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Our Mission and Vision

Our Mission

To inspire and guide Engineered Infection Prevention (EIP).

Our Vision

Safe spaces, free from pathogens.



Engineered Infection Prevention (EIP)

Materials, technology & automation 

designed to 

reduce exposure to pathogens 

Product of Canada



“Biologically Clean”

Up to 100X cleaner than today



Biologically Clean Surfaces

EIP
(< 0.5  CFU / cm2)

X



Biologically Clean Air

XX
< 5 CFU/m3  



(< 5 CFU / m3)

50 CFU/m3  500 CFU/m3  

EIP



New Hospital Builds

1. Engineered Infection Prevention (EIP) experts on the design team

2. Design hospital around infection control from the start 

3. Follow Precautionary Principle

4. Use latest EIP technology 

5. Informative UV Annex

6. Mandatory Cost – Benefit analysis of EIP 

(CSA Z8000:24 )



Existing Hospitals

1. Engineered Infection Prevention (EIP) experts on the IPAC MDT

2. Compare EIP to traditional cleaning & disinfection 

3. Follow Precautionary Principle

4. Use latest EIP technology 

5. Informative UV Annex

6. Mandatory Cost – Benefit analysis of EIP

(CSA Z317.12:25 )



Engineered Infection Prevention (EIP)

Self-cleaning SinksSelf-disinfecting Surfaces

Self-disinfecting RoomsUpper Air GUV

Made in Canada

Made in Canada Made in Canada

Made in Canada



Daily Energy, GHG, Solid Waste, $

1. ALOS = 1 week

2. ALOS w HAI = 2 weeks

3. ALOS w MDRO HAI = 3 weeks

↑CFU = ↑ HAIs = ↑ ALOS 



Universal Air Protection Rooms

1. 6+ ACH

2. Choose at least one of: 
Overhead extraction

Displacement ventilation

Upper Air UV

FarUV



Update



Short Circuiting

1. Air Diffuser is only 24” from Exhaust Vent

2. Exhaust vent is on opposite side of room, 

away from patient

3. Particle / CO2 “Lock-up”



Universal Airborne Protection
In-Duct UV

3 ACH   6 hours  Hallways, Common areas

6 ACH   4 hours  Patient Room

12 ACH   2 hours  AIIR

20 ACH   1 hour   O.R.

CSA Z317.2

(< 5 CFU / m3)

EIP

Displacement  10 seconds  New Builds 

Extraction  10 seconds   New Builds 

Upper Air UV  10 seconds   Retrofits 

FarUV   10 seconds   Retrofits 

 



Respiratory
Aerosols Float

https://ramboll.com/covid-19-
response/airborne-covid-19-mitigation
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Displacement

1850s



Extraction

ExtractionTypical



Upper Air GUV
In-Duct UV



Minutes CFU/m3

0 2303.6

5 26.8

10 17.9

15 8.9

20 9.0

25 0

30 0

Typical CFU/m3 
In-Duct UV

A typical patient room with 6 ACH in a modern hospital, bacterial concentrations generally range from 75-500 CFU/m³. According to European Commission standards, levels 
below 50 CFU/m³ are considered "very low," 50-100 CFU/m³ is "low," 100-500 CFU/m³ is "intermediate," and 500-2000 CFU/m³ is considered "high"4. The WHO expert group 
considers bacterial loads less than 1000 CFU/m³ as acceptable. CHAIR DOES NOT.

1. Che Noraini, M. J., Hafizah, J., Nurzafirah, M., & Siti Noor Syuhada, M. A. (2016). A study of microbe air levels in selected rooms of Hospital Sultanah Nur Zahirah, Kuala 
Terengganu. Malaysian Journal of Analytical Sciences, 20(5), 1072-1079.  Found bacterial concentrations in patient rooms ranging from 75-278 CFU/m³.

Abera, B., Adane, K., Mulu, W., Yizengaw, E., Tigabu, A., & Getaneh, A. (2024). Investigating Microbial Contamination of Indoor Air, Environmental Surfaces, and Medical 
Equipment in Jimma Medical Center, Southwest Ethiopia. Journal of Environmental and Public Health, 2024, 1266052   Reported mean bacterial counts in patient wards of 
367 CFU/m³

Różańska, A., Wójkowska-Mach, J., & Bulanda, M. (2021). Patient Safety Related to Microbiological Contamination of the Environment in Operating Theaters and Other 
Hospital Areas. International Journal of Environmental Research and Public Health, 18(7), 3781.   Established that European Commission standards classify <50 CFU/m³ as 
"very low" and 100-500 CFU/m³ as "intermediate" contamination

Fekadu, S., & Getachewu, B. (2015). Microbiological Assessment of Indoor Air of Teaching Hospital Wards: A case of Jimma University Specialized Hospital. Ethiopian 
Journal of Health Sciences, 25(2), 117-122.   Found mean bacterial counts in medical wards of 215 CFU/m³ and noted WHO expert group considers <1000 CFU/m³ as 
acceptable.

Cabo Verde, S., Almeida, S. M., Matos, J., Guerreiro, D., Meneses, M., Faria, T., Botelho, D., Santos, M., & Viegas, C. (2015). Microbiological assessment of indoor air quality 
at different hospital sites. Research in Microbiology, 166(7), 557-563.   Reported bacterial concentrations in patient rooms between 101-500 CFU/m³.

(50 to 500)


CFU per m3



				Eadie E, Hiwar W, Fletcher L, Tidswell E, O’Mahoney P, Buonanno M, et al. Far-UVC (222 nm) efficiently inactivates an airborne pathogen in a room-sized chamber. Scientific Reports.  2022;12(1):4373.



				A typical patient room with 6 ACH in a modern hospital, bacterial concentrations generally range from 75-500 CFU/m³. According to European Commission standards, levels below 50 CFU/m³ are considered "very low," 50-100 CFU/m³ is "low," 100-500 CFU/m³ is "intermediate," and 500-2000 CFU/m³ is considered "high"4. The WHO expert group considers bacterial loads less than 1000 CFU/m³ as acceptable. CHAIR DOES NOT.

				1. Che Noraini, M. J., Hafizah, J., Nurzafirah, M., & Siti Noor Syuhada, M. A. (2016). A study of microbe air levels in selected rooms of Hospital Sultanah Nur Zahirah, Kuala Terengganu. Malaysian Journal of Analytical Sciences, 20(5), 1072-1079.  Found bacterial concentrations in patient rooms ranging from 75-278 CFU/m³.

				Abera, B., Adane, K., Mulu, W., Yizengaw, E., Tigabu, A., & Getaneh, A. (2024). Investigating Microbial Contamination of Indoor Air, Environmental Surfaces, and Medical Equipment in Jimma Medical Center, Southwest Ethiopia. Journal of Environmental and Public Health, 2024, 1266052   Reported mean bacterial counts in patient wards of 367 CFU/m³

				Różańska, A., Wójkowska-Mach, J., & Bulanda, M. (2021). Patient Safety Related to Microbiological Contamination of the Environment in Operating Theaters and Other Hospital Areas. International Journal of Environmental Research and Public Health, 18(7), 3781.   Established that European Commission standards classify <50 CFU/m³ as "very low" and 100-500 CFU/m³ as "intermediate" contamination

				Fekadu, S., & Getachewu, B. (2015). Microbiological Assessment of Indoor Air of Teaching Hospital Wards: A case of Jimma University Specialized Hospital. Ethiopian Journal of Health Sciences, 25(2), 117-122.   Found mean bacterial counts in medical wards of 215 CFU/m³ and noted WHO expert group considers <1000 CFU/m³ as acceptable.

				Cabo Verde, S., Almeida, S. M., Matos, J., Guerreiro, D., Meneses, M., Faria, T., Botelho, D., Santos, M., & Viegas, C. (2015). Microbiological assessment of indoor air quality at different hospital sites. Research in Microbiology, 166(7), 557-563.   Reported bacterial concentrations in patient rooms between 101-500 CFU/m³.



















