

[bookmark: _Toc486343591]S1. Model derivation 
Our group previously published two agent-based models of C. difficile transmission in the adult hospital setting.1,2 The pediatric model in this paper incorporates aspects from both prior sets of work, while utilizing a conceptual framework unique to the pediatric setting. A similar discrete-time Markov chain is central to all three of our group’s models. Modification and recalibration of this for the pediatric setting is discussed in Supplement S2. 
[bookmark: _GoBack][bookmark: _Toc486343654]Several workflow and biological differences relevant to C. difficile transmission in the adult versus pediatric setting are outlined in Table S1. Two of the most important modeling decisions unique to the pediatric model include the incorporation of a caregiver agent type and a central hospital-wide playroom/school area. Caregiver agents approximate parents or guardians, who remain with a patient for longer periods of time than a typical visitor. They engage more actively in patient care, can accompany the patient to the playroom/school, and have more direct physical contact with patients than traditional visitors. Caregivers’ longer duration of stay and mobility around the hospital increases patient and environmental contamination, affecting C. difficile outcomes. In the pediatrics model, the playroom/school allows for daily contact among patients and between patients and the room’s physical environment. 
Table S1: Modeling considerations in the pediatric versus adult setting
	Quality 
	Adult setting
	Pediatric setting

	Workflow differences

	Hospital size
	An average sized hospital has more wards, beds, healthcare workers, and patients
	Fewer total wards, beds, healthcare workers, and patients; More frequent nursing contact

	Visitor interactions
	Shorter duration (50% of visits less than 30 minutes),3 fewer total visits and visitors, less physical contact between visitors and patients, nurses serve as primary caregivers
	Longer duration of visits (often overnight or for multiple daytime hours), more total visits and visitors, parent/guardian caregivers accompany patients to playroom/school common area and take on an active role in patient care, more direct physical contact between visitors and patients

	Patient interactions
	Minimal interactions between patients
	Frequent interactions between patients in hospital-wide playroom/school 

	Biological differences

	Colonization 
	Uncommon in the community setting without predisposing factors or prior interaction with healthcare system4,5
	Common among children less than 3, including healthy children in the community setting6–11

	Symptom presentation
	Colonized patients can progress to symptomatic infection 
	Other infectious causes of diarrhea are more common12

	CDI-associated mortality
	CDI patients at a higher risk for mortality than non-CDI patients4,13
	The CDI-attributable death rate is minimal once patient comorbidities are accounted for14


CDI: C. difficile infection
S2. Recalibration of discrete time Markov chain
	The pediatric discrete-time Markov chain underpinning patients’ progressions through eight C. difficile clinical states was derived from a discrete-time Markov chain developed in our group’s first agent-based model of nosocomial C. difficile transmission in the adult setting.1 Extensive calibration of the discrete-time Markov chain was conducted during development of that model. As part of the process, a set of ten final matrices were selected from over 100,000 realistic discrete-time Markov chain matrix possibilities on the basis of their performance with regards to four benchmark calibration targets: asymptomatic colonization, symptomatic infection, relapse CDI, and CDI-related mortality.1 
The pediatrics model employs a modified version of the top ten adult discrete-time Markov chain matrices, adapted for the pediatrics setting. The modifications revolve around three major changes: CDI-related death, the transition between exposed and infected patients, and the transition between exposed and colonized patients. Because CDI-associated in-hospital death is rare in the pediatrics setting,14–17 the transition probabilities from infection to death and recurrent infection to death were reduced to zero. The model does not track mortality, because death occurs in only 0.4% of all pediatric hospital admissions.18 Among this 0.4%, CDI-attributable death rate is minimal once patient comorbidities are accounted for.14 Thus, death was removed completely from the pediatrics model, reducing the number of possible clinical patient transition states from nine in the adult models to eight.  
	The probability of transitioning from C. difficile exposure to symptomatic infection was recalibrated to 5.54 cases per 10,000 patient days based on pediatric-specific rates of CDI in the literature and 2015 to 2016 internal data from the American Family Children’s Hospital in Madison, Wisconsin (Table S2).17,19–22 Several studies reported only a composite all-cause CDI measure that included both community-associated and HO-CDI. We converted this to HO-CDIs using a 46:54 HO-CDI:non-HO-CDI ratio. This ratio was based on two studies of inpatient CDIs from 2006 to 2011 using the nationwide Pediatric Health Information System database.21,22 
[bookmark: _Toc486343667]Table S2: CDI recalibration target for pediatric discrete-time Markov chain
	Source
	Data year
	Population
	Rate (cases per 10,000 patient days)
	Rate (cases per 1,000 admissions)
	Sample size (admissions)

