Appendix 1. Derivation of optimized values for probabilities of an infection per patient day (MRSA, CDIFF) or per device day (CLABSI, CAUTI) (pi) and probabilities of detecting an infection when it occurs (pd). 

For each HAI type (CLABSI, CAUTI, MRSA, CDIFF) in each yearly quarter, we derived optimized values for pi and z using 5000 iterative searches of parameter space. In each iteration, a combination of pi and z was chosen at random and used in 100 independent rounds of binomial sampling. In each round, random numbers of cases for each hospital were generated using pi ⋅ pd as the binomial probability (p) of reporting an HAI per day. We compared these random outcomes to actual numbers of cases via k-sample Anderson-Darling tests with a mid-rank correction for ties. We then calculated the average p-value across the 100 rounds of random sampling, for each of the 5000 iterations. We then chose the combination pi and z that resulted in the least average significant difference (largest average p-value from k-sample Anderson-Darling tests) as our optimized values.



Supplemental Table 1. Optimized probabilities (pi) of HAIs per device day (CAUTI, CLABSI) or per patient day (MRSA, CDIFF). Probabilities reported for the current study are averaged across yearly quarters from 2014 to 2020. Most prior studies report rates of HAIs (e.g., infections per 1000, 10000, or 100000 days). We converted rates to frequency-based probabilities (infections per day). References can be found in the associated manuscript.

	HAI
	Current study,
mean [SD]
	Range reported in prior studies
	References

	CAUTI
	0.0025 [0.0013]
	0.0015 - 0.0079
	19 – 22

	CLABSI
	0.0011 [0.0002]
	0.0002 – 0.0028
	19, 20, 23, 24

	MRSA
	0.0001 [0.0001]
	0.000029 - 0.001169
	25 – 28

	CDIFF
	0.0008 [0.0001]
	0.00011 – 0.00085
	25, 29 – 31








Supplemental Table 2. Optimized probabilities (pd) of detecting HAIs per device day (CAUTI, CLABSI) or per patient day (MRSA, CDIFF). Values are averaged across yearly quarters from 2014 to 2020.
	HAI
	pd, average median [SD]
	min pd, mean [SD]
	max pd, mean [SD]

	CAUTI
	0.4067 [0.0943]
	0.0667 [0.0311]
	0.9135 [0.0275]

	CLABSI
	0.6455 [0.0715]
	0.2325 [0.0672]
	0.9751 [0.0066]

	MRSA
	0.4371 [0.0525]
	0.1387 [0.0452]
	0.9001 [0.0210]

	CDIFF
	0.6391 [0.0767]
	0.1006 [0.0362]
	0.9752 [0.0084]


 



Supplemental Table 3. For hospitals with SIRs of 0: Average [SD] change in performance rankings when switching from the SIR (biased by random effects of volume) to the SIS (accounts for random expectations). Negative values indicate a drop (worsening) in ranking. Values are averaged across yearly quarters from 2014 to 2020.
	HAI
	Average [SD] change in rank

	CAUTI
	-341.2 [313.4]

	CLABSI
	-273.1 [183.6]

	MRSA
	-238.4 [168.9]

	CDIFF
	-381.2 [281.5]


 


Supplemental Figure 1. Observed HAI cases versus those expected at random, using the April 2020 CMS HAI file. Coefficients of determination (r2) are based on the 1:1 line (black diagonal) and were calculated on square root values. Values of  are the average r2 across quarters. Heat maps show the density of data; darker shades correspond to higher density.
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Supplemental Figure 2. Distributions of the SIS and SIR for catheter associated urinary tract  infections (CAUTI). Each distribution is divided into 1) hospitals with less cases than predicted from risk-adjusted models and less cases than expected at random, 2) hospitals with more cases than predicted from risk-adjusted models or than expected at random. Analyses based on the April 2020 CMS HAI file.
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Supplemental Figure 3. Distributions of the SIS and SIR for central line associated bloodstream  infections (CLABSI). Each distribution is divided into 1) hospitals with less cases than predicted from risk-adjusted models and less cases than expected at random, 2) hospitals with more cases than predicted from risk-adjusted models or than expected at random. Analyses based on the April 2020 CMS HAI file.
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Supplemental Figure 4. Distributions of the SIS and SIR for methicillin resistant Staphylococcus aureus infections (MRSA). Each distribution is divided into 1) hospitals with less cases than predicted from risk-adjusted models and less cases than expected at random, 2) hospitals with more cases than predicted from risk-adjusted models or than expected at random. Analyses based on the April 2020 CMS HAI file.
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Supplemental Figure 5. Winsorized z-scores for SIR and SIS for catheter associated urinary tract infections (CAUTI). Analyses based on the April 2020 CMS HAI file. Black circles represent hospitals having numbers of infections equal to or greater than expected at random or than predicted via models of the National Healthcare Safety Network (NHSN). Gray circles represent hospitals that with less infections than expected at random and than predicted via models of the National Healthcare Safety Network (NHSN).
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Supplemental Figure 6. Winsorized z-scores for SIR and SIS for central line associated bloodstream infections (CLABSI). Analyses based on the April 2020 CMS HAI file. Black circles represent hospitals having numbers of infections equal to or greater than expected at random or than predicted via models of the National Healthcare Safety Network (NHSN). Gray circles represent hospitals that with less infections than expected at random and than predicted via models of the National Healthcare Safety Network (NHSN).
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Supplemental Figure 7. Winsorized z-scores for SIR and SIS for methicillin resistant Staphylococcus aureus infections (MRSA). Analyses based on the April 2020 CMS HAI file. Black circles represent hospitals having numbers of infections equal to or greater than expected at random or than predicted via models of the National Healthcare Safety Network (NHSN). Gray circles represent hospitals that with less infections than expected at random and than predicted via models of the National Healthcare Safety Network (NHSN).
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Supplemental Figure 8. Winsorized z-scores for SIR and SIS for Clostridioides difficile infections (CDIFF). Analyses based on the April 2020 CMS HAI file. Black circles represent hospitals having numbers of infections equal to or greater than expected at random or than predicted via models of the National Healthcare Safety Network (NHSN). Gray circles represent hospitals that with less infections than expected at random and than predicted via models of the National Healthcare Safety Network (NHSN).
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Supplemental Figure 9. Comparison of ranked scores for the SIR and SIS versus volume for catheter associated urinary tract infections (CAUTI). A) Rank in the SIS vs. volume. B) Rank in the SIR vs. volume. In A and B, ranks of 1 represent the top-ranked score. C) Changes in rank that occur when using the SIS instead of the SIR. In each subplot, hospitals that had SIRs of 0 are plotted as black points. Analyses based on the April 2020 CMS HAI file.

[image: ]


Supplemental Figure 10. Comparison of ranked scores for the SIR and SIS versus volume for central line associated bloodstream infections (CLABSI). A) Rank in the SIS vs. volume. B) Rank in the SIR vs. volume. In A and B, ranks of 1 represent the top-ranked score. C) Changes in rank that occur when using the SIS instead of the SIR. In each subplot, hospitals that had SIRs of 0 are plotted as black points. Analyses based on the April 2020 CMS HAI file.

[image: ]


Supplemental Figure 11. Comparison of ranked scores for the SIR and SIS versus volume for methicillin-resistant Staphylococcus aureus infections (MRSA). A) Rank in the SIS vs. volume. B) Rank in the SIR vs. volume. In A and B, ranks of 1 represent the top-ranked score. C) Changes in rank that occur when using the SIS instead of the SIR. In each subplot, hospitals that had SIRs of 0 are plotted as black points. Analyses based on the April 2020 CMS HAI file.
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