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Contaminated environmental surfaces provide an important potential source for transmission of health
care-associated pathogens. In recent years, a variety of interventions have been shown to be effective in
improving cleaning and disinfection of surfaces. This review examines the evidence that improving
environmental disinfection can reduce health care-associated infections.
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Contaminated environmental surfaces provide an important
potential source for transmission of many health care-associated
pathogens.1-6 These include Clostridium difﬁcile, methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant enterococci
(VRE), gram-negative bacilli (eg, Acinetobacter baumannii and Pseudomonas aeruginosa), and norovirus.1-6 In recent years, a number of studies have demonstrated that environmental cleaning interventions can
improve the thoroughness of cleaning and reduce contamination on
surfaces.7-11 This review examines the evidence that such improvements in environmental disinfection may prevent transmission and
reduce health care-associated infections. The review was not conducted as a systematic review, but the MEDLINE electronic database
was searched using broad search terminologies and recent review
articles, and their references were searched. Studies were included
only if the impact of the intervention on rates of pathogen acquisition
and/or infection was assessed and environmental cleaning and disinfection was the primary focus of an intervention (ie, Multifaceted
infection control interventions were not included unless environmental disinfection was a central component of the intervention).
ENVIRONMENTAL DISINFECTION STRATEGIES
Figure 1 provides an overview of common routes of transmission of health care-associated pathogens. Patients colonized or
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infected with health care-associated pathogens shed organisms
onto their skin, clothing, bedding, and nearby environmental
surfaces.12 In addition to surfaces in rooms, portable equipment
and other fomites often become contaminated after contact with
patients or contaminated surfaces.12-14 Susceptible patients may
acquire pathogens through direct contact with contaminated
surfaces or equipment or via the hands of health care personnel
that have become contaminated after contact with patients or
environmental surfaces.15-17 For many pathogens, a majority of
patients acquiring colonization do not develop clinically apparent
infections. These asymptomatic carriers may shed pathogens into
the environment and contribute to transmission.18,19
Based on these routes of transmission, Figure 1 highlights 4
potential environmental disinfection strategies to reduce transmission. First, improving cleaning and disinfection of rooms of
patients known to carry health care-associated pathogens after
discharge (ie, terminal cleaning) will reduce the risk that patients
subsequently admitted to the same room will acquire pathogens
from contaminated surfaces.20 Second, daily disinfection of hightouch surfaces in isolation rooms may be useful to reduce the risk
of contamination of the hands of health care personnel providing
care for the patients.21,22 This strategy is analogous to daily disinfection of the skin of patients as a means of source control to reduce
transmission of MRSA and VRE.23,24 Third, disinfection of portable
equipment between patients or use of disposable equipment in
isolation rooms will reduce the risk for transmission.13,14 Finally,
rather than focusing only on isolation rooms, efforts to improve
cleaning and disinfection of all rooms may be beneﬁcial if there is
a concern that many carriers are not identiﬁed or are identiﬁed only
after long delays.19,25
Many environmental disinfection interventions reported in the
literature have focused primarily on improving terminal cleaning of
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Fig 1. Overview of common routes of transmission of health care-associated pathogens and potential environmental disinfection strategies (adapted from Donskey12). Patients
colonized or infected with health care-associated pathogens shed organisms onto their skin, clothing, and nearby environmental surfaces. Susceptible patients may acquire
pathogens through direct contact with surfaces or equipment or via the hands of health care personnel. Four sources of transmission and potential environmental disinfection
strategies to interrupt transmission are shown: (1) contamination of surfaces after terminal cleaning of isolation rooms resulting in risk of acquisition by patients subsequently
admitted to the same room (intervention: improve terminal room cleaning and disinfection); (2) contamination of surfaces in isolation rooms resulting in risk for contamination of
health care personnel hands (intervention: daily disinfection of high-touch surfaces); (3) contamination of portable equipment (intervention: disinfection of portable equipment
between patients or use of disposable equipment in isolation rooms); and (4) contamination of surfaces in rooms of unidentiﬁed carriers of health care-associated pathogens
(intervention: improve cleaning and disinfection of all rooms on high-risk wards or throughout a facility).

isolation rooms. It is plausible that more comprehensive interventions that include daily disinfection of high-touch surfaces,
disinfection of portable equipment, and improved cleaning of
nonisolation rooms might be most effective. However, studies have
rarely compared the effectiveness of different disinfection strategies or combinations of strategies. When available, information on
the different strategies included in disinfection interventions is
included in this review.