	AFCH (ID)
	2015, 2016
	1 hospital, non-ICU wards
	5.20 (HO-CDI)
	2.82 (HO-CDI)
	5,310; 28,867 patient days

	Kim19
	2006
	22 hospitals nationwide 
	6.5 (all CDI)
	4.0 (all CDI)
	--

	
	
	HO-CDI correction1
	2.99 (HO-CDI)
	1.84 (HO-CDI)
	

	Zilberberg20
	2006
	HCUP-KID
	12.80 (all CDI)
	--
	--

	
	
	HO-CDI correction1
	5.89 (HO-CDI)
	
	

	
	2006
	NHDS
	--
	1.403 (all CDI)
	69,649 

	
	
	HO-CDI correction1
	
	0.65 (HO-CDI)
	

	Source
	Data year
	Population
	Rate (cases per 10,000 patient days)
	Rate (cases per 1,000 admissions)
	Sample size (admissions)

	Nylund17
	1997, 2000, 2003, 2006
	HCUP-KID
	--
	2.03 (all CDI); increasing every year, data not stratified
	10,474,454

	
	
	HO-CDI correction1
	
	0.93 (HO-CDI)
	


AFCH, American Family Children’s Hospital, Madison, Wisconsin; HCUP-KID, Health care utilization project kid’s inpatient database; ID, Internal data; NHDS, National Hospital Discharge Survey; 1HO-CDI average 46% of all CDI cases in pediatrics hospitals21,22

Robust pediatric-specific data on in-hospital asymptomatic colonization rates were not available in the literature and we assumed that the probability of transitioning from C. difficile exposure to asymptomatic colonization is the same in pediatric and adult settings. We believe this is an appropriate assumption, given that the majority of non-neonatal hospitalized patients are aged three and older23 and by age three a child’s gastrointestinal microbiome composition and C. difficile pathology approximate that of an adult.11,21,24–28 We utilized a target asymptomatic colonization rate of 35.72 colonizations per 1,000 admissions, identical to that of our second adult model.2 
	Using target rates of 5.54 HO-CDI per 10,000 patient days and 35.72 colonizations per 1,000 admissions, all top-ten discrete-time Markov chain matrices were initially employed simultaneously for recalibration. Each patient was randomly assigned one matrix, chosen with equal probability, at the time of admission. All combinations of the recalibrated transition probabilities were run 4,500 times at baseline conditions (Table S3). 
Ultimately, we recalibrated the discrete-time Markov chain using transition probabilities 6.5% and 53% times our initial adult model’s1 exposed to infected and exposed to colonized probabilities, respectively. We used a probability of zero for transitioning from infection and recurrent infection to death. 
[bookmark: _Toc486343668]Table S3: Recalibration of Codella, et al. discrete time Markov-chains1 for the pediatrics model
	Multiple of Codella transition from exposed to infected
	Multiple of Codella transition from exposed to colonized
	HO-CDI per 10,000 patient days
	Asymptomatic colonizations per 1,000 admissions

	3%
	48%
	3.58 (3.54, 3.63)
	32.74 (32.63, 32.84)

	4.5%
	52%
	4.40 (4.35, 4.45)
	35.46 (35.35, 35.57)

	6%
	53%
	5.21 (5.16, 5.26)
	36.14 (36.03, 36.25)

	6.5%
	52%
	5.50 (5.45, 5.56)
	35.49 (35.38, 35.60)

	6.5%
	53%
	5.53 (5.47, 5.58)
	36.11 (36.00, 36.22)

	7% 
	53%
	5.81 (5.76, 5.87)
	36.11 (36.00, 36.22)



	Each of the recalibrated top-ten matrices was then evaluated to determine if one matrix could reasonably replicate the results obtained by all using ten simultaneously. We assessed this by simulating 1000 runs of each top-ten matrix at baseline condition. For each set of 1000 runs, all patients were assigned the same discrete-time Markov chain matrix. Matrix seven was ultimately determined to be the best single matrix for replicating the results of running all ten matrices simultaneously (Table S4). 
[bookmark: _Toc486343669]Table S4: Matrix selection results at baseline 
	Matrix
	HO-CDI (per 10,000 PD)
	Asymptomatic colonizations (per 1,000 admissions)

	1
	6.02 (5.90, 6.14)
	28.61 (28.41, 28.82)

	2
	4.76 (4.65, 4.87)
	16.27 (16.13, 16.41)

	3
	6.11 (5.99, 6.23)
	45.64 (45.37, 45.92)

	4
	5.52 (5.40, 5.64)
	24.38 (24.20, 24.57)

	5
	5.98 (5.86, 6.10)
	72.22 (71.85, 72.58)

	6
	4.80 (4.69, 4.91)
	37.17 (36.92, 37.41)

