Supplemental material

Variations in disinfectants used by nurses in US healthcare facilities
	Supplemental Table SI. Description of the use of disinfectants by 4,572 US nurses working in a hospital (crude %) and among 1,594 nurses working at unique hospitals, weighted to match distribution of hospitals in AHA database for geographic location, bed size, and urban influence (weighted %)

	
	Weekly use of disinfectant, crude %
	Weekly use of disinfectant, weighted %
	95% CI

	
	n=4,752
	n=1,594
	

	Weekly use of disinfectants
	
	
	

	To clean surfaces
	58
	61
	58-64

	To clean instruments
	23
	22
	19-24

	Weekly use of sprays
	
	
	

	Any spray
	17
	21
	19-24

	Spray for cleaning/disinfection
	12
	16
	14-19

	Weekly use of specific disinfectants / cleaning products
	
	
	

	Alcohol
	41
	43
	39-46

	Hypochlorite bleach
	24
	24
	21-27

	Quats
	15
	16
	14-18

	Hydrogen peroxide
	9
	10
	8-12

	Glutaraldehyde
	7
	8
	6-9

	Formaldehyde
	5
	4
	3-5

	Ortho-phtalaldehyde
	5
	4
	3-5

	Enzymatic cleaners
	4
	4
	3-6

	Phenolics
	3
	2
	1-3

	“Green” products
	3
	4
	3-6

	Peracetic acid
	2
	2
	1-3

	Acetic acid
	2
	2
	1-3

	Ammonia
	1
	1
	1-2

	Ethylene oxide
	1
	1
	0-1

	Chloramine T
	0
	0
	0-0


	Supplemental Table SII. Use of 13 specific disinfectants / cleaning products * among nurses working in hospitals-according to hospital characteristics (n=4,110)

	
	
	Formaldehyde
	Glutaraldehyde
	Ortho-phtalaldehyde

	
	n
	%
	OR
	adjOR
	95% CI
	%
	OR
	adjOR
	95% CI
	%
	OR
	adjOR
	95% CI

	Bed size
	
	
	
	
	
	
	
	
	
	
	
	
	

	>=200
	2840
	5
	1
	1
	-
	7
	1
	1
	-
	5
	1
	1
	-

	50-199
	1029
	5
	1.08
	1.16
	0.83-1.62
	8
	1.18
	1.13
	0.84-1.51
	6
	1.29
	1.39
	0.98-1.96

	<50
	241
	3
	0.52
	0.61
	0.24-1.53
	12
	1.86
	1.66
	0.99-2.77
	5
	0.98
	1.27
	0.62-2.63

	US Region
	
	
	
	
	
	
	
	
	
	
	
	
	

	Northeast
	1237
	5
	1
	1
	-
	7
	1
	1
	-
	5
	1
	1
	-

	West 
	695
	5
	0.92
	0.92
	0.59-1.45
	8
	1.25
	1.24
	0.86-1.79
	5
	1.03
	1.02
	0.66-1.58

	Midwest
	1361
	6
	1.24
	1.30
	0.91-1.85
	7
	1.08
	1.04
	0.75-1.44
	5
	0.95
	0.99
	0.68-1.43

	South
	817
	4
	0.77
	0.78
	0.50-1.23
	7
	0.96
	0.94
	0.66-1.36
	4
	0.78
	0.79
	0.50-1.24

	Urban/Rural
	
	
	
	
	
	
	
	
	
	
	
	
	

	Urban
	3622
	5
	1
	1
	-
	7
	1
	1
	-
	5
	1
	1
	-

	Adjacent to urban
	315
	4
	0.77
	0.79
	0.42-1.50
	11
	1.60
	1.34
	0.84-2.16
	5
	0.88
	0.75
	0.40-1.40

	Rural
	173
	2
	0.46
	0.45
	0.18-1.12
	7
	1.07
	0.90
	0.52-1.58
	2
	0.35
	0.30
	0.10-0.94

	
	
	Hypochlorite Bleach
	Hydrogen peroxide
	Peracetic Acid

	
	n
	%
	OR
	adjOR
	95% CI
	%
	OR
	adjOR
	95% CI
	%
	OR
	adjOR
	95% CI

	Bed size
	
	
	
	
	
	
	
	
	
	
	
	
	

	>=200
	2840
	24
	1
	1
	-
	9
	1
	1
	-
	2
	1
	1
	-

	50-199
	1029
	25
	1.08
	1.05
	0.87-1.28
	10
	1.07
	0.94
	0.70-1.26
	1
	0.65
	0.62
	0.32-1.18

	<50
	241
	28
	1.23
	1.17
	0.83-1.64
	13
	1.54
	1.25
	0.77-2.01
	3
	1.46
	1.64
	0.54-4.95

	US Region
	
	
	
	
	
	
	
	
	
	
	
	
	