Exhaled CFU



				1. Xu, C., Wei, X., Liu, L., Su, L., Liu, W., Wang, Y., & Nielsen, P. V. (2012). Molecular and Microscopic Analysis of Bacteria and Viruses in Exhaled Breath Collected Using a Simple Impaction and Condensing Method. PLoS ONE, 7(7), e41137. https://pmc.ncbi.nlm.nih.gov/articles/PMC3405091/

				Found bacterial concentrations in exhaled breath ranging from 693 to 6,293 CFU/m³ across seven human subjects.

				2. Xu, C., Wei, X., Liu, L., Su, L., Liu, W., Wang, Y., & Nielsen, P. V. (2012). Molecular and microscopic analysis of bacteria and viruses in exhaled breath collected using a simple impaction and condensing method. PLoS ONE, 7(7), e41137. https://pubmed.ncbi.nlm.nih.gov/22848436/

				Detected high bacterial concentrations up to 7,000 CFU/m³ in exhaled breath, including both viable and dead cells of various types.

				3. Adam, R. I., Bhangar, S., Pasut, W., Arens, E. A., Taylor, J. W., Bruns, T. D., Nazaroff, W. W., & Lindow, S. E. (2015). Chamber Bioaerosol Study: Outdoor Air and Human Occupants as Sources of Indoor Airborne Microbes. PLOS ONE, 10(5), e0128022. https://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0128022

				Found that a single person under seated conditions can release up to 10⁶ biological aerosol particulates per hour into the air.

				4. Che Noraini, M. J., Hafizah, J., Nurzafirah, M., & Siti Noor Syuhada, M. A. (2016). A study of microbe air levels in selected rooms of Hospital Sultanah Nur Zahirah, Kuala Terengganu. Malaysian Journal of Analytical Sciences, 20(5), 1072-1079. https://www.ukm.my/mjas/v20_n5/pdf/CheNoraini_20_5_28.pdf

				Found bacterial concentrations in hospital rooms ranging from 8 to 38 CFU/m³.

				5. Fekadu, S., & Getachewu, B. (2015). Microbiological Assessment of Indoor Air of Teaching Hospital Wards: A case of Jimma University Specialized Hospital. Ethiopian Journal of Health Sciences, 25(2), 117-122. https://bmjopenrespres.bmj.com/content/8/1/e000781

				Reported mean bacterial loads in hospital wards of 3,356.5 CFU/m³.

				6. Myers, B. A., Gurung, P., Lamtahri, M., Shumate, A., Grimes, G. J., Martinello, R. A., Mendenhall, I. H., & Eimer, B. C. (2022). Laboratory assessment of bacterial contamination of a powered air-purifying respirator, an elastomeric half-mask respirator, and a filtering facepiece respirator with and without an exhalation valve. Infection Control & Hospital Epidemiology, 43(8), 1037-1043. https://stacks.cdc.gov/view/cdc/126820/cdc_126820_DS1.pdf

				Found mean bacterial concentrations ranging from 7.8 to 11.7 CFU/m³ depending on the type of respiratory protection used.

				7. Zaatari, R., Harb, P., & Shihadeh, A. L. (2022). Airborne bacterial and PM characterization in intensive care units. Journal of Aerosol Science, 164, 106022. https://pmc.ncbi.nlm.nih.gov/articles/PMC9255450/

				Found that the total bacterial load in intensive care units ranged between 20.4 and 134.3 CFU/m³.

				8. Mirzaei, R., Shahriary, E., Qureshi, M. I., Rakhshkhorshid, A., Khammissa, A., & Bouchekrit, M. (2021). Indoor air microbial load and antibiotic susceptibility pattern of isolates in operating rooms and surgical wards of a hospital in Jimma, Ethiopia. Patient Preference and Adherence, 15, 1239-1245. https://pmc.ncbi.nlm.nih.gov/articles/PMC9262214/

				Found the highest mean bacterial load of 2957.5±669.76 CFU/m³ in the male surgical ward.

				9. Fekadu, S., & Getachewu, B. (2015). Microbiological Assessment of Indoor Air of Teaching Hospital Wards: A case of Jimma University Specialized Hospital. Ethiopian Journal of Health Sciences, 25(2), 117-122. https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2023.1194850/full

				Found the highest bacterial load in gynecology and pediatric wards at 3,224 CFU/m³.











FarUV

				FarUV

				5 Lamps @ 11W ea

				Minutes		CFU/m3

				0		2303.6

				5		26.8

				10		17.9

				15		8.9

				20		9.0

				25		0

				30		0

				35		0

				40		8.9

				45		0

				50		0



		Eadie E, Hiwar W, Fletcher L, Tidswell E, O’Mahoney P, Buonanno M, et al. Far-UVC (222 nm) efficiently inactivates an airborne pathogen in a room-sized chamber. Scientific Reports.  2022;12(1):4373.



		A typical patient room with 6 ACH in a modern hospital, bacterial concentrations generally range from 75-500 CFU/m³. According to European Commission standards, levels below 50 CFU/m³ are considered "very low," 50-100 CFU/m³ is "low," 100-500 CFU/m³ is "intermediate," and 500-2000 CFU/m³ is considered "high"4. The WHO expert group considers bacterial loads less than 1000 CFU/m³ as acceptable. CHAIR DOES NOT.



		1. Che Noraini, M. J., Hafizah, J., Nurzafirah, M., & Siti Noor Syuhada, M. A. (2016). A study of microbe air levels in selected rooms of Hospital Sultanah Nur Zahirah, Kuala Terengganu. Malaysian Journal of Analytical Sciences, 20(5), 1072-1079.  Found bacterial concentrations in patient rooms ranging from 75-278 CFU/m³.



		Abera, B., Adane, K., Mulu, W., Yizengaw, E., Tigabu, A., & Getaneh, A. (2024). Investigating Microbial Contamination of Indoor Air, Environmental Surfaces, and Medical Equipment in Jimma Medical Center, Southwest Ethiopia. Journal of Environmental and Public Health, 2024, 1266052   Reported mean bacterial counts in patient wards of 367 CFU/m³



		Różańska, A., Wójkowska-Mach, J., & Bulanda, M. (2021). Patient Safety Related to Microbiological Contamination of the Environment in Operating Theaters and Other Hospital Areas. International Journal of Environmental Research and Public Health, 18(7), 3781.   Established that European Commission standards classify <50 CFU/m³ as "very low" and 100-500 CFU/m³ as "intermediate" contamination



		Fekadu, S., & Getachewu, B. (2015). Microbiological Assessment of Indoor Air of Teaching Hospital Wards: A case of Jimma University Specialized Hospital. Ethiopian Journal of Health Sciences, 25(2), 117-122.   Found mean bacterial counts in medical wards of 215 CFU/m³ and noted WHO expert group considers <1000 CFU/m³ as acceptable.



		Cabo Verde, S., Almeida, S. M., Matos, J., Guerreiro, D., Meneses, M., Faria, T., Botelho, D., Santos, M., & Viegas, C. (2015). Microbiological assessment of indoor air quality at different hospital sites. Research in Microbiology, 166(7), 557-563.   Reported bacterial concentrations in patient rooms between 101-500 CFU/m³.



