ENVIRONMENTAL DISINFECTION INTERVENTIONS

multifaceted infection control interventions. Many such successful
interventions are not included in this review because the contribution of environmental disinfection to the overall success of the
programs is uncertain.26-30 On the other hand, the published literature might provide an overly optimistic assessment of the impact
of environmental disinfection interventions. Many institutions have
implemented environmental disinfection interventions without
reducing colonization or infection with health care-associated
pathogens but have not published their ﬁndings (author’s unpublished data). Successful interventions are more likely to be
submitted for publication than those that fail.

Overview

Disinfectant product substitutions

Environmental disinfection interventions range from simple
interventions involving substitution of one disinfectant product
for another to intensive efforts to improve cleaning performance
through education plus monitoring and feedback to housekeepers.
In this regard, disinfection interventions are analogous to antimicrobial stewardship interventions, which range from formulary
substitutions to formal stewardship programs that include monitoring and feedback. For the purposes of this review, disinfection
interventions were divided into 3 categories: (1) disinfectant product
substitutions (ie, Although efforts may be undertaken to improve
cleaning, the primary intervention is a change to a disinfectant
with improved effectiveness against a particular pathogen), (2)
interventions to improve effectiveness of cleaning and disinfection
practices, and (3) use of automated disinfection technologies. In
practice, disinfectant product substitutions have most often involved
substitution of sporicidal for nonsporicidal products as a control
strategy for C difﬁcile. Interventions to improve effectiveness of
cleaning and disinfection have more often been implemented for
control of pathogens that are susceptible to a wide range of disinfectants (eg, MRSA, VRE, and gram-negative bacilli). Studies were
included in this review if the impact of the intervention on rates of
acquisition and/or infection was assessed.
It should be appreciated that the studies reviewed here could
potentially underestimate or overestimate the real-world beneﬁts
of environmental disinfection interventions. On one hand, environmental disinfection is often included as one component of

Table 1 provides an overview of 7 studies that involved disinfectant substitutions.25,31-36 In one intervention, an active oxygenbased compound was substituted for a detergent for daily cleaning
of ﬂoors and furniture, and a quaternary ammonium compound
was continued for ﬂoors on a second ward.31 The active oxygenbased product was associated with better eradication of bacteria
from surfaces but no reduction in nosocomial bloodstream infections or MRSA colonization and infection. In the other interventions, hypochlorite was substituted for a nonsporicidal product as
a strategy to control C difﬁcile. The concentration of hypochlorite
ranged from 500 to 5,500 parts per million (ppm). In each of the C
difﬁcile infection (CDI) interventions, there was a reduction in
infections on 1 or more wards. Mayﬁeld et al33 found that CDI rates
decreased signiﬁcantly on a bone marrow transplant with a relatively high endemic incidence of CDI but not on a medical ward or
intensive care unit with lower baseline rates. Similarly, in a crossover study on 2 medical wards in a nonoutbreak setting, Wilcox
et al34 found that the incidence of CDI decreased only on the ward
with the higher baseline CDI rate. These results suggest that environmental disinfection interventions may have greater impact in
settings where the baseline incidence is high. However, Hacek
et al36 reported a signiﬁcant reduction in CDI incidence from
a relatively low endemic baseline rate when hypochlorite was
substituted for a quaternary ammonium product in 3 hospitals.
Reductions in CDI were achieved with a variety of disinfection
strategies. Kaatz et al32 ended a CDI outbreak on a medical ward by
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Table 1
Studies involving disinfectant product substitutions
Ref