	7
	5.47 (5.35, 5.58)
	32.81 (32.59, 33.03)

	8
	4.20 (4.10, 4.31)
	41.42 (41.17, 41.68)

	9
	5.51 (5.40, 5.63)
	50.03 (49.74, 50.32)

	10
	6.05 (5.93, 6.17)
	20.27 (20.11, 20.44)

	All 10
	5.46 (5.35, 5.58)
	36.23 (36.00, 36.46)


Results of matrix selection testing under the baseline condition of no intervention implementation. AC: Asymptomatic colonization; HO-CDI: Hospital onset Clostridium difficile infection; PD: Patient days

	We subsequently compared the results for the intervention strategies using all ten matrices to that of matrix seven alone. This was done to ensure that the single matrix could be used as a surrogate for random selection from all ten matrices when assessing trends in intervention effectiveness. We simulated 5,000 runs for each intervention strategy (Table S5). 
[bookmark: _Toc486343670]Table S5: Replication of intervention results with matrix seven 
	Intervention
	Top-ten
	Matrix seven

	
	HO-CDI per 10,000 PD
	Asymptomatic colonizations per 1,000 admissions
	HO-CDI per 10,000 PD
	Asymptomatic colonizations per 1,000 admissions

	Baseline
	5.53 
(5.47, 5.58)
	36.11
(36.01, 36.22)
	5.50
(5.45, 5.56)
	32.73
(32.63, 32.83)

	Daily cleaning
	2.83
(2.79, 2.87)
	9.48
(9.43, 9.54)
	2.83
(2.80, 2.87)
	8.65
(8.59, 8.70)

	HCW contact precautions
	5.47
(5.42, 5.53)
	35.70
(35.60, 35.81)
	5.43
(5.38, 5.48)
	32.40
(32.30, 32.50)

	HCW hand hygiene
	4.43
(4.38, 4.48)
	25.21
(25.12, 25.30)
	4.46
(4.41, 4.51)
	22.81
(22.73, 22.89)

	Patient hand hygiene
	5.04
(4.99, 5.09)
	31.49
(31.39, 31.59)
	5.04
(4.99, 5.09)
	28.54
(28.45, 28.63)

	Patient transfer
	5.38
(5.33, 5.43)
	34.07
(33.97, 34.18)
	5.35
(5.30, 5.40)
	30.88
(30.78, 30.98)

	Screening
	3.94
(3.90,3.99)
	22.34
(22.24, 22.44)
	3.93
(3.89, 3.98)
	20.09
(20.00, 20.19)

	Terminal cleaning
	4.87
(4.82, 4.92)
	27.38
(27.28, 27.48)
	4.84
(4.79, 4.89)
	24.81
(24.72, 24.90)

	Visitor contact precautions
	5.50
(5.45, 5.55)
	36.12
(36.01, 36.22)
	5.50
(5.45, 5.55)
	32.74
(32.64, 32.84)

	Visitor hand hygiene
	5.51
(5.46, 5.56)
	36.11
(36.00, 36.22)
	5.52
(5.46, 5.57)
	32.68
(32.51, 32.70)


Results of matrix seven testing at baseline and an enhanced level of each intervention individually. HO-CDI: Hospital onset Clostridium difficile infection; PD: Patient days

	Matrix seven replicated the results compared to using all ten matrices very well and was used for all subsequent model runs and analyses. Matrix seven results for HO-CDI replicated all ten matrices almost exactly. While the asymptomatic colonization rate was slightly lower using matrix seven, the trends were consistent across all interventions. 
S3. Data Sources
Primary administrative data from the American Family Children’s Hospital in Madison, Wisconsin were used to develop a mean:standard deviation length of stay ratio, which was subsequently used to determine the measure’s standard deviation. These data were also used to derive the patient transfer intervention estimates. Caretaker service time parameters were defined based on expert opinion, as no comprehensive workflow studies of visitors to children’s hospitals have been conducted, to date.
S4. Order of events in the model
	The order of events is outlined for each agent type in the subsequent flow diagrams: Figures S2.A (patients), S2.B (nurses and doctors), S2.C (visitors), and S2.D (caregivers). The overall order of events at each time point in the model is run as follows: 
1. New patients arrive and are assigned an infectious status, hospital room, any intra- and inter-ward transfer times, and a 3 nurse, 2 physician healthcare worker team. Patients may be tested for C. difficile and begin treatment, depending on patient symptoms and the status of the asymptomatic screening intervention. If the screening intervention is active or patient has symptoms, screening and initiation of contact precautions for C. difficile positive patients occurs immediately at the time of admission. 
2. Every 24 hours, visitor and caregiver additions are determined for the following day. 
3. Visitors who have completed their stay are removed (Figure S2.C).
4. Caregivers who have completed their stay are removed (Figure S2.D).
5. Every 6 hours, patients’ clinical statuses are updated using the discrete-time Markov chain. Newly symptomatic patients are immediately tested for CDI and may begin treatment.
6. [bookmark: _Toc484008357]Every hour, patients scheduled for intra- or inter-ward transfers within the hour are transferred. Room transfers include terminal cleaning of the patient’s original room. Inter-ward transfers also include assignment of a new nursing team. 
7. Every 6 hours, healthcare worker visit times are defined. 
8. Patients scheduled to meet with another patient at this time go with them to the ward patient common room, which represents children playing together.
9. Patients scheduled to attend playroom/school at this time go to central playroom/school.
10. Every 24 hours, patient:patient and playroom/school meeting times are determined for the following day
11. Patients who have completed their hospital stay are removed and the patient room is terminally cleaned.
12. Nurses and doctors change location, as applicable (see Figure S2.B). 
13. Every 24 hours, rooms may undergo daily cleaning. 
14. Every 24 hours, C. difficile treatment status is updated for patients receiving vancomycin. 
15. New visitors with this entry time are added to their patient’s room (Figure S2.C).
16. New caregivers with this entry time are added at their patient’s location (Figure S2.D). 