Calculator

												%		Hours		Hourly		Labour		Hours		Device		Device Cost				COST

		# of Hospital Beds		300				300		Bathroom AutoUV		50%		8		$125		$300,000		2,400		$4,000		$1,200,000				$1,500,000

		Annual HAI %		15%				600		Self-Disinfecting Sinks		30%		8		$125		$600,000		4,800		$3,000		$1,800,000				$2,400,000

		HAI Mortality Rate		7%				300		Universal Airborne - Upper Air UV		40%		8		$125		$15,000		2,400		$5,000		$1,500,000				$1,515,000

		ALOS - no HAI		7.0				300		Push-button Patient Room Disinfection		40%		12		$125		$450,000		3,600		$10,000		$3,000,000				$3,450,000

		ALOS - with HAI		16				300		Copper Overbed Tables & BedRails		40%		2		$75		$45,000		600		$3,500		$1,050,000				$1,095,000

		Avg Treatment Cost HAI		$20,000				300		Copper Toilet Seats		5%		4		$125		$30,000		2,400		$350		$105,000				$135,000

		Environmental Contribution		80%				300		Copper Door Hardware		5%		4		$125		$15,000		1,200		$250		$75,000				$90,000

		Reclaimed Beds		40						Patient Rooms - 70% of		100%						$1,455,000		17,400				$8,730,000				$10,185,000

				Annually				30 Years

		HAIs Prevented		1,495				44,836		# In-Patients Before		15,643																Payback

		Lives Saved		93				2,804		# In-Patients After		17,743																40

		Additional In-Patients Treated		2,100				63,000																				(Days)



		Savings - HAI Treatment		$30,000,000				$900,000,000		Annual HAIs Before		2,830																ROI

		Value - Bed Availability		$63,000,000				$1,900,000,000		Annual HAIs After		1,335																275

		Total		$93,000,000				$2,800,000,000







		Capital Budget						15,643		Patients Per Year - Before

		Operating Budget ($1.7M/bed)		$510,000,000				17,743		Patients Per Year - After

								1,335

		Cost per patient per day		$3.26				$270		Treatment Savings per patient per day

		Number Patient Stays Lost to HAI		3,600				$580		Bed Availability Savings per patient per day

		Lost Availability		23%				$900		Total Savings per patient per day

		Lost Productivity Cost 		$119,000,000

								$10,200,000		EIP Cost

		Total Treatment Cost HAI		$57,000,000				0.07%		EIP - Percent of 30y Operating Cost

		Potential ALOS After		6.2

								109,500		Total Number Avail Bed Days

		Environmental HAI Reduction		66%				25,470		Number Bed Days Lost to HAI

								70		Number of Beds Lost to HAI



								18,879		Potential Annual Patient Stays







Cost Benefit



								Canada		US								Canada		US

				1		Risk Reduction Guesstimates		ü						16		Consumables Savings - Gowns

				2		ALOS		ü						17		Consumables Savings - Gloves

				3		Treatment Cost		ü						18		Consumables Savings - ABHR

				4		Bed Availability		ü						19		Consumables Savings - Chemicals

				5		Life Cycle Period		ü						20		Time Savings - Contact Precautions

				6		Cost Savings of EIP Disinfection		ü						21		Time Savings - ABHR

				7		Manual Disinfection Savings - Sinks		ü						22		Cost of Social Services due to HAI

				8		Manual Disinfection Savings - Overbed Tables		ü						23		Cost of Healthcare due to HAI

				9		Manual Disinfection Savings  - Bed Rails		ü						24		Lost Family Income due to HAI

				10		Manual Disinfection Savings - Sinks		ü						25		Additional Family Costs due to HAI

				11		Manual Disinfection Savings - Bathrooms		ü						26		Lost Productivity to Business due to HAI

				12		Manual Disinfection Savings - Patient Rooms		ü						27		Lost tax revenue to country

				13		HBAM Funding (Ontario)				N/A				28		Compounding Impact on Country P & L

				14		QALY								29		Cost of Money over Life Cycle

				15		Risk Reduction Calculations								30































				30		CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)		N/A

				31		CMS & Insurer Rule - HAI Care		N/A











AutoUV

				% of Room Decontaminated

				Manual		25%

				AutoUV		95%



				Decontamination Frequency		Per Day		Per Year

				Manual		1		365

				AutoUV		20		7,300



				Relative Decontamination Performance		Per Day		Per Year		Relative

				Manual		0.25		91		1.3%

				AutoUV		19		6,935		100%





































































































































































































































































































































































































































































Decontaminations per Day







Manual	AutoUV	1	20	





Relative Performace







Manual	AutoUV	1.3157894736842105E-2	1	







Sink



				Decontamination Frequency		Per Day		Per Year		Relative

				Manual		0.03		12		0.2%

				Auto Sink		20		7,300		100%



































































































































































































































































































































































































































































































Decontaminations per Day







Manual	Auto Sink	3.287671232876712E-2	20	





Relative Performace







Manual	Auto Sink	1.643835616438356E-3	1	







Copper



				Decontamination Frequency		Per Day		Per Year		Relative

				Manual		1		365		1.0%

				Copper		96		35,040		100%



				Average Time for 90% Reduction on Copper		15		minutes

				# 90% Reduction cycles Per 24h		96

































































































































































































































































































































































































































































































Decontaminations per Day







Manual	Copper	1	96	





Relative Performace







Manual	Copper	1.0416666666666666E-2	1	







Assumptions

				Effectiveness		Source

		Manual Disinfection - Daily Clean		25%		Carling, AJIC, 2013

		Manual Disinfection - Terminal Clean		32%		Carling, AJIC, 2014

		AutoUV Disinfection - Bathroom		97%		Cooper, AJIC 2016

		AutoUV Disinfection - Patient Room		97%		estimate

		AutoUV Disinfection - Utility Room		97%		estimate

		AutoUV Disinfection - Equipment Room		97%		estimate

		Mobile UV  Disinfection - Patient Room		97%		estimate

		Self Sanitizing Surfaces (e.g. Copper)		97%		Salgado, ICHE 2013





								 







*SARS-CoV-2
In-Duct UV99% Inactivation

UV222: Approximately 1.2-1.7 mJ/cm²

1. Buonanno M, Welch D, Shuryak I, Brenner DJ. Far-UVC light (222 nm) efficiently and safely inactivates airborne 
human coronaviruses. Sci Rep. 2020 Jun 24;10(1):10285. doi: 10.1038/s41598-020-67211-2. Erratum in: Sci Rep. 
2021 Sep 27;11(1):19569. doi: 10.1038/s41598-021-97508-9. PMID: 32581288; PMCID: PMC7314750.

2. E. R. Blatchley III, B. Petri, and W. Sun, "SARS-CoV-2 UV Dose Response Behavior," Purdue University and 
Trojan Technologies, 2022.  https://uvsolutionsmag.com/articles/2020/sars-cov-2-uv-dose-response-behavior/

UV254: Approximately 1.5 mJ/cm²

1. Li, P., Koziel, J. A., Macedo, N., Zimmerman, J. J., Wrzesinski, D., Sobotka, E., Balderas, M., Walz, W. B., Paris, 
R. V., Lee, M., Liu, D., Yedilbayev, B., Ramirez, B. C., & Jenks, W. S. (2022). Evaluation of an Air Cleaning Device 
Equipped with Filtration and UV: Comparison of Removal Efficiency on Particulate Matter and Viable Airborne 
Bacteria in the Inlet and Treated Air. International Journal of Environmental Research and Public Health, 19(23), 
16135. https://doi.org/10.3390/ijerph192316135
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Update

1. Cost-Benefit Analysis Standardization

2. National EIP Retrofit Proposal – Hospitals, Schools

3. Upper Air UV Studies - $10M, 2 Hospitals, 5 LTC

4. DiVE - Displacement Ventilation – CHES, CFD Studies, coalition of the willing

5. CSA Z317.2 – HVAC – DV, EV, Upper Air UV, FarUV; Cost-benefit Analysis

6. INHALE – new IAQ advocacy group



1st Stage Cost Benefit - Upper Air

% COST
# of Hospital Beds 95,000 0 Bathroom AutoUV 50% $0 million

Annual HAI % 10% 79,167 Upper Air UV 40% $396 million
HAI Mortality Rate 5% 0 Self-Disinfecting Sinks 30% $0 million