Product

Practice

31

2 Hospital wards
Nosocomial infections

Active oxygen-based compound

Daily cleaning of
ﬂoors and furniture

Cultures: decreased bacterial
load on surfaces

32

Medical ward
Clostridium difﬁcile

Hypochlorite 500 ppm

Terminal CDI rooms

33

Bone marrow transplant
(BMT) unit, Medical
Ward, ICU
Clostridium difﬁcile
2 Medical wards
(crossover study)
Clostridium difﬁcile

Hypochlorite 5,000 ppm

Terminal CDI rooms

Cultures: surface contamination
decreased to 21% of initial
levels
No

Hypochlorite 1,000 ppm

Terminal CDI rooms

Cultures: no decrease in the
percentage of positive
environmental cultures

Decreased on 1 of 2 wards

35

Medical and surgical ICUs
Clostridium difﬁcile

Hypochlorite 5,000 ppm

No

Decreased on both units

36

3 Hospitals
Clostridium difﬁcile
2 Medical wards
Clostridium difﬁcile

Hypochlorite 5,000 ppm

Ward 1: terminal CDI
rooms; ward 2: all
rooms
Terminal CDI rooms

No

48% decrease in prevalence
density of CDI
85% decrease in hospital
acquired CDI

34

25

Setting and organism

Hypochlorite 5,500 ppm (wipes)

Monitoring of disinfection

Terminal and daily
CDI and non-CDI
rooms

Yes (ATP bioluminescence)

Effect

No reduction in bloodstream
infections or MRSA colonization
or infection
Outbreak ended

Signiﬁcant decrease on BMT unit
but not on the other 2 wards

ATP, Adenosine triphosphate; BMT, Bone marrow transplant; CDI, C difﬁcile infection; ICU, intensive care unit; PPM, parts per million; Ref, reference number.
NOTE. 5,000 ppm ¼ 1:10 dilution of household bleach.

10

CDI cases/1,000 patient days

disinfecting the entire unit with hypochlorite. Orenstein et al25
achieved an 85% reduction in hospital-acquired CDI when hypochlorite wipes were used for daily and terminal disinfection of CDI
and non-CDI rooms on 2 medical wards. However, McMullen et al35
found that CDI rates decreased on a unit that used hypochlorite for
all rooms and on a second unit that used hypochlorite only for CDI
rooms. In the other 3 reports, reductions in CDI were achieved with
use of hypochlorite for terminal disinfection of CDI rooms. These
results suggest that it may be sufﬁcient to focus disinfection efforts
on CDI rooms.
Six of the 7 interventions in Table 1 were quasiexperimental
studies in which rates were compared before and after interventions with no concurrent control group. Quasiexperimental studies
are subject to a number of limitations, including difﬁculty in
controlling for confounding factors and regression to the mean.37 In
the studies reviewed, a number of potential confounding factors
were not reported. For example, compliance with hand hygiene or
contact precautions could impact infection or colonization rates,
but detailed information on these measures was not provided
in any of the studies. Of the studies reviewed, the intervention
of Mayﬁeld et al33 unintentionally achieved a higher study design
quality by having a repeated-treatment design. As shown in
Figure 2, the incidence of CDI decreased when hypochlorite was
substituted for a quaternary ammonium product, increased again
when the quaternary ammonium product was reinstituted in
response to an increase in VRE infections, and ﬁnally was again
reduced with reinstitution of hypochlorite.33
An important limitation of many of these studies is the absence
of adequate monitoring to ensure that disinfectants were being
applied effectively. In 3 of the 6 CDI studies, no routine monitoring
of cleaning performance was reported. Only 2 of these studies
included the use of environmental cultures to assess the impact of
the intervention on surface disinfection. Kaatz et al32 demonstrated
a signiﬁcant reduction in environmental contamination on the
outbreak ward after hypochlorite disinfection of the ward. In
contrast, Wilcox et al34 performed monthly surveillance cultures
and found that no reduction in the frequency of contamination of
environmental surfaces or health care personnel’ hands during
periods when hypochlorite was substituted for a nonsporicidal
detergent (Fig 3). These culture results raise concerns that the
application of hypochlorite might have been suboptimal.

