 (1.04-1.28)

	   Previous GI admission 
	Eyre et al.
	RR: 2.33 (1.13-4.78)

	   Elective admission with previous   

   dialysis/chemotherapy
	Eyre et al.
	RR: 4.74 (1.96-11.4)

	   Elective admission and previous MRSA
	Eyre et al.
	RR: 5.10 (2.12-12.20)

	   Recent hospitalization
	Drekonja et al.
	OR: 9.28 (1.17-73.56)

	   One hospitalization in past 60 days
	Zilberberg et al.
	HR: 1.27 (0.99-1.64)

	   >1 hospitalization in past 60 days
	Zilberberg et al.
	HR: 1.46 (1.08-1.96)

	   Time from admission to CDI diagnosis
	Ryu et al.
	OR: 0.99 (0.97-1.01)

	C. difficile strain
	
	

	   BI strain
	Louie et al.
	OR: 1.60 (1.03-2.51)

	   tcdA + tcdB +binary toxin gene
	Stewart et al.
	OR: 3.10 (2.97-3.33)

	   tcdC + binary toxin gene
	Stewart et al.
	OR: 5.30 (3.52-6.09)

	   PCR-ribotype 018
	Bauer et al.
	OR: 0.50 (0.07-3.71)

	   PCR-ribotype 018
	Bauer et al.
	OR: 1.76 (0.33-9.29)

	Site of CDI acquisition
	
	

	   Hospital acquired
	Pepin et al. 2005
	HR: 1.52 (1.09-2.13)

	   Healthcare associated
	Bauer et al.
	OR: 1.93 (0.59-6.35)

	   Community-Onset Healthcare Facility-Associated
	Zilberberg et al.
	HR: 1.78 (1.39-2.27)

	   Community-Associated CDI
	Zilberberg et al.
	HR: 1.25 (0.91-1.72)

	   Community-Acquired CDI
	Do et al.
	OR: 11.20

	CDI Severity
	
	

	   Severe CDI
	Kyne et al.
	OR: 5.40 (1.08-26.84)

	   Severe vs mild/moderate
	Ramanathan et al.
	OR: 0.96 (0.67-1.40)

	   Severe/complicated vs mild/moderate
	Ramanathan et al.
	OR: 1.09 (0.79-1.50)

	CDI treatment
	
	

	   Metronidazole 
	Kim et al. 2012
	OR: 0.53 (0.12-2.39)

	   Metronidazole
	Hebert et al.
	OR: 2.74 (1.64-4.60)

	   Oral vancomycin
	Kim et al. 2012
	OR: 6.86 (0.52-89.73)

	   Oral vancomycin
	Freedberg et al.
	HR: 1.11 (0.64-1.93)

	   Metronidazole + Oral vancomycin
	Freedberg et al.
	HR: 1.21 (0.86-1.69)

	   Fidaxomicin vs vancomycin
	Louie et al.
	OR: 0.40 (0.26-0.63)

	CDI = C.difficile infection ; GI = gastrointestinal; OR/HR/RR = Odds ratios/Hazard ratios/Risk ratios; ICU = intensive care unit; IV = intravenous; PPI = proton pump blockers; Rx = treatment; VRE = vancomycin-resistant enterococci; WBC = white blood cell


Supplemental Figure 1:

1A: Funnel Plot of the association between additional antibiotics during follow-up and recurrent C. difficile infection (rCDI). Dashed line indicates pooled relative risk of 1.76.
[image: image1.emf]
1B: Funnel plot of the association between proton-pump inhibitors during follow-up and recurrent C. difficile infection (rCDI). Dashed line indicates pooled relative risk of 1.58.
[image: image2.emf]

	Supplemental Table 3: PRISMA Checklist

	Section/topic 
	#
	Checklist item 
	Reported on page # 

	TITLE 
	

	Title 
	1
	Identify the report as a systematic review, meta-analysis, or both. 
	1

	ABSTRACT 
	

	Structured summary 
	2
	Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications of key findings; systematic review registration number. 
	3

	INTRODUCTION 
	

	Rationale 
	3
	Describe the rationale for the review in the context of what is already known. 
	4

	Objectives 
	4
	Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, outcomes, and study design (PICOS). 
	4

	METHODS 
	

	Protocol and registration 
	5
	Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide registration information including registration number. 
	-

	Eligibility criteria 
	6
	Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale. 
	5

	Information sources 
	7
	Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched. 
	5

	Search 
	8
	Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated. 
	S1

	Study selection 
	9
	State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis). 
	5

	Data collection process 
	10
	Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators. 
	6

	Data items 
	11
	List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made. 
	5

	Risk of bias in individual studies 
	12
	Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis. 
	6, 7

	Summary measures 
	13
	State the principal summary measures (e.g., risk ratio, difference in means). 
	7

	Synthesis of results 
	14
	Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I2) for each meta-analysis. 
	7


	Section/topic 
	#
	Checklist item 
	Reported on page # 

	Risk of bias across studies 
	15
	Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies). 
	8

	Additional analyses 
	16
	Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified. 
	7

	RESULTS 
	

	Study selection 
	17
	Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram. 
	8

	Study characteristics 
	18
	For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. 
	8

	Risk of bias within studies 
	19
	Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 
	9

	Results of individual studies 
	20
	For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 
	10-12

	Synthesis of results 
	21
	Present results of each meta-analysis done, including confidence intervals and measures of consistency. 
	10-12

	Risk of bias across studies 
	22
	Present results of any assessment of risk of bias across studies (see Item 15). 
	9

	Additional analysis 
	23
	Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 
	NA

	DISCUSSION 
	

	Summary of evidence 
	24
	Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy makers). 
	12

	Limitations 
	25
	Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias). 
	14

	Conclusions 
	26
	Provide a general interpretation of the results in the context of other evidence, and implications for future research. 
	15

	FUNDING 
	

	Funding 
	27
	Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the systematic review. 
	2


From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097 
8