Avg Beds Per Room 1.2 0 Patient Room AutoUV 40% $0 million
Est. # of Patient Rooms 79,167 0 Copper Overbed Tables & BedRails 40% $0 million

ALOS - no HAI 7.0 0 Copper Toilet Seats 5% $0 million
ALOS - with HAI 16 0 Copper Door Hardware 5% $4 million

Avg Treatment Cost HAI $20,000 $1.5 million Annual Operating Cost per bed 40% $0.4 billion
Reclaimed Beds 4,540 Environmental Contribution 80%

Annually 30 Years Patient Room Contribution 70%
HAIs Prevented 103,563 3,106,898

Lives Saved 5,178 155,345 # In-Patients Before 4,953,571 Payback
Additional In-Patients @ 90% 743,036 22,291,071 # In-Patients After 5,696,607 16

(Days)
Savings - HAI Treatment $2.1 billion $62 billion
Value - Bed Availability $6.8 billion $204 billion Annual HAIs Before 577,920 ROI

Total $8.9 billion $266 billion Annual HAIs After 474,357 666

Overall HAI Reduction 22% 5,779,167 Potential Annual Patient Stays


Pt Rooms

												%		Hours		Hourly		Labour		Hours		Device		Device Cost		COST

		# of Hospital Beds		95,000				0		Bathroom AutoUV		50%		8		$200		$0		0		$5,000		$0		0

		Annual HAI %		10%				79,167		Upper Air UV		40%		8		$200		$0		0		$5,000		$395,833,333		395833.3333

		HAI Mortality Rate		5%				0		Self-Disinfecting Sinks		30%		8		$200		$0		0		$4,000		$0		0

		Avg Beds Per Room		1.2				0		Patient Room AutoUV		40%		12		$200		$0		0		$10,000		$0		0

		Est. # of Patient Rooms		79,167				0		Copper Overbed Tables & BedRails		40%		2		$200		$0		158,333		$3,500		$0		0

		ALOS - no HAI		7.0				0		Copper Toilet Seats		5%		4		$200		$0		0		$500		$0		0

		ALOS - with HAI		16				0		Copper Door Hardware		5%		4		$200		$3,958,333		316,667		$400		$0		3958.333333

		Avg Treatment Cost HAI		$20,000				1500		Annual Operating Cost per bed		40%						3958.333333		475,000				395.8333333		399.7916667

		Reclaimed Beds		4,540						Environmental Contribution		80%

				Annually				30 Years		Patient Room Contribution		70%

		HAIs Prevented		103,563				3,106,898

		Lives Saved		5,178				155,345		# In-Patients Before		4,953,571														Payback

		Additional In-Patients @ 90%		743,036				22,291,071		# In-Patients After		5,696,607														16

																										(Days)

		Savings - HAI Treatment		2071.26528				62137.9584

		Value - Bed Availability		6809.639277				204289.1783		Annual HAIs Before		577,920														ROI

		Total		8880.904557				266427.1367		Annual HAIs After		474,357														666



		Overall HAI Reduction		22%				5,779,167		Potential Annual Patient Stays







OR Calculator

		TKR O.R.										%		Hours		Hourly		Labour		Hours		Device		Device Cost		COST

		# of O.R.s		20				8		Far UV Lamps		50%		8		$125		$8,000		64		$2,000		$16,000		$24,000

		# of Cases Annually		20,000				4		Upper Air GUV		40%		8		$125		$4,000		32		$5,000		$20,000		$24,000

		SSI Rate - LAF		2.2%				4		Push-button O.R. Rapid Disinfection		40%		12		$125		$6,000		48		$10,000		$40,000		$46,000

		SSI Rate - EIP		0.5%				1		Self-Disinfecting Sink		30%		8		$125		$1,000		8		$3,000		$3,000		$4,000

		Capital Cost - LAF		$2,000,000								100%						$18,000		144				$76,000		$94,000

		Capital Cost - EIP		$1,880,000				$120,000		EIP Capital Savings

		Annual Operating Cost - LAF		$100,000				$6,000		EIP Annual Operating Savings

		Annual Operating Cost - EIP		$94,000				$300,000		EIP Life Cycle Savings

		QALY		$175,000

								85		Life Expectancy

		Avg Treatment Cost SSI		$100,000				60		Average Age of Surgical Patient

		5 Year All-Cause PJI Mortality		50%				0.8		QALY SSI Morbidity Value



				Annually				30 Years		# New Cases Before		19,560														Payback

		HAIs Prevented		340				10,200		# New Cases After		19,900														0.04

		Lives Saved (5 year mortality)		170				5,100		# Extra Cases Per Year		340														(Days)

		Additional TKR Patients 		340				10,200

										Annual SSIs Before		440														ROI

		Savings - HAI Treatment		$34,000,000				$1,020,000,000		Annual SSIs After		100														259,883

		Value - Add'l TKRs		$6,800,000				$204,000,000		Annual SSIs Prevented		340

		Subtotal		$40,800,000				$1,224,000,000



		QALY Morbidity		$297,500,000				$8,925,000,000

		QALY Mortality		$476,000,000				$14,280,000,000

		Total		$814,300,000				$24,429,000,000

















Cost Benefit



								Canada		US								Canada		US

				1		Risk Reduction Guesstimates		ü						16

				2		ALOS		ü						17

				3		Treatment Cost		ü						18

				4		Bed Availability		ü						19		Consumables Savings - Chemicals

				5		Life Cycle Period		ü						20		Time Savings - Contact Precautions

				6		Cost Savings of EIP Disinfection		ü						21		Time Savings - ABHR

				7		Manual Disinfection Savings - Sinks		ü						22		QALY / DALY

				8		Manual Disinfection Savings - Overbed Tables		ü						23		Cost of Social Services due to HAI

				9		Manual Disinfection Savings  - Bed Rails		ü						24		Cost of Healthcare due to HAI

				10		Manual Disinfection Savings - Sinks		ü						25		Lost Family Income due to HAI

				11		Manual Disinfection Savings - Bathrooms		ü						26		Additional Family Costs due to HAI

				12		Manual Disinfection Savings - Patient Rooms		ü						27		Lost Productivity to Business due to HAI

				13		Consumables Savings - Gowns								28		Lost tax revenue to country

				14		Consumables Savings - Gloves								29		Compounding Impact on Country P & L

				15		Consumables Savings - ABHR								30		Cost of Money over Life Cycle































				30		CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)		N/A

				31		CMS & Insurer Rule - HAI Care		N/A











UV Studies



				Eadie E, Hiwar W, Fletcher L, Tidswell E, O’Mahoney P, Buonanno M, et al. Far-UVC (222 nm) efficiently inactivates an airborne pathogen in a room-sized chamber. Scientific Reports.  2022;12(1):4373.



				Cooper, J., Bryce, E., Astrakianakis, G., Stefanovic, A., & Bartlett, K. (2016). Efficacy of an automated ultraviolet C device in a shared hospital bathroom. American Journal of Infection Control, 44(12), 1554-1557.  This study demonstrated that permanently installed automated UVC lights in shared hospital bathrooms significantly reduced bacterial contamination on surfaces (97% reduction on toilet seats, 95% on counters) and in air samples compared to bathrooms without UVC devices

				Hunt, B., & Anderson, W. A. (2016). Reduction of hospital environmental contamination using automatic UV room disinfection. InfectionControl.tips, 8, 1-19.  This study evaluated wall-mounted automated UVC devices (Aseptix 1) in hospital rooms and found a statistically significant 65% reduction in heavily contaminated surfaces and a 40% decrease in airborne contamination when the UV systems even when system were activated <30% of the time compared to periods when they were deactivated

























Bio Clean CFU per m3



				Eadie E, Hiwar W, Fletcher L, Tidswell E, O’Mahoney P, Buonanno M, et al. Far-UVC (222 nm) efficiently inactivates an airborne pathogen in a room-sized chamber. Scientific Reports.  2022;12(1):4373.