8
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2

0
Period 1 Quat

Period 2 Hypochlorite

Period 3 Quat

Period 4 Hypochlorite

Disinfectant Product
Fig 2. Incidence of Clostridium difﬁcile infection (CDI) on a bone marrow transplant
unit during periods when different disinfectant products were used (adapted from
Mayﬁeld et al33). The 4 periods included the following: (1) period 1: quaternary
ammonium disinfectant; period 2: bleach containing 5,000 parts per million hypochlorite used for CDI rooms; period 3: quaternary ammonium disinfectant used daily
for all rooms in response to an outbreak of vancomycin-resistant enterococci; and
period 4: reinstitution of bleach for CDI rooms. Quat, quaternary ammonium
disinfectant.

Interventions to improve effectiveness of cleaning and disinfection
practices
Table 2 provides an overview of 9 studies in which interventions
were implemented to improve effectiveness of cleaning and
disinfection practices.11,22,38-44 In 7 of the 9 interventions, pathogen
acquisition was reduced or an outbreak resolved. Notably, Datta
et al39 demonstrated that MRSA acquisition was reduced by 62%
and VRE by 22% for patients admitted to a room previously occupied by a patient colonized by the same pathogen. The interventions included a variety of different cleaning strategies. Several
interventions emphasized daily disinfection and/or disinfection of
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Number of CDI cases
% positive environmental cultures
% positive hand imprint cultures
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Fig 3. Clostridium difﬁcile infections (CDI) and frequency of environmental contamination and hand contamination of health care personnel on 2 wards participating in a crossover
study of hypochlorite versus neutral detergent for environmental disinfection. The incidence of CDI decreased during the hypochlorite period on ward A but not on ward B. There
was no reduction in the frequency of contamination of environmental surfaces or health care personnel’ hands during the hypochlorite periods.

Table 2
Studies involving interventions to improve effectiveness of cleaning and disinfection

Ref

Setting and
organism

Design

Intervention

Monitoring of disinfection

38

Burn ICU
VRE

Quasiexperimental

Twice-daily cleaning of all rooms,
training of housekeepers, dedicated
housekeeper for the unit, and use
of checklists to guide cleaning
Education plus monitoring and feedback
to improve daily and terminal cleaning

11

Medical ICU
VRE

Quasiexperimental

39

10 ICUs
VRE & MRSA

Quasiexperimental

Feedback using ﬂuorescent markers and
bucket cleaning method with focus
on terminal cleaning

40

ICU
A baumanii

Quasiexperimental

41

Surgical ward
MRSA

Quasiexperimental

42

2 Surgical wards
MRSA

Ward-level crossover
design

43

Hospital
C difﬁcile

Quasiexperimental

22

2 ICUs
MRSA

1 Year randomized
crossover study

44

Hospital
VRE

Quasiexperimental

Product substitution (hypochlorite
[1,000 ppm replaced detergent]),
new cleaning protocols, additional
cleaning staff
Entire ward disinfected, increased cleaning
57 hours per week including shared
equipment and removal of dust,
new protocols
One additional cleaner disinfected high-touch
surfaces in patient rooms 2-3 times/day
and portable equipment and the
nurse’s station
Education; product substitutions (1st:
hypochlorite; 2nd: 7% accelerated
hydrogen peroxide); comprehensive
ward disinfection when 3 nosocomial
CDI cases
Twice-daily enhanced cleaning of high-touch
surfaces with ultramicroﬁber cloths and
a copper-based biocide; addition of a team
of trained hygiene technicians
Product substitution (hypochlorite 1,000 ppm),
daily disinfection of all rooms, employment
of cleaning supervisors, formal training plus
monitoring and feedback, and 3-times yearly
“super-clean-disinfection” of high-risk wards

Effect

Decreased environmental
contamination

Outbreak ended

Decreased environmental
contamination (10% to
3%-4% sites positive)
and hand contamination
(55% to 10%-11%)
Decreased contamination
with MRSA or VRE after
cleaning (27% vs 45% of
rooms after cleaning)
Decreased environmental
contamination

