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Are Hand Hygiene Rates a Predictor of Clostridium Difficile Infection Rates in a Large Urban Southern Ontario Hospital?
Problem Definition and Scope
Every year, 8000 to 12000 Canadians die from health care-associated infections acquired as hospital in-patients (Provincial Hand Hygiene Working Group of British Columbia, 2014; DiDiodato, 2013). In 2007, the Ontario government developed and implemented the “Just Clean Your Hands” best practice patient safety initiative (Queen’s Printer for Ontario, 2008). There are ongoing efforts to determine if any association exists between changes in rates of health care worker hand hygiene compliance and rates of hospital-acquired infections. For example, The Ministry of Health and Long-Term Care requires that Ontario hospitals publically report their hand hygiene compliance rates, along with hospital-acquired infection rates annually (World Health Organization, n. d.). 
Our group posed the following clinical question to be answered by data: Are hand hygiene (HH) rates a predictor of Clostridium Difficile Infection (CDI) rates in a large urban southern Ontario hospital? Two of three group members recently completed a Master’s course in Health Care Finance and were interested in utilizing newly acquired competencies in Excel functionality. Group members had access to private data from a large urban hospital and worked with epidemiologists regarding proper statistical analysis techniques to answer the question posed. 
Data Set and Source
In order to answer any clinical question utilizing data, it is important to ensure that the dataset comes from a reputable source. It is equally important to understand the dataset to ensure that it is appropriate to answer the question posed.  In our clinical scenario, it is customary for the 

specimen collection date to be used as the onset date for a case of CDI. A specimen is collected when a patient becomes symptomatic.  The exposure to Clostridium Difficile and acquisition may 
have been weeks or months prior, but the patient is only experiencing symptoms now as a result of antibiotic use killing off good bacteria in the intestinal tract resulting in CDI symptoms.  The incubation period for CDI is undefined but hospitals must consider them hospital acquired if they present with symptoms 72 hours following admission (Public Health Ontario [PHO], 2013).  
We utilized two data sets to conduct our analysis (Appendix A). The publicly reported data that we accessed was from Health Quality Ontario (HQO).  In 2010, the Excellent Care for All Act mandated HQO, an arms length agency of the Ontario government, report to the public on many indicators including the quality of the health care system (HQO, 2016). Hospitals are required to report their CDI case counts and rates per 1,000 patient days on a monthly basis.
Secondly, we were able to access the average HH practice by month for nurses working in a large urban hospital in southern Ontario.  HH is recommended at four points during care: before initial patient care; before aseptic procedure; after contact with body fluid; and after patient contact (Queen’s Printer for Ontario, 2008). The data we obtained was a combination of HH practices at all of these points in time. The data is collected monthly at the hospital by using audit tools, but only publically reported annually to HQO as an aggregate of all health care workers.
Structure and Statistical Analysis of the Data
	In order to compare the data between the two different data sources it was plotted and graphed into four calendar years from 2012 to 2015. The data used is continuous numerical data. All CDI rates per 1,000 patient days are greater than or equal to zero. HH rates are reported as a percentage and can be anywhere between zero and one hundred percent. 	
	
To assess the strength of the association between HH and CDI, we used the Spearman rank correlation coefficient. Spearman is an appropriate nonparametric measure as it is less 
sensitive to outliers and can be used for data with small sample sizes. To assess if there was a linear relationship between HH and CDI, linear regression was used. 
Results
	The Spearman correlation coefficient for all years (2012 to 2015) indicated a very weak association between HH and CDI rates. P-values ranged from 0.41 to 0.96 for the years examined, indicating that there was not a statistically significant association between HH and CDI rates. The slopes of the trend lines were not steep and the values were not plotted on the trend line, which would indicate statistical significance. The trend lines varied in direction between years showing there is not a strong relationship between the two factors. 
Evaluation of the Data Set’s Usefulness
The observational method captures less than one to three percent of all HH practices occurring in health care settings, which raises the question of the statistical validity of compliance rates generated (Pyrek, 2012). There is also potential selection, observer and observation bias (PHO, 2014).  Health care worker HH can be limited by the Hawthorne effect, or the phenomenon of people changing their behaviour when they know they are being observed (Punke, 2015; PHO, 2014).    
Additional data is required to determine the fluctuation in CDI rates at the hospital.  This data may include antibiotic use, environmental cleaning practices, appropriate use of antimicrobial agents, and the HH practices of all staff, volunteers and other caregivers (Chen et al., 2011).
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		Data: Trillium Health Partners - Credit Valley Site - Hand Hygiene
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2012 P Value