				Lans, M., et al. (2024). Baseline study of ultra-clean air change rate, number, and type of microorganism and quantity of dust particles in an operating room. Health Environments Research and Design Journal, 18(1), 142-156. https://pmc.ncbi.nlm.nih.gov/articles/PMC11667956/   This study defines ultraclean surgery as requiring ≤10 CFU/m³ according to the Swedish standard SIS-TS 39(E):2015. Their measurements found levels at wound level and instrument table were ≤1 CFU/m³, well below the ultraclean threshold

				Pedersen, C., et al. (2019). Is it possible to achieve the ultra-clean air requirement (10CFU/m³) with dilution ventilation? E3S Web of Conferences.
This study specifically examines whether dilution ventilation can achieve the ultraclean requirement of 10 CFU/m³. They found that with proper clothing and low surgical activities, it is possible to achieve ultraclean air levels even with mixing ventilation systems

				Aganovic, A., et al. (2021). Ventilation design conditions associated with airborne bacteria levels within operating rooms. Journal of Hospital Infection.
This paper reports that high-volume Unidirectional Airflow (UDAF) systems can unconditionally achieve ultraclean air levels close to the wound site, defined as <10 CFU/m³

				Halton Vita OR Space brochure (2020). Operating Room Solutions.
This commercial document cites performance criteria for ultraclean air ventilation as "<5 CFU/m³ (SIS-TS 39:2015) / <10 CFU/m³ (CEN TC 156 WG 18)" and notes that particle counts in "at rest" occupancy state should be within ISO 5 standards

				These sources consistently define ultraclean air in operating rooms as having ≤10 CFU/m³, though some standards like the Swedish SIS-TS 39:2015 set an even stricter threshold of ≤5 CFU/m³. The measurements are typically taken at critical locations such as the wound site and instrument tables during surgical procedures.



















CFU per m3



				Eadie E, Hiwar W, Fletcher L, Tidswell E, O’Mahoney P, Buonanno M, et al. Far-UVC (222 nm) efficiently inactivates an airborne pathogen in a room-sized chamber. Scientific Reports.  2022;12(1):4373.



				A typical patient room with 6 ACH in a modern hospital, bacterial concentrations generally range from 75-500 CFU/m³. According to European Commission standards, levels below 50 CFU/m³ are considered "very low," 50-100 CFU/m³ is "low," 100-500 CFU/m³ is "intermediate," and 500-2000 CFU/m³ is considered "high"4. The WHO expert group considers bacterial loads less than 1000 CFU/m³ as acceptable. CHAIR DOES NOT.

				1. Che Noraini, M. J., Hafizah, J., Nurzafirah, M., & Siti Noor Syuhada, M. A. (2016). A study of microbe air levels in selected rooms of Hospital Sultanah Nur Zahirah, Kuala Terengganu. Malaysian Journal of Analytical Sciences, 20(5), 1072-1079.  Found bacterial concentrations in patient rooms ranging from 75-278 CFU/m³.

				Abera, B., Adane, K., Mulu, W., Yizengaw, E., Tigabu, A., & Getaneh, A. (2024). Investigating Microbial Contamination of Indoor Air, Environmental Surfaces, and Medical Equipment in Jimma Medical Center, Southwest Ethiopia. Journal of Environmental and Public Health, 2024, 1266052   Reported mean bacterial counts in patient wards of 367 CFU/m³

				Różańska, A., Wójkowska-Mach, J., & Bulanda, M. (2021). Patient Safety Related to Microbiological Contamination of the Environment in Operating Theaters and Other Hospital Areas. International Journal of Environmental Research and Public Health, 18(7), 3781.   Established that European Commission standards classify <50 CFU/m³ as "very low" and 100-500 CFU/m³ as "intermediate" contamination

				Fekadu, S., & Getachewu, B. (2015). Microbiological Assessment of Indoor Air of Teaching Hospital Wards: A case of Jimma University Specialized Hospital. Ethiopian Journal of Health Sciences, 25(2), 117-122.   Found mean bacterial counts in medical wards of 215 CFU/m³ and noted WHO expert group considers <1000 CFU/m³ as acceptable.

				Cabo Verde, S., Almeida, S. M., Matos, J., Guerreiro, D., Meneses, M., Faria, T., Botelho, D., Santos, M., & Viegas, C. (2015). Microbiological assessment of indoor air quality at different hospital sites. Research in Microbiology, 166(7), 557-563.   Reported bacterial concentrations in patient rooms between 101-500 CFU/m³.

































CFU per cm2



				1. Claro, T., Daniels, S., Humphreys, H., & Fitzgerald-Hughes, D. (2015). Surface microbial contamination in hospitals: A pilot study on the use of Petrifilm for the rapid monitoring of surface hygiene. American Journal of Infection Control, 43(9), 1000–1002. https://doi.org/10.1016/j.ajic.2015.05.009 This study found that toilet door handles and bedside lockers had contamination levels averaging 7.97 and 7.34 CFU/cm², respectively, exceeding proposed hygiene standards on over 70% of occasions.​

				2. Yimer, R. M., & Alemu, M. K. (2022). Bacterial contamination level of indoor air and surface of equipment in the operation room in Dil-Chora referral hospital, Dire Dawa, Eastern Ethiopia. Infection and Drug Resistance, 15, 4175–4183. https://doi.org/10.2147/IDR.S382751   The study reported surface bacterial contamination levels ranging from 18 to 94.63 CFU/cm² in various hospital wards.​PMC

				3. Monteiro, A., et al. (2021). Bacterial contamination in health care centers: Differences between urban and rural settings. Atmosphere, 12(4), 450. https://doi.org/10.3390/atmos12040450   Surface samples from treatment rooms showed bacterial contamination levels up to 200,000 CFU/m² (equivalent to 20 CFU/cm²), highlighting significant contamination in healthcare settings.​MDPI

				4. Senneby, E., et al. (2024). Effect of 405 nm violet-blue light irradiation in a real-life setting. Journal of Hospital Infection, 152, 93–98. https://doi.org/10.1016/j.jhin.2024.01.005  The study found median bacterial contamination levels of 15 CFU/cm² on bathroom surfaces, with some surfaces exceeding 50 CFU/cm².​Journal of Hospital Infection

				5. Schmidt, M. G., et al. (2017). Sustained reduction of microbial burden on common hospital surfaces through introduction of copper. American Journal of Infection Control, 45(5), 500–505. https://doi.org/10.1016/j.ajic.2016.11.005  Non-copper alloy surfaces exhibited microbial burdens of approximately 700–800 CFU/100 cm², indicating high levels of contamination.​

				 Attaway, H. H., et al. (2012). Sustained reduction of microbial burden on common hospital surfaces through introduction of copper. mBio, 3(6), e00176-12. https://doi.org/10.1128/mBio.00176-12  Bed rails exhibited contamination levels averaging 17,336 CFU/100 cm², emphasizing the high microbial burden on frequently touched surfaces.​

				Yimer, R. M., & Alemu, M. K. (2022). Bacterial contamination level of indoor air and surface of equipment in the operation room in Dil-Chora referral hospital, Dire Dawa, Eastern Ethiopia. Infection and Drug Resistance, 15, 4175–4183. https://doi.org/10.2147/IDR.S382751   Surface bacterial contamination levels ranged from 18 to 94.63 CFU/cm² in various hospital wards.​

				Monteiro, A., et al. (2021). Bacterial contamination in health care centers: Differences between urban and rural settings. Atmosphere, 12(4), 450. https://doi.org/10.3390/atmos12040450  Surface samples from treatment rooms showed bacterial contamination levels up to 200,000 CFU/m² (equivalent to 20 CFU/cm²), highlighting significant contamination in healthcare settings.​