Decreased VRE acquisition
(hazard ratio, 0.36)

Decreased environmental
contamination from
11% to 0.7%

Decreased MRSA acquisition

Decreased aerobic microbial
contamination by 33%,
but no decrease in
environmental MRSA
No

Decreased MRSA acquisition
by 27%

Decreased MRSA contamination
in environment (15% vs 9%)
and physician hands (3% vs
0.7%)
Decreased VRE contamination
by 66%

No decrease in MRSA
acquisition (adjusted
odds ratio, 0.98)

Decreased acquisition of
MRSA by 49% and VRE
by 29%
Outbreak ended

No decrease in CDI incidence

Decreased newly recognized
VRE colonization by 25%
and VRE bacteremia by 83%

A baumannii, Acinetobacter baumannii; C difﬁcile, Clostridium difﬁcile; CDI, C difﬁcile infection; ICU, intensive care unit; MRSA, methicillin-resistant Staphlococcus aureus; Ref,
reference number; VRE, vancomycin-resistant Enterococcus.

portable equipment in addition to terminal cleaning and disinfection. In addition to education of housekeepers, many of the interventions included development of new protocols or checklists and
designation of responsibility for cleaning of speciﬁc items. Moreover, 5 of the interventions included providing designated housekeepers and/or hiring new housekeepers or supervisors.

A major strength of this group of studies is that cultures were
routinely monitored in 8 of the 9 interventions, and reductions in
environmental contamination were conﬁrmed. In addition, some
studies routinely assessed cleaning using methods such as direct
observation of housekeeper performance or evaluation of ﬂuorescent marker removal as a measure of thoroughness of cleaning. The
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Table 3
Studies involving use of vaporized hydrogen peroxide for ward and/or terminal room disinfection
Reference
45
46
47
48
49
50

Setting/organism
Hospital-wide
Clostridium difﬁcile
Long-term acute care
Acinetobacter baumannii
Neonatal ICU
Serratia marcescens
12-Bed ICU
MDR-GNR
Hospital-wide
Clostridium difﬁcile
6 High-risk wards (3 hydrogen
peroxide vapor and 3 control
wards)
MDROs

Intervention

Monitoring of disinfection

Effect

CDI rooms

No

Outbreak ended

Affected patient rooms

Decrease sites positive (8.6% to 0%)

Outbreak ended

Entire unit

No Serratia recovered after
hydrogen peroxide vapor
Decrease sites positive (47.6% to 0%)

Outbreak ended

All ICU rooms
Intensive decontamination of
5 high-incidence wards
Terminal MDRO rooms

Decrease sites positive (25.6% to 0%)
Decreased contamination (relative risk, 0.65)

No MDR-GNR cases for 2 months
but recurrent cases at 3-4 months
Signiﬁcant decrease in CDI incidence
on the high-incidence wards
64% Decrease in MDRO acquisition;
80% decrease in VRE acquisition

ICU, Intensive care unit; MDR-GNR, multidrug-resistant gram-negative rods; MDRO, multidrug-resistant organisms.

Fig 4. Evidence hierarchy for increasing patient safety through health care environmental surface cleaning and disinfection (Reprinted with permission from McDonald and
Arduino63). yPrioritize cluster randomization over interupted time series design.

reduction in environmental contamination adds a degree of
microbiologic plausibility to the subsequent decreases in pathogen
acquisition. Moreover, the ﬁnding that speciﬁc sites were
contaminated could sometimes be used to identify speciﬁc reservoirs for transmission and to direct disinfection efforts. For
example, Falk et al38 found that instruments used on patients were
often contaminated, including a contaminated electrocardiogram