	Northeast
	1237
	26
	1
	1
	-
	10
	1
	1
	-
	2
	1
	1
	-

	West 
	695
	24
	0.89
	0.88
	0.69-1.13
	9
	0.81
	0.80
	0.54-1.19
	2
	0.89
	0.78
	0.27-2.19

	Midwest
	1361
	23
	0.84
	0.83
	0.67-1.03
	8
	0.73
	0.71
	0.53-0.96
	2
	0.95
	1.01
	0.52-1.99

	South
	817
	23
	0.85
	0.82
	0.64-1.05
	11
	1.03
	0.99
	0.71-1.39
	2
	0.88
	0.96
	0.46-1.98

	Urban/Rural
	
	
	
	
	
	
	
	
	
	
	
	
	

	Urban
	3622
	24
	1
	1
	-
	9
	1
	1
	-
	2
	1
	1
	-

	Adjacent to urban
	315
	29
	1.27
	1.17
	0.85-1.60
	16
	2.03
	1.88†
	1.25-2.85
	2
	1.14
	0.88
	0.29-2.67

	Rural
	173
	24
	1.02
	1.00
	0.69-1.47
	8
	0.91
	0.90
	0.45-1.76
	1
	0.34
	0.35
	0.04-2.90

	Logistic regression with unadjusted odds ratios OR and mutually-adjusted odds ratios adjOR with GEE to take into account clustering among nurses working in the same hospital. * Acetic acid and Chloramine T are not shown due to rarity of these exposures; the samples were too small for meaningful analysis. † Results in bold are statistically significant, and p-value for adjOR remains significant after False Discovery Rate correction.
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	Alcohol
	Ammonia
	Quats

	
	n
	%
	OR
	adjOR
	95% CI
	%
	OR
	adjOR
	95% CI
	%
	OR
	adjOR
	95% CI

	Bed size
	
	
	
	
	
	
	
	
	
	
	
	
	

	>=200
	2840
	40
	1
	1
	-
	1
	1
	1
	-
	14
	1
	1
	-

	50-199
	1029
	41
	1.06
	1.01
	0.86-1.20
	1
	1.00
	0.81
	0.38-1.73
	17
	1.28
	1.29
	1.04-1.61

	<50
	241
	42
	1.10
	0.99
	0.72-1.37
	1
	1.10
	0.70
	0.20-2.43
	22
	1.76
	1.58
	1.08-2.33

	US Region
	
	
	
	
	
	
	
	
	
	
	
	
	

	Northeast
	1237
	39
	1
	1
	-
	1
	1
	1
	-
	12
	1
	1
	-

	West 
	695
	44
	1.21
	1.22
	1.00-1.48
	1
	0.62
	0.68
	0.26-1.73
	17
	1.40
	1.36
	1.02-1.83

	Midwest
	1361
	39
	0.98
	0.98
	0.82-1.17
	1
	0.86
	0.87
	0.43-1.78
	18
	1.59
	1.51†
	1.17-1.94

	South
	817
	43
	1.19
	1.18
	0.97-1.42
	1
	0.79
	0.80
	0.35-1.79
	14
	1.12
	1.09
	0.81-1.45

	Urban/Rural
	
	
	
	
	
	
	
	
	
	
	
	
	

	Urban
	3622
	40
	1
	1
	-
	1
	1
	1
	
	15
	1
	1
	-

	Adjacent to urban
	315
	49
	1.41
	1.43
	1.05-1.94
	3
	2.39
	2.78
	1.16-6.66
	20
	1.45
	1.15
	0.81-1.64

	Rural
	173
	35
	0.79
	0.80
	0.56-1.14
	1
	0.56
	0.63
	0.08-4.89
	17
	1.22
	0.98
	0.63-1.51

	
	
	Ethylene Oxide
	Phenolics
	Enzymatic Cleaners

	
	n
	%
	OR
	adjOR
	95% CI
	%
	OR
	adjOR
	95% CI
	%
	OR
	adjOR
	95% CI

	Bed size
	
	
	
	
	
	
	
	
	
	
	
	
	

	>=200
	2840
	0
	1
	1
	-
	3
	1
	1
	
	4
	1
	1
	-

	50-199
	1029
	1
	1.38
	1.33
	0.44-4.01
	3
	0.94
	0.90
	0.53-1.53
	4
	0.94
	0.94
	0.63-1.41

	<50
	241
	2
	4.89
	5.04
	1.41-18.09
	3
	0.96
	0.70
	0.25-1.92
	7
	1.99
	2.11
	1.14-3.89

	US Region
	
	
	
	
	
	
	
	
	
	
	
	
	

	Northeast
	1237
	1
	1
	1
	-
	1
	1
	1
	
	5
	1
	1
	-

	West 
	695
	1
	1.00
	0.91
	0.27-3.09
	1
	1.34
	1.35
	0.57-3.19
	4
	0.74
	0.72
	0.43-1.18