				Senneby, E., et al. (2024). Effect of 405 nm violet-blue light irradiation in a real-life setting. Journal of Hospital Infection, 152, 93–98. https://doi.org/10.1016/j.jhin.2024.01.005  Median bacterial contamination levels of 15 CFU/cm² were observed on bathroom surfaces, with some surfaces exceeding 50 CFU/cm².​

				Schmidt, M. G., et al. (2017). Sustained reduction of microbial burden on common hospital surfaces through introduction of copper. American Journal of Infection Control, 45(5), 500–505. https://doi.org/10.1016/j.ajic.2016.11.005    Non-copper alloy surfaces exhibited microbial burdens of approximately 700–800 CFU/100 cm², indicating high levels of contamination.​

				Attaway, H. H., et al. (2012). Sustained reduction of microbial burden on common hospital surfaces through introduction of copper. mBio, 3(6), e00176-12. https://doi.org/10.1128/mBio.00176-12   Bed rails exhibited contamination levels averaging 17,336 CFU/100 cm², emphasizing the high microbial burden on frequently touched surfaces.​

				Claro, T., Daniels, S., Humphreys, H., & Fitzgerald-Hughes, D. (2015). Surface microbial contamination in hospitals: A pilot study on the use of Petrifilm for the rapid monitoring of surface hygiene. American Journal of Infection Control, 43(9), 1000–1002. https://doi.org/10.1016/j.ajic.2015.05.009  This study found that toilet door handles and bedside lockers had contamination levels averaging 7.97 and 7.34 CFU/cm², respectively, exceeding proposed hygiene standards on over 70% of occasions.















UV as Vaccine

				Studies on UV-Attenuated Organisms and Immune Response



				1. Takashima, Y., Mizuno, N., Igarashi, I., & Ito, A. (1998). Immunization of laboratory animals with ultraviolet-attenuated larvae of Trichinella britovi. Journal of Parasitology, 84(5), 1020-1022.  Study demonstrated that UV-attenuated Trichinella larvae induced significant immunity in CB-17 mice but not in SCID mice, suggesting the importance of functional immune systems in responding to UV-attenuated organisms.

				2. Valero, N., et al. (2023). UV-C irradiation as an effective tool for sterilization of porcine circovirus vaccine. Scientific Reports, 13, 19350.  UV-inactivated recombinant vesicular stomatitis virus expressing influenza M2e protein was highly immunogenic against different influenza strains and protected mice against lethal H1N1 challenge, demonstrating UV-inactivation preserves immunogenicity.

				3. Takahashi, M., et al. (2004). A subcutaneously injected UV-inactivated SARS coronavirus vaccine elicits systemic humoral immunity in mice. International Immunology, 16(10), 1423-1430.  UV-inactivated SARS-CoV virions induced long-term antibody production even without an adjuvant and stimulated both humoral and cellular immunity, suggesting UV preserves important antigenic structures.

				4. Ren, J., et al. (2024). UV-Inactivated rVSV-M2e-Based Influenza Vaccine Protected Mice from Lethal Influenza Challenge. Frontiers in Bioscience, 29(5), 195.  Researchers found that protein mixtures sterilized by UV-C irradiation elicited significantly higher levels of specific IgG antibodies than those inactivated by binary ethylenimine, suggesting UV-attenuated antigens may preserve immunogenicity better than other inactivation methods.

				5. Brenner, D.J., et al. (2022). UV-C Light Completely Blocks Aerosol Transmission of Highly Contagious SARS-CoV-2 in a Hamster Model. Scientific Reports, 12, 14144.  Study showed UV-C light prevented airborne transmission of SARS-CoV-2 in hamsters, with UV-treated groups showing no viral RNA detection and no antibody development, suggesting complete viral inactivation.

				6. Buonanno, M., et al. (2020). Far-UVC light (222 nm) efficiently and safely inactivates airborne human coronaviruses. Scientific Reports, 10, 10285.  Far-UVC light at 222 nm effectively inactivated two airborne human coronaviruses (HCoV-OC43 and HCoV-229E) with exposure levels safe for human skin and eyes, suggesting potential for continuous use in occupied spaces.

				7. Welch, D., et al. (2018). Far-UVC light: A new tool to control the spread of airborne-mediated microbial diseases. Scientific Reports, 8, 2752.  Far-UVC light (207-222 nm) efficiently inactivated H1N1 influenza virus while being safe for mammalian skin, demonstrating potential for reducing airborne transmission of pathogens while preserving antigenic structures.

				8. Nardell, E.A., et al. (2008). Upper-room ultraviolet germicidal irradiation (UVGI) for air disinfection: A symposium in print. Photochemistry and Photobiology, 84(4), 911-1045.  Review of studies showing upper-room UVGI reduced tuberculosis transmission from humans to guinea pigs by approximately 80%, suggesting potential for immune stimulation through exposure to UV-attenuated airborne pathogens.

				9. McDevitt, J.J., et al. (2012). Aerosol susceptibility of influenza virus to UV-C light. Applied and Environmental Microbiology, 78(6), 1666-1669.  Study demonstrated that aerosolized influenza viruses could be effectively inactivated by UV-C light while potentially preserving antigenic structures, suggesting applications for reducing transmission while maintaining immunogenicity.

				10. Escombe, A.R., et al. (2009). Upper-room ultraviolet light and negative air ionization to prevent tuberculosis transmission. PLoS Medicine, 6(3), e1000043.  Field study in a hospital ward in Peru showed that upper-room UV light reduced guinea pig tuberculosis infection by 70%, demonstrating real-world effectiveness of UV in attenuating airborne pathogens while preserving antigenic properties.









				Effectiveness as a Public Health Measure



				The concept of using UV technologies to both reduce active pathogen loads and potentially stimulate immunity through exposure to attenuated organisms is promising but requires careful consideration. The studies above demonstrate several key points:

				1. UV irradiation can effectively inactivate pathogens while potentially preserving antigenic structures that can stimulate immune responses.

				2. The effectiveness varies by pathogen type, UV dose, and environmental conditions.

				3. Far-UVC (222 nm) technology shows particular promise as it can be used in occupied spaces without harmful effects on humans.

				4. Upper-room UVGI systems have demonstrated significant reductions in airborne pathogen transmission in real-world settings.

				For implementation in classrooms and healthcare settings, these technologies could provide a dual benefit: immediate reduction in infectious pathogen loads and potential immune stimulation through exposure to inactivated organisms. This approach could be particularly valuable for respiratory pathogens like influenza and coronaviruses, where continuous low-level exposure to attenuated viruses might help maintain immune readiness without causing disease.

				However, more research is needed to directly measure immune responses in humans exposed to environments treated with UV air and surface disinfection. The animal studies provide a promising foundation, but human studies specifically examining antibody development and T-cell responses to UV-attenuated airborne pathogens would strengthen the case for this approach as a public health strategy.

				The concept aligns with the "hygiene hypothesis" that suggests some exposure to microorganisms helps develop robust immune systems. UV technologies could potentially provide a controlled way to maintain beneficial microbial exposures while eliminating disease risk.









Pathogenic Airborne CFU



				Yang Liu, Yanjie Wang, Changfu Hao, Yan Li, Hao Lou, Qing Hong, Hao Dong, Haoran Zhu, Bisheng Lai, Yifan Liu, Jinlong Li.  Pathogenic bacteria and antibiotic resistance genes in hospital indoor bioaerosols: pollution characteristics, interrelation analysis, and inhalation risk assessment,  Environmental Pollution, Volume 374, 2025, 126243, ISSN 0269-7491, https://doi.org/10.1016/j.envpol.2025.126243.  (https://www.sciencedirect.com/science/article/pii/S0269749125006165)  During an influenza A outbreak, a study revealed hospital airborne bacterial concentrations of 118–259 CFU/m³, with dominant pathogens like Bacillus and Staphylococcus, high levels of antibiotic resistance genes (ARGs) in respiratory wards (peaking at 479.44 copies/m³), and quantitative risk assessments showing Staphylococcus posed infection risks to medical staff, mitigated effectively by mask usage.

































