APPENDIX 1
Trial Design  
There was an initial control period in each sequence, each being an acute care hospital randomized to one of the four sequences followed by four randomized steps of intervention (one hospital per step) and an additional period of data collection after the last intervention period. Thus, there were six time periods in the design, for a total of 36 months. All hospitals received the intervention for a minimum of one year and continued until the end of the study period (Appendix 1, Figure 1). Participants assessed in different periods were considered mixed, as some participants may have been admitted to either of the acute care hospitals one or more times during the study period.  

  

Figure 1. Design of the Prevent CDI-55+ Study. A cluster (C1, C2, C3, or C4) represents one hospital randomized to four sequences. C1, SHC; C2, RGH; C3, PLC; C4: FMC. Each sequence included one or more 6-month control periods and an intervention minimum of one year. There was no transition period between sequences. 
Sequence Generation
An a priori decision was made to implement the intervention last at FMC due to its complexity, size, and patient population as a quaternary-care hospital with a catchment area that spans much of Southern Alberta. The remaining facilities were randomly staggered using a random number generator in R Version 3.3.1.
Choice of Probiotic Bio-K+ and Intervention Details 
The probiotic, Bio-K+, was chosen because capsules were pre-packaged in unit-dose format (hospital standard of care); licensure by Health Canada (Natural Health Product 80038453) attesting to its safety, efficacy and quality; its formulation (a verified CFU count relative to other products with multiple species), specific labelling by Health Canada “to help reduce the risk of C. difficile associated diarrhea in hospitalized patients”; Canadian sourcing, and clinical data demonstrating efficacy and safety in randomized controlled trials19,20 and prospective cohort studies28,29.  
Bio-K+ was administered daily, targeting initiation within 12-24 hours of the first dose of antibiotics and continued for five days after the final dose of the antibiotics, while in hospital. Patients who were unable to swallow capsules were given the option of having the nurse empty the capsules into jam or yogurt in a secure environment away from the bedside. 
If a patient was transferred to another acute care hospital in Calgary during their course of therapeutic antibiotics, the patient continued to receive the probiotic. Patients discharged home, to a congregate living facility, or to a healthcare facility outside of Calgary were provided information at discharge on C. difficile and how the patient may procure Bio-K+ in the community to continue the intervention. Outcome data on compliance with probiotics post discharge were not collected.
Outcomes, Definitions, and Data Source
The primary outcome was the incidence of HA-CDI among hospitalized patients 55 years and older. Hospital-based infection control professionals in Alberta Health Services (AHS) began monitoring incident episodes of hospital-acquired Clostridioides difficile (HA-CDI) on April 1, 2011. HA-CDI cases are laboratory-confirmed positive C. difficile tests on- or- after the 4th calendar day of admission that meets either symptomatic or insufficient information definitions or a readmitted patient is readmitted within 4 weeks of discharge from a facility where the admission was at least 4 calendar days. Symptomatic CDI is defined as laboratory-confirmed positive C. difficile and symptoms related to CDI (i.e. 6 or more watery/unformed stools in a 36-hour period; or 3 or more watery/unformed stools in a 24-hour period and is new or unusual for the patient; fever and abdominal pain or fever and ileus). Insufficient information are laboratory-confirmed positive C. difficile  where after review of patient’s medical record, the information about the frequency and consistency of stools is not available. In other words, there is belief that the patient meets definition for infection at the time of testing, but there is lack of evidence of symptoms in the chart.25
[bookmark: _Hlk132012467]Laboratory identification of C. difficile: Since 2010, the Calgary Zone, performs a two-step algorithm for Clostridioides difficile testing. There were no changes in the C. difficile laboratory testing during our study period. Formed stools are not acceptable for testing and testing is not performed for patients who had previous testing within the last seven (7) days. All samples are screened by a chemiluminescent immunoassay to detect glutamate dehydrogenase (GDH) specific for C. difficile. The sensitivity of this assay is >99%. If it is negative, C. difficile is ruled out. If the GDH is positive, Cepheid GeneXpert® Dx System, a real-time polymerase chain reaction test for rapid detection of toxin B gene sequences, is used to confirm the presence of a toxigenic C. difficile strain. The PCR method is greater than 99% sensitive and greater than 93% specific. Only final results based on the algorithm are reported to the infection prevention and control program.  
 All acute care facilities are required to participate, as CDI is a performance indicator and is publicly reported. All incidents of CDI, location of acquisition and related outcome information are manually recorded in a centralized, online provincial database. Cases of HA-CDI were provided in aggregate from each hospital by month and decile age group. The denominator data (i.e., patient-days) were provided by AHS Analytics for the period of interest, by month, decile age group, and participating hospital. The first 72 hours of an admission were not excluded from the patient-days to reflect time at risk for hospitalized patients, as this is not conventional practice in reporting facility-level HA-CDI rates. 