	Midwest
	1361
	1
	0.91
	0.76
	0.24-2.43
	5
	5.00
	5.01†
	2.63-9.53
	4
	0.78
	0.74
	0.50-1.09

	South
	817
	0
	0.21
	0.19
	0.02-1.62
	3
	2.67
	2.53
	1.22-5.24
	3
	0.65
	0.63
	0.38-1.05

	Urban/Rural
	
	
	
	
	
	
	
	
	
	
	
	
	

	Urban
	3622
	0
	1
	1
	-
	3
	1
	1
	
	4
	1
	1
	-

	Adjacent to urban
	315
	1
	2.31
	1.17
	0.31-4.46
	3
	1.15
	1.19
	0.52-2.71
	5
	1.31
	1.02
	0.53-1.96

	Rural
	173
	1
	1.44
	0.75
	0.11-5.29
	4
	1.42
	1.06
	0.37-3.06
	4
	1.12
	0.94
	0.44-2.03

	Logistic regression with unadjusted odds ratios OR and mutually-adjusted odds ratios adjOR with GEE to take into account clustering among nurses working in the same hospital. * Acetic acid and Chloramine T are not shown due to rarity of these exposures; the samples were too small for meaningful analysis. † Results in bold are statistically significant, and p-value for adjOR remains significant after False Discovery Rate correction. 
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	“Green” Products†

	
	n
	%
	OR
	adjOR
	95% CI

	Bed size
	
	
	
	
	

	>=200
	2840
	3
	1
	1
	-

	50-199
	1029
	3
	0.92
	0.80
	0.52-1.25

	<50
	241
	8
	2.54
	2.13
	1.13-4.01

	US Region
	
	
	
	
	

	Northeast
	1237
	4
	1
	1
	-

	West 
	695
	4
	1.03
	1.00
	0.61-1.63

	Midwest
	1361
	2
	0.54
	0.48†
	0.29-0.78

	South
	817
	3
	0.70
	0.66
	0.41-1.09

	Urban/Rural
	
	
	
	
	

	Urban
	3622
	3
	1
	1
	-

	Adjacent to urban
	315
	6
	2.07
	1.84
	1.00-3.36

	Rural
	173
	4
	1.44
	1.34
	0.61-2.95


Logistic regression with unadjusted odds ratios OR and mutually-adjusted odds ratios adjOR with GEE to take into account clustering among nurses working in the same hospital. * Acetic acid and Chloramine T are not shown due to rarity of these exposures; the samples were too small for meaningful analysis. † Results in bold are statistically significant, and p-value for adjOR remains significant after False Discovery Rate correction. † “Green” products as evaluated by the participants (i.e. the questionnaire did not refer to specific green or environmentally preferable labels).
	Supplemental Table SIII. Results from hospital infection department survey in 8 hospitals

	Hospital infection department, n=8
	NHSII nurses working in the 8 hospitals, n=177

	Tasks
	Active ingredient(s) from SDS

(%)†‡
	Subgroup of nurses
	Weekly use of disinfectants (any task) reported in questionnaire (%)‡

	Products used by nurses*:
	
	
	

	For surface disinfection
	Quats (100), Alcohol (100), Hypochlorite bleach (25)
	Nurses reporting weekly use of disinfectants to clean surfaces only (n=70)
	Alcohol (53), Quats (32), Hypochlorite bleach (14), Glutaraldehyde (13), Hydrogen peroxide (10)

	For medical equipment disinfection
	Quats (100), Alcohol (100), Hypochlorite bleach (38)
	-
	-

	For medical instrument disinfection/sterilization
	Quats (75), Alcohol (63), Glutaraldehyde (25), Enzymatic cleaner (25)
	Nurses reporting weekly use of disinfectants to clean instruments (n=32)
	Alcohol (65), Hypochlorite bleach (41), Quats (35), Hydrogen peroxide (24), Glutaraldehyde (21), Enzymatic cleaners (7)

	Cleaning and disinfection of operating rooms
	Quats (75), Alcohol (75), Hydrogen peroxide (25)
	Operating room nurses (n=13)
	Alcohol (42), Hypochlorite bleach (42), Hydrogen peroxide (36), Quats (33), Glutaraldehyde (25)

	Products used in hospital*:
	
	
	

	To disinfect for drug resistant bacteria
	Bleach (63), Quats (63), Alcohol (50), Hydrogen peroxide (25), Peracetic acid (13), Acetic acid (13)
	-
	-

	Hand sanitizer
	Alcohol-based (100)
	-
	-

	Antimicrobial soap for surgical arms/hand antisepsis
	Chlorhexidine (88), Alcohol (75)
	-
	-

	* According to infection control department, who reported the product commercial name(s) used in each situation. Products’ active ingredients were then identified from Safety Data Sheets (SDS). † % of hospitals (out of 8) reporting at least one product containing this ingredient. ‡ The most prevalent ingredients from both sources are presented by rank of order.
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