Mon to Fri



						Mon		Tue		Wed		Thu		Fri		Sat		Sun

				Manual		30		120		20		300		140		60		100

				Copper		0.1		0.2		0.1		0.3		0.2		0.4		0.2

				AutoUV		0.1		0.1		0.2		0.1		0.1		0.2		0.1

				FarUV		0.2		0.1		0.3		0.2		0.1		0.2		0.1
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Exhaled CFU



				1. Xu, C., Wei, X., Liu, L., Su, L., Liu, W., Wang, Y., & Nielsen, P. V. (2012). Molecular and Microscopic Analysis of Bacteria and Viruses in Exhaled Breath Collected Using a Simple Impaction and Condensing Method. PLoS ONE, 7(7), e41137. https://pmc.ncbi.nlm.nih.gov/articles/PMC3405091/

				Found bacterial concentrations in exhaled breath ranging from 693 to 6,293 CFU/m³ across seven human subjects.

				2. Xu, C., Wei, X., Liu, L., Su, L., Liu, W., Wang, Y., & Nielsen, P. V. (2012). Molecular and microscopic analysis of bacteria and viruses in exhaled breath collected using a simple impaction and condensing method. PLoS ONE, 7(7), e41137. https://pubmed.ncbi.nlm.nih.gov/22848436/

				Detected high bacterial concentrations up to 7,000 CFU/m³ in exhaled breath, including both viable and dead cells of various types.

				3. Adam, R. I., Bhangar, S., Pasut, W., Arens, E. A., Taylor, J. W., Bruns, T. D., Nazaroff, W. W., & Lindow, S. E. (2015). Chamber Bioaerosol Study: Outdoor Air and Human Occupants as Sources of Indoor Airborne Microbes. PLOS ONE, 10(5), e0128022. https://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0128022

				Found that a single person under seated conditions can release up to 10⁶ biological aerosol particulates per hour into the air.

				4. Che Noraini, M. J., Hafizah, J., Nurzafirah, M., & Siti Noor Syuhada, M. A. (2016). A study of microbe air levels in selected rooms of Hospital Sultanah Nur Zahirah, Kuala Terengganu. Malaysian Journal of Analytical Sciences, 20(5), 1072-1079. https://www.ukm.my/mjas/v20_n5/pdf/CheNoraini_20_5_28.pdf

				Found bacterial concentrations in hospital rooms ranging from 8 to 38 CFU/m³.

				5. Fekadu, S., & Getachewu, B. (2015). Microbiological Assessment of Indoor Air of Teaching Hospital Wards: A case of Jimma University Specialized Hospital. Ethiopian Journal of Health Sciences, 25(2), 117-122. https://bmjopenrespres.bmj.com/content/8/1/e000781

				Reported mean bacterial loads in hospital wards of 3,356.5 CFU/m³.

				6. Myers, B. A., Gurung, P., Lamtahri, M., Shumate, A., Grimes, G. J., Martinello, R. A., Mendenhall, I. H., & Eimer, B. C. (2022). Laboratory assessment of bacterial contamination of a powered air-purifying respirator, an elastomeric half-mask respirator, and a filtering facepiece respirator with and without an exhalation valve. Infection Control & Hospital Epidemiology, 43(8), 1037-1043. https://stacks.cdc.gov/view/cdc/126820/cdc_126820_DS1.pdf

				Found mean bacterial concentrations ranging from 7.8 to 11.7 CFU/m³ depending on the type of respiratory protection used.

				7. Zaatari, R., Harb, P., & Shihadeh, A. L. (2022). Airborne bacterial and PM characterization in intensive care units. Journal of Aerosol Science, 164, 106022. https://pmc.ncbi.nlm.nih.gov/articles/PMC9255450/

				Found that the total bacterial load in intensive care units ranged between 20.4 and 134.3 CFU/m³.

				8. Mirzaei, R., Shahriary, E., Qureshi, M. I., Rakhshkhorshid, A., Khammissa, A., & Bouchekrit, M. (2021). Indoor air microbial load and antibiotic susceptibility pattern of isolates in operating rooms and surgical wards of a hospital in Jimma, Ethiopia. Patient Preference and Adherence, 15, 1239-1245. https://pmc.ncbi.nlm.nih.gov/articles/PMC9262214/

				Found the highest mean bacterial load of 2957.5±669.76 CFU/m³ in the male surgical ward.

				9. Fekadu, S., & Getachewu, B. (2015). Microbiological Assessment of Indoor Air of Teaching Hospital Wards: A case of Jimma University Specialized Hospital. Ethiopian Journal of Health Sciences, 25(2), 117-122. https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2023.1194850/full

				Found the highest bacterial load in gynecology and pediatric wards at 3,224 CFU/m³.











FarUV

				FarUV

				5 Lamps @ 11W ea

				Minutes		CFU/m3

				0		2303.6

				5		26.8

				10		17.9

				15		8.9
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		Eadie E, Hiwar W, Fletcher L, Tidswell E, O’Mahoney P, Buonanno M, et al. Far-UVC (222 nm) efficiently inactivates an airborne pathogen in a room-sized chamber. Scientific Reports.  2022;12(1):4373.



		A typical patient room with 6 ACH in a modern hospital, bacterial concentrations generally range from 75-500 CFU/m³. According to European Commission standards, levels below 50 CFU/m³ are considered "very low," 50-100 CFU/m³ is "low," 100-500 CFU/m³ is "intermediate," and 500-2000 CFU/m³ is considered "high"4. The WHO expert group considers bacterial loads less than 1000 CFU/m³ as acceptable. CHAIR DOES NOT.





















AutoUV

				% of Room Decontaminated

				Manual		25%

				AutoUV		95%



				Decontamination Frequency		Per Day		Per Year

				Manual		1		365

				AutoUV		20		7,300



				Relative Decontamination Performance		Per Day		Per Year		Relative

				Manual		0.25		91		1.3%

				AutoUV		19		6,935		100%





































































































































































































































































































































































































































































Decontaminations per Day







Manual	AutoUV	1	20	





Relative Performace







Manual	AutoUV	1.3157894736842105E-2	1	







Sink



				Decontamination Frequency		Per Day		Per Year		Relative

				Manual		0.03		12		0.2%

				Auto Sink		20		7,300		100%



































































































































































































































































































































































































































































































Decontaminations per Day







Manual	Auto Sink	3.287671232876712E-2	20	





Relative Performace







Manual	Auto Sink	1.643835616438356E-3	1	







Copper



				Decontamination Frequency		Per Day		Per Year		Relative

				Manual		1		365		1.0%

				Copper		96		35,040		100%



				Average Time for 90% Reduction on Copper		15		minutes

				# 90% Reduction cycles Per 24h		96

































































































































































































































































































































































































































































































Decontaminations per Day







Manual	Copper	1	96	





Relative Performace







Manual	Copper	1.0416666666666666E-2	1	







Assumptions

				Effectiveness		Source

		Manual Disinfection - Daily Clean		25%		Carling, AJIC, 2013

		Manual Disinfection - Terminal Clean		32%		Carling, AJIC, 2014

		AutoUV Disinfection - Bathroom		97%		Cooper, AJIC 2016

		AutoUV Disinfection - Patient Room		97%		estimate

		AutoUV Disinfection - Utility Room		97%		estimate

		AutoUV Disinfection - Equipment Room		97%		estimate

		Mobile UV  Disinfection - Patient Room		97%		estimate

		Self Sanitizing Surfaces (e.g. Copper)		97%		Salgado, ICHE 2013





								 







Cost Benefit Categories

Healthcare Facility Process Society

Risk Reduction Estimate Cost Savings of EIP Disinfection QALY / DALY

ALOS Manual Disinfection Savings - Sinks Cost of Social Services due to HAI

Treatment Cost Manual Disinfection Savings - Overbed Tables Cost of Healthcare due to HAI