		SUMMARY OUTPUT



		Regression Statistics

		Multiple R		0.0448721765

		R Square		0.0020135122

		Adjusted R Square		-0.0977851365

		Standard Error		0.2252723083

		Observations		12

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.001023871		0.001023871		0.0201757464		0.8898683045

		Residual		10		0.507476129		0.0507476129

		Total		11		0.5085



				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-0.2602580645		5.1767746584		-0.050274173		0.9608939158		-11.794830809		11.2743146799		-11.794830809		11.2743146799

		X Variable 1		0.0089032258		0.0626805189		0.1420413545		0.8898683045		-0.1307576736		0.1485641252		-0.1307576736		0.1485641252





2013 P Value

		SUMMARY OUTPUT



		Regression Statistics

		Multiple R		0.1642696402

		R Square		0.0269845147

		Adjusted R Square		-0.0703170338

		Standard Error		0.2168245025

		Observations		12

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.013038018		0.013038018		0.2773287281		0.6099388754

		Residual		10		0.4701286486		0.0470128649

		Total		11		0.4831666667



				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		1.8233513514		2.453581235		0.7431387742		0.4744942864		-3.6435683249		7.2902710276		-3.6435683249		7.2902710276

		X Variable 1		-0.0145405405		0.0276110627		-0.5266200985		0.6099388754		-0.076061822		0.0469807409		-0.076061822		0.0469807409





2014 P Value

		SUMMARY OUTPUT



		Regression Statistics

		Multiple R		0.2588413726

		R Square		0.0669988562

		Adjusted R Square		-0.0263012582

		Standard Error		0.1434209372

		Observations		12

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0147710145		0.0147710145		0.7181004721		0.4165880571

		Residual		10		0.2056956522		0.0205695652

		Total		11		0.2204666667



				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		-1.7460869565		2.5407351214		-0.687236911		0.5075579326		-7.4071975931		3.9150236801		-7.4071975931		3.9150236801

		X Variable 1		0.0243478261		0.0287321143		0.8474080906		0.4165880571		-0.039671314		0.0883669662		-0.039671314		0.0883669662





2015 P Value

		SUMMARY OUTPUT



		Regression Statistics

		Multiple R		0.1578524771

		R Square		0.0249174045

		Adjusted R Square		-0.0834251061

		Standard Error		0.2206784393

		Observations		11

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		0.0112001468		0.0112001468		0.2299873281		0.6429722182

		Residual		9		0.4382907623		0.0486989736

		Total		10		0.4494909091



				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		1.1962338501		1.5555760229		0.7689973569		0.4615977231		-2.3227235924		4.7151912927		-2.3227235924		4.7151912927

		X Variable 1		-0.0089211886		0.0186024767		-0.4795699408		0.6429722182		-0.0510029145		0.0331605372		-0.0510029145		0.0331605372





Spearman's Rank

						CDI rate		HH %		Rank CDI		Rank HH		Difference		Difference^2

		2012 Data		Jan-12		0.3		81		2.5		1.5		1		1

				Feb-12		0.32		84		4		11		-7		49

				Mar-12		0.3		82		2.5		4.5		-2		4

				Apr-12		0.5		84		8		11		-3		9						Spearman's calculations

				May-12		0.42		83		7		8		-1		1						6 * 232		1392				1-(1392/1716)		0.1888111888

				Jun-12		0.76		83		11		8		3		9				n(N^2-1)		12*(12^2-1)		1716

				Jul-12		0.34		82		6		4.5		1.5		2.25												Spearman's correlation coefficient = 0.18881119

				Aug-12		0.33		84		5		11		-6		36

				Sep-12		0.91		83		12		8		4		16

				Oct-12		0.63		82		9		4.5		4.5		20.25				Spearman's correlation coefficient		0.18881119		No linear correlation