HA-CDI incidence density was calculated as the number of primary HA-CDI cases per 10,000 patient-days. 
Severe HA-CDI was defined as the proportion of HA-CDI cases that are severe, based on a composite measure of attributable death, colectomy, attributable stay in the ICU stay or colonic perforation within 30 days of HA-CDI diagnosis. Data on death, colectomy and ICU stay were collected and recorded by the IPC provincial CDI surveillance program. 
Intestinal perforation in the presence of CDI was identified using the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Canada (ICD-10-CA) coded in the discharge abstract database (DAD) for all incident episodes of HA-CDI. List of ICD-10-CA codes are in Table 1.  
Table 1. ICD-10-CA Codes for Intestinal Perforation
	Code 
	Description 

	K25.1 
	Gastric ulcer, acute with perforation 

	K25.2 
	Gastric ulcer, acute with both haemorrhage and perforation 

	K25.5 
	Gastric ulcer, chronic or unspecified with perforation 

	K25.6 
	Gastric ulcer, chronic or unspecified with both haemorrhage and perforation 

	K26.1 
	Duodenal ulcer, acute with perforation 

	K26.2 
	Duodenal ulcer, acute with both haemorrhage or perforation 

	K26.5 
	Duodenal ulcer, chronic or unspecified with perforation 

	K26.6 
	Duodenal ulcer, chronic or unspecified with both haemorrhage or perforation 

	K27.1 
	Peptic ulcer, acute with perforation 

	K27.2 
	Peptic ulcer, acute with both haemorrhage and perforation 

	K27.5 
	Peptic ulcer, chronic or unspecified with perforation 

	K27.6 
	Peptic ulcer, chronic or unspecified with both haemorrhage and perforation 

	K28.1 
	Gastrojejunal ulcer, acute with perforation 

	K28.2 
	Gastrojejunal ulcer, acute with both haemorrhage and perforation 

	K28.5 
	Gastrojejunal ulcer, chronic or unspecified with perforation 

	K28.6 
	Gastrojejunal ulcer, chronic or unspecified with both haemorrhage and perforation 

	K57.0 
	Diverticular disease of small intestine with perforation and abscess (includes diverticular disease of small intestine with peritonitis; excludes diverticular disease of both small and large intestine with perforation and abscess) 

	K57.2 
	Diverticular disease of large intestine with perforation and abscess (includes diverticular disease of colon with peritonitis; excludes diverticular disease of both small and large intestine with perforation and abscess) 

	K57.4 
	Diverticular disease of both small and large intestine with perforation and abscess (includes diverticular disease of both small and large intestine with peritonitis) 

	K57.8 
	Diverticular disease of intestine, part unspecified, with perforation and abscess (includes diverticular disease of intestine not otherwise specified with peritonitis) 

	K63.1 
	Perforation of intestine (nontraumatic) (excludes nontraumatic perforation of: appendix, duodenum; and with diverticular disease) 

	K82.2 
	Perforation of gallbladder (includes rupture of cystic duct or gallbladder) 



Testing rate of CDI was defined as all C. difficile tests and results (positive, negative, and indeterminate) from inpatients 55 years and older in participating hospitals per 10,000 patient-days. This measure was a proxy for antibiotic-associated diarrhea (AAD) since more than 90% of stool specimens sent for C. difficile testing in our region were in liquid form. All in-hospital C. difficile tests and results (positive, negative, and indeterminate) were provided by AHS Process Excellence Laboratory Services (now Alberta Precision Laboratories). 
Positivity rate of CDI was defined as all positive C. difficile specimens collected from inpatients 55 years and older in participating hospitals per 10,000 patient-days. 
Data on antibiotic and Bio-K+ administration to the patient was extracted from the electronic medication administration record in Sunrise Clinical Manager (SCM). Antibiotic data were excluded if patients were admitted to the hematology/oncology units or had antibiotic days of therapy less than or equal to 48 hours. 
A new course of therapeutic antibiotics was included if the administration date was equal to or more than seven days from the last administration date of the original therapeutic antibiotic. If multiple antibiotics were prescribed on the same day, this would be counted as a single new course of therapeutic antibiotics (i.e., it would only be counted once).  
Adherence with the intervention was calculated as the proportion of new therapeutic antibiotic treatments with Bio-K+ administered overall during the study period, and then stratified by Bio-K+ administered within 48 and 72 hours of the antibiotic treatment. 
An adverse event was defined as bacteremia due to Lactobacillus after a patient received the probiotic. 
Data on influenza hospitalizations were provided by AHS’ Communicable Disease Control department. Influenza hospitalizations were the number of hospitalized patients with laboratory confirmed influenza that was the direct or secondary cause of the hospitalization, based on review by a public health investigator or physician. Date of diagnosis was the symptom onset date or the first laboratory test date if the symptom onset was not available. 
The cost-effectiveness analysis was conducted to evaluate the risk of CDI and the costs of receiving Bio-K+ versus not receiving Bio-K+ over a time horizon of 30 days from the healthcare payer perspective using the decision analysis model by Leal et al25. 
Sample Size and Power Calculations
Based on Pharmacy data, it was estimated that approximately 507 patients aged >55 years were on antibiotics per day across the four adult acute care hospitals in Calgary, which corresponded to the estimate of patients potentially receiving probiotics per day. Assuming the HA-CDI rates did not decline faster than the overall historic decline and that they stabilized at 4 cases per 1000 admissions at the three major facilities, and 2.6 cases per 1000 admissions at SHC, the stepped wedge trial would have adequate power (>80%) at alpha=0.05 to detect a 30% relative reduction in rates across all random sequence scenarios, with FMC chosen as the last implementation facility. Power simulations were based on 10,000 replications per random sequence scenario.26
Implementation Details
The alert and accompanying Medical Logic Module for prescribers (i.e., attending physicians) was pilot tested over a period of four months. The Bio-K+ line-item would only be available to prescribers once the hospital began their intervention period. An alert would provide prescribers direction to order Bio-K+ seamlessly and easily, via a single click order entry, upon submitting an electronic order for a systemic antibiotic. To limit ‘alert fatigue’ the alert would be released once per day, per patient, per prescriber. Pharmacists would review missed opportunities for Bio-K+ ordering daily and adherence with Bio-K+ prescribing was reported monthly to the study team. Prescribers decided on whether to prescribe Bio-K+ based on patient eligibility and clinical judgment.
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