Bed Availability Manual Disinfection Savings  - Bed Rails Lost Family Income due to HAI

Life Cycle Period Manual Disinfection Savings - Sinks Additional Family Costs due to HAI

Manual Disinfection Savings - Bathrooms Lost Productivity to Business due to HAI

Manual Disinfection Savings - Patient Rooms Lost tax revenue to country

Consumables Savings - Gowns Compounding Impact on Country P & L

Consumables Savings - Gloves Cost of Money over Life Cycle

Consumables Savings - ABHR

Consumables Savings - Chemicals

Time Savings - Contact Precautions

Time Savings - ABHR


Cost



				Hospital		Amount		Each		#		Example - 9 Day Hospital Stay		Canada		US

				Vac Canister (NWPT)		$100		$100		1		Usually only one canister needed										`

				Vac Dressing (NWPT)		$100		$100		1		Usually only one dressing needed										`

				Prevena Portable Vac Pump for Home Use		$500		$500		1		Lasts 7+ days

				Standard Wound Dressing		-$180		$20		-9		Not needed for patients on NWPT

				Nursing Time for Wound Care		-$180		$20		-9		Not needed for patients on NWPT

				Total		$340

				Homecare								Example - 2 Weeks Post-Op Care		Canada		US

				Dressing Changes		-$350		$50		-7		Change dressing every 2nd day										`

				Vac dressing change		$400		$100		4		Change dressing every 3rd day

				Total		$50



				Grand Total		$390











































				CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)

				CMS & Insurer Rule - HAI Care











TKR



				Personal		Subtotal		Annual		# Years		2-Stage Revision, 3 Day Hosp Stays, 2 months off work		Canada		US

				Lost Earnings		$30,000		$300,000		0.1		2 months off work over one year										`

				Out of Pocket Costs		$5,000						Travel, parking, medicines

				Quality of Life Loss (QALY)		$25,000		$50,000		0.5		Until Retirement Age - 68 avg

				Homecare & Long-Term Supports		$2,500						Assistive devices, infrastructure upgrades

				Total		$62,500

				Society								2-Stage Revision, 3 Day Hosp Stays, 2 months off work		Canada		US

				Healthcare		$25,000						Estimate of Operations, Hospital stays, etc										`

				Social Services		$5,000						Estimate likely homecare & LTC supports

				Business Productivity		$10,000		$100,000		0.1		Until Retirement Age - 68 avg										`

				Lost Business tax revenue		$2,000		$20,000		0.1		Until Retirement Age - 68 avg

				Lost Personal tax revenue		$7,500		$75,000		0.1		Until Retirement Age - 68 avg

				Total		$49,500



				Cost of Money over Life Cycle		$248				0.1		Compounded @ 5% Annually



				Grand Total		$112,248











































				CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)

				CMS & Insurer Rule - HAI Care











2-Stage



				Personal		Subtotal		Annual		# Years		2-Stage Revision, 3 Day Hosp Stays, 2 months off work		Canada		US

				Lost Earnings		$60,000		$300,000		0.2		2 months off work over one year										`

				Out of Pocket Costs		$10,000						Travel, parking, medicines

				Quality of Life Loss (QALY)		$50,000		$50,000		1		Until Retirement Age - 68 avg

				Homecare & Long-Term Supports		$5,000						Assistive devices, infrastructure upgrades

				Total		$125,000

				Society								2-Stage Revision, 3 Day Hosp Stays, 2 months off work		Canada		US

				Healthcare		$50,000						Estimate of Operations, Hospital stays, etc										`

				Social Services		$10,000						Estimate likely homecare & LTC supports

				Business Productivity		$20,000		$100,000		0.2		Until Retirement Age - 68 avg										`

				Lost Business tax revenue		$4,000		$20,000		0.2		Until Retirement Age - 68 avg

				Lost Personal tax revenue		$15,000		$75,000		0.2		Until Retirement Age - 68 avg

				Total		$99,000



				Cost of Money over Life Cycle		$990				0.2		Compounded @ 5% Annually



				Grand Total		$224,990











































				CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)

				CMS & Insurer Rule - HAI Care











Cascade



				Personal		Subtotal		Annual		# Years		13 operations over 7 years, disabled		Canada		US

				Lost Earnings		$3,900,000		$300,000		13		Until Retirement Age - 68 avg										`

				Out of Pocket Costs		$100,000						So far, may rise

				Quality of Life Loss (QALY)		$650,000		$50,000		13		Until Retirement Age - 68 avg

				Homecare & Long-Term Supports		$100,000						Lifetime Estimate

				Total		$4,750,000

				Society										Canada		US

				Healthcare		$1,000,000						Estimate of Operations, Hospital stays, etc										`

				Social Services		$250,000						Estimate likely homecare & LTC supports

				Business Productivity		$1,300,000		$100,000		13		Until Retirement Age - 68 avg										`

				Lost Business tax revenue		$260,000		$20,000		13		Until Retirement Age - 68 avg

				Lost Personal tax revenue		$975,000		$75,000		13		Until Retirement Age - 68 avg

				Total		$3,785,000



				Cost of Money over Life Cycle		$2,460,250				13		Compounded @ 5% Annually



				Grand Total		$10,995,250











































				CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)

				CMS & Insurer Rule - HAI Care











Cost Benefit



				HAI Reduction		Direct Savings ($M)		Bed Days Freed		Value of Freed Bed Days ($M)		Total Annual Cost-Benefit ($M)

				10%		$1.30		1,200		$1.44		$2.74

				20%		$2.60		2,400		$2.88		$5.48

				30%		$3.90		3,600		$4.32		$8.22

				40%		$5.20		4,800		$5.76		$10.96

				50%		$6.50		6,000		$7.20		$13.70

				60%		$7.80		7,200		$8.64		$16.44

				70%		$9.10		8,400		$10.08		$19.18

				80%		$10.40		9,600		$11.52		$21.92















































						CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)

						CMS & Insurer Rule - HAI Care











Environmental Benefit



				HAI Reduction		Total Energy Saved (MWh)		Total GHG Saved (tonnes CO₂e)		Total Waste Saved (tonnes)

				10%		300		27.6		14.4

				20%		600		55.2		28.8

				30%		900		82.8		43.2

				40%		1,200		110.4		57.6

				50%		1,500		138		72

				60%		1,800		165.6		86.4

				70%		2,100		193.2		100.8

				80%		2,400		220.8		115.2















































						CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)

						CMS & Insurer Rule - HAI Care











Categories



				Healthcare Facility				Process				Society		Canada		US

				Risk Reduction Estimate				Cost Savings of EIP Disinfection				QALY / DALY										`

				ALOS				Manual Disinfection Savings - Sinks				Cost of Social Services due to HAI

				Treatment Cost				Manual Disinfection Savings - Overbed Tables				Cost of Healthcare due to HAI

				Bed Availability				Manual Disinfection Savings  - Bed Rails				Lost Family Income due to HAI

				Life Cycle Period				Manual Disinfection Savings - Sinks				Additional Family Costs due to HAI

								Manual Disinfection Savings - Bathrooms				Lost Productivity to Business due to HAI

								Manual Disinfection Savings - Patient Rooms				Lost tax revenue to country

								Consumables Savings - Gowns				Compounding Impact on Country P & L

								Consumables Savings - Gloves				Cost of Money over Life Cycle

								Consumables Savings - ABHR

								Consumables Savings - Chemicals

								Time Savings - Contact Precautions

								Time Savings - ABHR

































				CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)				CMS Penalty (Lowest quartile HAI - 1%, 2%, 3%)

				CMS & Insurer Rule - HAI Care				CMS & Insurer Rule - HAI Care













Modelers, Economists Welcome! 

Cost-Benefit Analysis Standardization
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