Figure S1: Transmission Pathways
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Pathways for C. difficile transmission between patients, healthcare workers, visitors, and the environment. There are 14 interactions in which C. difficile transmission can occur.  
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Figure S2: Flow diagrams of agent logic
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Flow diagrams for A) patient, B) healthcare workers, C) visitor, and D) caregiver model logic. HCW: Healthcare worker; Figures S1.A-C adapted from flow diagrams in Barker et al.2

[bookmark: _Toc486343592]S5. Patient transfer parameter
	Pediatric patient transfer data from the American Family Children’s Hospital in Madison, Wisconsin were abstracted from the University of Wisconsin Hospital and Clinics’ data warehouse and used to create a distribution for patient transfer frequency and timing. Both intra- and inter-ward transfers were evaluated. Data were obtained on all American Family Children’s Hospital inpatient discharges that occurred between October 1 and December 31, 2016. A total of 708 patients were discharged during this time period, of which 24.3% experienced one or more room transfers during their stay. The average time between admission and room transfer or between the initial and a subsequent transfer, normalized to the patient’s total length of stay, was 28% of the patient’s length of stay. Intra-ward transfers accounted for 27.4% of all transfers, compared to 72.6% for inter-ward transfers. 
S6. Synchronization
	We synchronized common random numbers using the Colt Project’s Mersenne Twister-based pseudorandom number generator.29 The random number generator was employed via the rngs extension in NetLogo. The model relies on 229 random number streams that are reproducible when initialized with the same seed. We assessed the stability of the results for each intervention at iteratively increasing sample sizes (Table S6). The visitor hand hygiene and visitor and healthcare worker contact precautions interventions were ineffective at reducing HO-CDI compared to baseline. Despite our process of synchronizing random numbers, a non-trivial residual effect of chance remains at 5,000 runs for these three interventions because of their negligible clinical effects.
S7. Validation and Verification 
Verification of the computerized model was conducted to evaluate whether it was coded properly to reflect the intended simulation.30–32 Modeling errors are less likely when a special-purpose simulation language like NetLogo is used, compared to a general purpose higher level programming language or general purpose simulation language.32 Static testing included a structured line-by-line walkthrough of the code. Dynamic testing included the use of animation and traces to detect programing and conceptual errors. 
	Validation was conducted to determine that the model satisfactorily reproduced the system behavior well enough to produce accurate, credible results.31,32 The validation techniques that we employed included face validity, discrete-time Markov chain calibration (discussed in the Supplement section S2), sensitivity analysis, and cross-validation.31,32 
Face validation took place throughout the model development process and entailed working with content experts to determine that the model logic, parameters, transmission dynamics, and results were reasonable representations of real-life hospital settings. Sensitivity analyses were conducted to evaluate the effects of variability in six key parameters: nurse and physician service time, the proportion of patients that was asymptomatically colonized and infected at admission, and C. difficile’s person-to-person and person-to-environment transfer efficiency. All nine enhanced level interventions and the no-visitor contact precautions intervention were evaluated by simulating 5,000 runs of each scenario at minimum and maximum values for these key parameter estimates. This resulted in a total of 110,000 runs for each sensitivity analysis (Figure S3). 