lead that was implicated in reintroduction of VRE to the burn
intensive care unit after initial success in controlling an outbreak.
One notable observation from these studies is that it may not be
necessary to “get to zero” environmental contamination to reduce
pathogen acquisition. For example, Datta et al39 achieved a signiﬁcant reduction in MRSA and VRE acquisition despite a 27% frequency
of room contamination with MRSA or VRE after cleaning (improved
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from 45% at baseline). Similarly, Hayden et al11 reduced VRE acquisition despite ﬁnding that 3% to 4% of sites cultured remained
positive for VRE after cleaning (improved from 10% at baseline).
In 2 of the studies shown in Table 2, cleaning interventions
failed to reduce the incidence of colonization or infection with
pathogens. First, Valiquette et al43 found that an intensive effort to
improve environmental disinfection was ineffective in controlling
an outbreak of CDI. The intervention included disinfectant substitutions to hypochlorite and then 7% accelerated hydrogen
peroxide; the product used prior to hypochlorite was not speciﬁed.
Limitations of the study were that no standardized monitoring
of cleaning performance was reported, and cultures were not
collected to assess effectiveness of disinfection. Notably, implementation of an antimicrobial stewardship program subsequently
resulted in control of the outbreak. Second, in a well-designed
randomized trial on 2 intensive care units, Wilson et al22 found
that enhanced twice-daily disinfection of hand contact surfaces
reduced environmental and health care worker hand contamination but did not reduce patient acquisition of MRSA. The authors
concluded that enhanced cleaning as deﬁned in the study was not
cost or clinically effective. One consideration in evaluating the
contrast between these ﬁndings and the other studies in Table 2 is
that the standard cleaning protocols on the control study wards
appeared to be relatively high in quality (ie, routine daily cleaning,
clear designation of cleaning responsibilities including a signed
log, use of a chlorine-based product for isolated patients, regular
monitoring of compliance with cleaning). It is plausible that enhanced cleaning interventions might have greater impact on pathogen acquisition in settings with lower quality baseline cleaning
practices.
Automated disinfection devices
Automated devices that have been shown to be effective
in reducing environmental contamination in hospital rooms include hydrogen peroxide vapor or aerosol devices and ultraviolet
radiation devices. Of these, only hydrogen peroxide vapor has been
evaluated for potential reduction in pathogen acquisition or infection (Table 3).45-48 In several reports, hydrogen peroxide vapor
has been used in outbreak settings and has been associated with
reductions in colonization or infection with pathogens.48-50 In an
outbreak setting in a university-afﬁliated hospital, Boyce et al49
demonstrated that use of hydrogen peroxide vapor for terminal
disinfection of CDI rooms plus decontamination of high-incidence
wards was associated with a signiﬁcant reduction in the incidence of CDI. In another recent publication, Passaretti et al50
compared multidrug-resistant organism (MDRO) acquisition in
MDRO isolation rooms disinfected with hydrogen peroxide vapor
versus standard cleaning. The study was conducted on 6 high-risk
wards; the wards were not randomized, but 3 were chosen for
use of hydrogen peroxide vapor for MDRO rooms on the ward when
feasible. Use of hydrogen peroxide vapor was associated with a 64%
reduction in acquisition of any MDRO and an 80% reduction in
acquisition of VRE.
Disinfection or elimination of contaminated equipment
In addition to room disinfection, numerous outbreaks have been
associated with contamination of equipment.13,14,51-56 These
outbreaks have been attributed to equipment such as ultrasonic
nebulizers,51 hydrotherapy equipment,52 and electronic thermometers.13,14,53 Disinfection or replacement of contaminated
equipment has been effective in eliminating outbreaks. In 3 studies,
replacement of reusable electronic thermometers with disposable
thermometers was associated with signiﬁcant reductions in CDI or
VRE colonization.13,14,53
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CONCLUSION
In 2004, Dettenkofer et al57 performed a systematic review of
the impact of environmental surface disinfection interventions
on occurrence of health care-associated infections. The authors
concluded that the quality of the studies existing at that time was
poor, and none provided convincing evidence that disinfection of
surfaces reduced infections. As reviewed here, during the past
decade a growing body of evidence has accumulated suggesting
that improvements in environmental disinfection may prevent
transmission of pathogens and reduce health care-associated infections. Although the quality of much of the evidence remains
suboptimal, a number of high-quality investigations now support
environmental disinfection as a control strategy. Based on these
data, current guidelines for pathogens such as C difﬁcile, MRSA, VRE,
and norovirus emphasize the importance of environmental disinfection as a control measure.58-62
Although current studies support environmental disinfection,
there remains a need for carefully conducted studies to determine
the impact of disinfection interventions. McDonald and Arduino
have proposed an evidentiary hierarchy for assessing new disinfection interventions (Fig 4), with evaluations progressing from
laboratory studies through cluster randomized trials.63 Ultimately,
data from randomized trials will be essential to conﬁrm the ﬁndings
of lower level studies. Studies are also needed to clarify several other
important issues related to environmental disinfection interventions. First, do strategies such as daily disinfection of high-touch
surfaces and increased attention to disinfection of portable equipment add signiﬁcant beneﬁt as adjuncts to terminal room cleaning?
Second, if daily disinfection is performed, what is the optimal
frequency of disinfection (daily or more often)? Third, is it beneﬁcial
to include all rooms on high-risk wards or throughout a facility in
disinfection interventions? Fourth, should disinfection interventions strive to “get to zero” positive cultures after disinfection, or can
similar results be obtained if contamination is reduced but not
eliminated? Fifth, does adjunctive use of automated devices for
terminal disinfection confer additional beneﬁt over standard
cleaning, particularly if measures are taken to optimize standard
cleaning and disinfection? Finally, how can we integrate environmental disinfection with other control strategies to achieve optimal
impact? For example, daily disinfection of surfaces combined with
daily chlorhexidine bathing might provide more effective source
control than either strategy alone. Efforts to efﬁciently and accurately identify patients who shed pathogens into the environment
might enhance the impact of interventions by focusing cleaning
efforts on the sites most likely to be contaminated.