				Nov-12		0.65		81		10		1.5		8.5		72.25

				Dec-12		0.24		82		1		4.5		-3.5		12.25

														0		232



										Rank CDI		Rank HH		Difference		Difference^2

		2013 Data		Jan-13		0.44		85		4		1		3		9

				Feb-13		0.57		87		7.5		3		4.5		20.25						Spearman's calculations

				Mar-13		0.57		89		7.5		7		0.5		0.25						6 * 312		1872				1-(1872/1716)		-0.0909090909

				Apr-13		1		88		12		4.5		7.5		56.25				n(N^2-1)		12*(12^2-1)		1716

				May-13		0.64		89		10		7		3		9												Spearman's correlation coefficient = -0.0909091

				Jun-13		0.74		89		11		7		4		16

				Jul-13		0.47		88		6		4.5		1.5		2.25

				Aug-13		0.32		86		2.5		2		0.5		0.25

				Sep-13		0.32		94		2.5		12		-9.5		90.25				Spearman's correlation coefficient		-0.0909091		No linear correlation

				Oct-13		0.46		91		5		11		-6		36

				Nov-13		0.23		90		1		9.5		-8.5		72.25

				Dec-13		0.62		90		9		9.5		-0.5		0.25

														0		312



										Rank CDI		Rank HH		Difference		Difference^2

		2014 Data		Jan-14		0.48		89		8		8		0		0						Spearman's calculations

				Feb-14		0.39		87		7		3		4		16						6 * 229.5		1377				1-(1377/1716)		0.1975524476

				Mar-14		0.29		89		2.5		8		-5.5		30.25				n(N^2-1)		12*(12^2-1)		1716

				Apr-14		0.29		91		2.5		12		-9.5		90.25												Spearman's correlation coefficient = 0.19755245

				May-14		0.51		90		9		10.5		-1.5		2.25

				Jun-14		0.31		88		6		5.5		0.5		0.25

				Jul-14		0.63		87		12		3		9		81

				Aug-14		0.58		90		10.5		10.5		0		0				Spearman's correlation coefficient		0.19755245		No linear correlation

				Sep-14		0.58		89		10.5		8		2.5		6.25

				Oct-14		0.3		88		4.5		5.5		-1		1

				Nov-14		0.22		86		1		1		0		0

				Dec-14		0.3		87		4.5		3		1.5		2.25

														0		229.5



										Rank CDI		Rank HH		Difference		Difference^2

		2015 Data		Jan-15		0.34		92		3		11		-8		64						Spearman's calculations

				Feb-15		0.39		84		6		6		0		0						6 * 180		1080				1-(1080/1320)		0.1818181818

				Mar-15		0.44		85		7		8		-1		1				n(N^2-1)		11*(11^2-1)		1320

				Apr-15		0.47		82		9		5		4		16												Spearman's correlation coefficient = 0.18181818

				May-15		0.37		79		5		1.5		3.5		12.25

				Jun-15		1.06		81		11		3.5		7.5		56.25

				Jul-15		0.32		79		2		1.5		0.5		0.25

				Aug-15		0.48		85		10		8		2		4				Spearman's correlation coefficient		0.18181818		No linear correlation

				Sep-15		0.45		86		8		10		-2		4

				Oct-15		0.36		85		4		8		-4		16

				Nov-15		0.28		81		1		3.5		-2.5		6.25

														0		180





2012 Scatter Plot

81.0	84.0	82.0	84.0	83.0	83.0	82.0	84.0	83.0	82.0	81.0	82.0	0.3	0.32	0.3	0.5	0.42	0.76	0.34	0.33	0.91	0.63	0.65	0.24	





2013 Scatter Plot

85.0	87.0	89.0	88.0	89.0	89.0	88.0	86.0	94.0	91.0	90.0	90.0	0.44	0.57	0.57	1.0	0.64	0.74	0.47	0.32	0.32	0.46	0.23	0.62	





2014 Scatter Plot

89.0	87.0	89.0	91.0	90.0	88.0	87.0	90.0	89.0	88.0	86.0	87.0	0.48	0.39	0.29	0.29	0.51	0.31	0.63	0.58	0.58	0.3	0.22	0.3	





2015 Scatter Plot

92.0	84.0	85.0	82.0	79.0	81.0	79.0	85.0	86.0	85.0	81.0	0.34	0.39	0.44	0.47	0.37	1.06	0.32	0.48	0.45	0.36	0.28	