[bookmark: _Toc486343672]Table S6: Stability of intervention results for different sample sizes 
	n (sample size)
	 
	Baseline
	Daily cleaning
	HCW contact precautions
	HCW hand hygiene
	Patient hand hygiene
	Patient transfer
	Screening
	Terminal cleaning
	Visitor contact precautions
	Visitor hand hygiene 

	30
	HO-CDI per 10,000 PD
	5.74
(5.02, 6.46)
	3.15
(2.63, 3.67)
	5.86
(5.12, 6.6)
	4.50
(3.96, 5.04)
	5.28
(4.69, 5.87)
	5.24
(4.4, 6.09)
	4.20
(3.61, 4.78)
	5.25
(4.65, 5.85)
	5.80
(5.24, 6.36)
	5.58
(4.88, 6.28)

	
	AC per 1,000 admissions
	33.4
(32.26, 34.53)
	8.58
(7.89, 9.28)
	32.86
(31.78, 33.94)
	23.28
(22.18, 24.39)
	29.15
(28.09, 30.21)
	31.40
(30.31, 32.5)
	20.42
(19.16, 21.67)
	24.90
(23.61, 26.18)
	33.30
(32.03, 34.57)
	33.41
(32.17, 34.65)

	50
	HO-CDI per 10,000 PD
	5.72
(5.18, 6.27)
	2.91
(2.51, 3.31)
	5.79
(5.24, 6.35)
	4.44
(4.02, 4.86)
	5.30
(4.79, 5.81)
	5.29
(4.71, 5.87)
	4.17
(3.76, 4.59)
	5.03
(4.53, 5.54)
	5.51
(5.04, 5.97)
	5.61
(5.07, 6.16)

	
	AC per 1,000 admissions
	33.46
(32.52, 34.41)
	8.67
(8.16, 9.19)
	33.01
(32.12, 33.9)
	23.31
(22.43, 24.19)
	29.06
(28.19, 29.93)
	31.52
(30.57, 32.46)
	20.28
(19.33, 21.22)
	24.97
(24.00, 25.93)
	33.34
(32.34, 34.35)
	33.42
(32.49, 34.34)

	75
	HO-CDI per 10,000 PD
	5.73
(5.30, 6.15)
	2.83
(2.53, 3.14)
	5.59
(5.17, 6.01)
	4.59
(4.25, 4.94)
	5.27
(4.87, 5.67)
	5.37
(4.93, 5.80)
	4.01
(3.68, 4.34)
	4.80
(4.41, 5.19)
	5.35
(4.96, 5.73)
	5.40
(4.98, 5.81)

	
	AC per 1,000 admissions
	33.2
(32.39, 34.00)
	8.81
(8.35, 9.26)
	32.77
(32.02, 33.52)
	23.37
(22.69, 24.06)
	29.13
(28.44, 29.82)
	31.46
(30.70, 32.23)
	20.46
(19.73, 21.20)
	25.11
(24.39, 25.84)
	33.18
(32.38, 33.98)
	33.15
(32.37, 33.92)

	100
	HO-CDI per 10,000 PD
	5.83
(5.44, 6.22)
	2.85
(2.58, 3.12)
	5.58
(5.22, 5.94)
	4.56
(4.25, 4.88)
	5.30
(4.96, 5.64)
	5.51
(5.15, 5.88)
	4.11
(3.82, 4.40)
	4.88
(4.55, 5.22)
	5.44
(5.10, 5.78)
	5.47
(5.11, 5.83)

	
	AC per 1,000 admissions
	32.96
(32.29, 33.63)
	8.57
(8.18, 8.96)
	32.44
(31.8, 33.09)
	22.98
(22.39, 23.57)
	28.86
(28.28, 29.44)
	31.20
(30.55, 31.86)
	19.98
(19.31, 20.65)
	24.92
(24.28, 25.57)
	32.92
(32.24, 33.59)
	32.88
(32.22, 33.55)

	150
	HO-CDI per 10,000 PD
	5.70
(5.37, 6.03)
	2.85
(2.63, 3.08)
	5.58
(5.27, 5.9)
	4.59
(4.31, 4.87)
	5.25
(4.97, 5.53)
	5.45
(5.16, 5.74)
	4.07
(3.82, 4.32)
	4.78
(4.51, 5.05)
	5.50
(5.20, 5.79)
	5.47
(5.17, 5.77)

	
	AC per 1,000 admissions
	32.75
(32.22, 33.27)
	8.51
(8.20, 8.82)
	32.32
(31.80, 32.83)
	22.89
(22.41, 23.36)
	28.58
(28.09, 29.06)
	31.00
(30.47, 31.53)
	19.93
(19.39, 20.48)
	24.73
(24.23, 25.23)
	32.56
(32.02, 33.10)
	32.62
(32.09, 33.15)

	200
	HO-CDI per 10,000 PD
	5.62
(5.35, 5.89)
	2.85
(2.66, 3.04)
	5.56
(5.30, 5.83)
	4.57
(4.33, 4.81)
	5.14
(4.91, 5.38)
	5.42
(5.18, 5.66)
	4.09
(3.88, 4.3)
	4.82
(4.58, 5.05)
	5.47
(5.22, 5.72)
	5.60
(5.34, 5.86)

	
	AC per 1,000 admissions
	32.58
(32.10, 33.06)
	8.41
(8.15, 8.68)
	32.17
(31.7, 32.64)
	22.65
(22.24, 23.06)
	28.32
(27.88, 28.77)
	30.83
(30.35, 31.32)
	19.77
(19.3, 20.24)
	24.51
(24.07, 24.94)
	32.46
(31.97, 32.94)
	32.47
(31.99, 32.95)

	300
	HO-CDI per 10,000 PD
	5.58
(5.36, 5.80)
	2.85
(2.69, 3.00)
	5.5
(5.29, 5.71)
	4.54
(4.35, 4.74)
	5.14
(4.95, 5.33)
	5.36
(5.17, 5.56)
	4.03
(3.86, 4.21)
	4.85
(4.65, 5.04)
	5.51
(5.30, 5.73)
	5.58
(5.36, 5.80)

	
	AC per 1,000 admissions
	32.87
(32.46, 33.29)
	8.61
(8.39, 8.83)
	32.46
(32.05, 32.87)
	22.86
(22.52, 23.20)
	28.54
(28.16, 28.92)
	31.04
(30.63, 31.46)
	20.04
(19.66, 20.43)
	24.78
(24.41, 25.15)
	32.72
(32.30, 33.13)
	32.74
(32.33, 33.15)

	500
	HO-CDI per 10,000 PD
	5.47
(5.30, 5.63)
	2.78
(2.66, 2.90)
	5.43
(5.27, 5.59)
	4.45
(4.3, 4.6)
	5.06
(4.91, 5.21)
	5.30
(5.14, 5.45)
	3.98
(3.84, 4.12)
	4.78
(4.63, 4.94)
	5.35
(5.19, 5.52)
	5.44
(5.27, 5.61)

	
	AC per 1,000 admissions
	32.69
(32.36, 33.01)
	8.61
(8.44, 8.77)
	32.35
(32.02, 32.67)
	22.79
(22.53, 23.06)
	28.49
(28.19, 28.79)
	30.85
(30.54, 31.17)
	20.01
(19.72, 20.31)
	24.73
(24.44, 25.02)
	32.61
(32.29, 32.93)
	32.55
(32.23, 32.86)

	750
	HO-CDI per 10,000 PD
	5.47
(5.34, 5.61)
	2.82
(2.72, 2.92)
	5.44
(5.30, 5.57)
	4.45
(4.32, 4.57)
	5.02
(4.90, 5.15)
	5.30
(5.17, 5.43)
	3.93
(3.82, 4.04)
	4.80
(4.67, 4.92)
	5.44
(5.30, 5.58)
	5.46
(5.33, 5.60)

	
	AC per 1,000 admissions
	32.75
(32.49, 33.01)
	8.65
(8.52, 8.79)
	32.43
(32.17, 32.69)
	22.88
(22.67, 23.1)
	28.60
(28.36, 28.84)
	30.96
(30.70, 31.21)
	20.07
(19.83, 20.31)
	24.86
(24.63, 25.10)
	32.72
(32.46, 32.98)
	32.68
(32.42, 32.94)

	1000
	HO-CDI per 10,000 PD
	5.47
(5.35, 5.58)
	2.85
(2.76, 2.93)
	5.43
(5.32, 5.54)
	4.51
(4.40, 4.61)
	5.02
(4.91, 5.13)
	5.35
(5.23, 5.46)
	3.95
(3.85, 4.05)
	4.80
(4.69, 4.91)
	5.45
(5.33, 5.56)
	5.47
(5.35, 5.58)

	
	AC per 1,000 admissions
	32.81
(32.59, 33.03)
	8.64
(8.53, 8.75)
	32.52
(32.3, 32.75)
	22.91
(22.73, 23.10)
	28.62
(28.41, 28.82)
	30.96
(30.74, 31.18)
	20.15
(19.94, 20.36)
	24.90
(24.69, 25.10)
	32.80
(32.57, 33.02)
	32.74
(32.52, 32.96)

	1500
	HO-CDI per 10,000 PD
	5.51
(5.42, 5.61)
	2.84
(2.77, 2.91)
	5.46
(5.37, 5.55)
	4.54
(4.45, 4.62)
	5.03
(4.94, 5.12)
	5.36
(5.27, 5.45)
	3.98
(3.9, 4.06)
	4.84
(4.75, 4.93)
	5.47
(5.38, 5.57)
	5.52
(5.43, 5.62)

	
	AC per 1,000 admissions
	32.73
(32.55, 32.91)
	8.60
(8.50, 8.69)
	32.48
(32.30, 32.66)
	22.85
(22.70, 23.00)
	28.56
(28.39, 28.73)
	30.91
(30.73, 31.09)
	20.11
(19.94, 20.28)
	24.84
(24.67, 25.01)
	32.74
(32.56, 32.92)
	32.70
(32.52, 32.88)

	2000
	HO-CDI per 10,000 PD
	5.49
(5.41, 5.58)
	2.82
(2.76, 2.88)
	5.44
(5.36, 5.53)
	4.52
(4.44, 4.59)
	5.02
(4.94, 5.10)
	5.38
(5.30, 5.46)
	3.95
(3.88, 4.02)
	4.84
(4.77, 4.92)
	5.47
(5.39, 5.55)
	5.50
(5.41, 5.58)

	
	AC per 1,000 admissions
	32.73
(32.57, 32.88)
	8.60
(8.53, 8.68)
	32.44
(32.28, 32.60)
	22.86
(22.73, 22.99)
	28.55
(28.41, 28.69)
	30.93
(30.77, 31.08)
	20.09
(19.95, 20.24)
	24.85
(24.70, 24.99)
	32.77
(32.61, 32.92)
	32.70
(32.55, 32.86)

	2500
	HO-CDI per 10,000 PD
	5.50
(5.42, 5.57)
	2.83
(2.78, 2.89)
	5.44
(5.36, 5.51)
	4.51
(4.44, 4.57)
	5.02
(4.95, 5.09)
	5.37
(5.30, 5.44)
	3.97
(3.90, 4.03)
	4.83
(4.76, 4.90)
	5.49
(5.41, 5.56)
	5.50
(5.43, 5.58)

	
	AC per 1,000 admissions
	32.71
(32.57, 32.85)
	8.62
(8.55, 8.69)
	32.42
(32.28, 32.56)
	22.84
(22.73, 22.96)
	28.55
(28.42, 28.68)
	30.90
(30.76, 31.04)
	20.10
(19.97, 20.24)
	24.83
(24.70, 24.96)
	32.77
(32.63, 32.91)
	32.70
(32.56, 32.84)

	3000
	HO-CDI per 10,000 PD
	5.48
(5.41, 5.55)
	2.83
(2.78, 2.88)
	5.42
(5.35, 5.49)
	4.51
(4.45, 4.57)
	5.02
(4.96, 5.08)
	5.36
(5.30, 5.43)
	3.94
(3.88, 3.99)
	4.83
(4.77, 4.90)
	5.49
(5.42, 5.56)
	5.50
(5.44, 5.57)

	
	AC per 1,000 admissions
	32.72
(32.59, 32.85)
	8.64
(8.57, 8.70)
	32.43
(32.30, 32.56)
	22.84
(22.73, 22.95)
	28.56
(28.44, 28.68)
	30.89
(30.76, 31.02)
	20.09
(19.97, 20.21)
	24.83
(24.71, 24.95)
	32.77
(32.64, 32.89)
	32.71
(32.58, 32.84)

	4000
	HO-CDI per 10,000 PD
	5.50
(5.45, 5.56)
	2.83
(2.79, 2.88)
	5.42
(5.37, 5.48)
	4.49
(4.43, 4.54)
	5.05
(4.99, 5.10)
	5.37
(5.31, 5.43)
	3.95
(3.90
4.00)
	4.84
(4.79, 4.90)
	5.50
(5.44, 5.56)
	5.53
(5.47, 5.59)

	
	AC per 1,000 admissions
	32.76
(32.65, 32.88)
	8.66
(8.60, 8.71)
	32.46
(32.34, 32.57)
	22.84
(22.75, 22.94)
	28.57
(28.46, 28.67)
	30.92
(30.81, 31.03)
	20.09
(19.99, 20.20)
	24.84
(24.73, 24.94)
	32.78
(32.67, 32.90)
	32.73
(32.61, 32.84)

	5000
	HO-CDI per 10,000 PD
	5.50
(5.45, 5.56)
	2.83
(2.80, 2.87)
	5.43
(5.38, 5.48)
	4.46
(4.41, 4.51)
	5.04
(4.99, 5.09)
	5.35
(5.30, 5.40)
	3.93
(3.89, 3.98)
	4.84
(4.79, 4.89)
	5.50
(5.45, 5.55)
	5.52
(5.46, 5.57)

	
	AC per 1,000 admissions
	32.73
(32.63, 32.83)
	8.65
(8.59, 8.70)
	32.40
(32.30, 32.50)
	22.81
(22.73, 22.89)
	28.54
(28.45, 28.63)
	30.88
(30.78, 30.98)
	20.09
(20.00, 20.19)
	24.81
(24.72, 24.90)
	32.74
(32.64, 32.84)
	32.68
(32.59, 32.78)



AC: Asymptomatic colonization, HO-CDI: Hospital onset C. difficile infection, HCW: Healthcare worker
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[bookmark: _Toc486343593]Figure S3: Sensitivity analyses for six key parameters in the pediatric agent-based model of C. difficile transmission  
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We evaluate the comparative intervention effectiveness for six key parameters: A and B) the proportion infected and colonized at admission: 0.27% infected and 6% colonized (left) and 0.31% infected and 13% colonized (right); C and D) nursing service time: 3 minutes (left) and 7 minutes (right); E and F) doctor service time: 4 minutes (left) and 14 minutes (right); G and H) C. difficile spore transfer efficiency environment:person: 29% (left) and 59% (right); I) and J) C. difficile spore transfer efficiency person:person: 15% (left) and 45% (right). 
[bookmark: _Toc486343665]The proportion of patients asymptomatically colonized and infected at admission are both dependent upon the prevalence of C. difficile in a hospital’s surrounding community and the community’s level of interaction with the healthcare system. Thus, we assumed that asymptomatic colonization and infection rates at admission are correlated and we varied these two parameters simultaneously. The parameters for the proportion of patients colonized, infected, and susceptible at admission sum to one for all model runs. Therefore, varying the parameter estimates for colonization and infection at admission also inherently changed the parameter estimate for the proportion of susceptible patients at admission (Figure S3). 
	Studies evaluating C. difficile interventions in the pediatric context are extremely limited.33 Cross-validation was conducted using the results from the only two relevant intervention bundles described in the literature (See Supplement section S8).34,35 Additional pediatric C. difficile intervention studies in the literature have focused on antibiotic stewardship,36 probiotic use,37–39 and workflow changes to reduce symptomatic testing.40–42
S8. Cross validation
	The study by Ramphal, et al. found a 22% reduction in CDI, compared to 49% in our model (Table S7).34 There are two main factors that may have contributed to our overestimation. First, the pre-intervention rate of 2.7 HO-CDI per 10,000 patient days in the study hospital was much lower than the average hospital rate that we modeled (5.50 HO-CDI per 10,000 patient days). Interventions have non-linear effects, such that it is easier to reduce HO-CDI from 20.0 to 15.0 cases per 10,000 patient days, than from 8.0 to 3.0. It is likely that the reported reduction would be larger if the intervention had been conducted in a patient population and context more similar to our simulation. Second, the timing of pre- and post-intervention data were not provided. It is unclear if they were the maximum, minimum, or average rates over the study period, which complicates comparison with our simulated data. 
	Flesch, et al. reported the same study twice, both times in abstract form only.35,43 Given the abstracts’ inherent lack of intervention descriptions, it was not surprising that this study was underestimated by our model. They found a 79% reduction, compared to 58% predicted (Table S7). The authors state that healthcare worker hand hygiene was implemented with other interventions, however, these are not described in detail. Bleach terminal cleaning and an education campaign were implemented prior to the hand hygiene intervention, but it is unclear if the 16.8 cases per 10,000 patient days baseline comparison rate reported in the second abstract refers to a period before any intervention was implemented or just prior to healthcare worker hand hygiene.43 If their reduction includes the effects of implementation of all interventions, then it is not surprising that our single-intervention healthcare worker hand hygiene simulation underestimates the reported effect. Furthermore, the study took place on a BMT unit, with a much higher baseline rate of HO-CDI in that population. We may have had a more similar reduction in HO-CDI, had the study taken place in the hospital-wide setting that we modeled. 


Table S7: Studies for cross-validation testing of the pediatrics agent-based model
	[bookmark: _Toc486343666]Study
	Population
	Intervention (Bundle)
	 Study HO-CDI rate per 10,000 patient days
	Simulated HO-CDI rate per 10,000 patient days

	
	
	
	Baseline
	Intervention
	Reduct-ion
	Baseline
	Interven-tion
	Reduct-ion

	Ramphal34
	Cook Children’s Hospital, Fort Worth, Texas; 2012-2013
	Daily and terminal cleaning
	2.7 
	2.1; Concurrent nursing education intervention 
	22%
	5.50 (5.45, 5.56)
	2.80 (2.77, 2.84)
	49%

	Flesch43
	24-bed BMT unit; Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio; 2009 - 2010 
	Healthcare worker hand hygiene
	16.8; Non-sporicidal daily cleaning in all rooms 
	3.5; Non-sporicidal daily cleaning and healthcare worker soap and water HH in all rooms 

	79%
	6.33 (6.27, 6.39)
	2.66 (2.63, 2.70)
	58%


BMT: Bone marrow transplant
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