References
1. Weber DJ, Rutala WA, Miller MB, Huslage K, Sickbert-Bennett E. Role of hospital
surfaces in the transmission of emerging health care-associated pathogens:
norovirus, Clostridium difﬁcile, and Acinetobacter species. Am J Infect Control
2010;38:S25-33.
2. Boyce JM. Environmental contamination makes an important contribution to
hospital infection. J Hosp Infect 2007;65(Suppl 2):50-4.
3. Rutala WA, Weber DJ. The role of the environment in transmission of Clostridium difﬁcile infection in health care facilities. Infect Control Hosp Epidemiol
2011;32:207-9.
4. Hota B. Contamination, disinfection, and cross-colonization: are hospital
surfaces reservoirs for nosocomial infection? Clin Infect Dis 2004;39:1182-9.
5. Dancer SJ. Importance of the environment in meticillin-resistant Staphylococcus
aureus acquisition: the case for hospital cleaning. Lancet Infect Dis 2008;8:101-13.
6. Otter JA, Yezli S, French GL. The role played by contaminated surfaces in the
transmission of nosocomial pathogens. Infect Control Hosp Epidemiol 2011;32:
687-99.
7. Eckstein BC, Adams DA, Eckstein EC, Rao A, Sethi AK, Yadavalli GK, Donskey CJ.
Reduction of Clostridium Difﬁcile and vancomycin-resistant Enterococcus
contamination of environmental surfaces after an intervention to improve
cleaning methods. BMC Infect Dis 2007;7:61.

S18

C.J. Donskey / American Journal of Infection Control 41 (2013) S12-S19

8. Carling PC, Briggs JL, Perkins J, Highlander D. Improved cleaning of patient
rooms using a new targeting method. Clin Infect Dis 2006;42:385-8.
9. Carling PC, Parry MF, Von Beheren SM. Identifying opportunities to enhance
environmental cleaning in 23 acute care hospitals. Infect Control Hosp Epidemiol 2008;29:1-7.
10. Dumigan DG, Boyce JM, Havill NL, Golebiewski M, Balogun O, Rizvani R. Who is
really caring for your environment of care? Developing standardized cleaning
procedures and effective monitoring techniques. Am J Infect Control 2010;38:
387-92.
11. Hayden MK, Bonten MJ, Blom DW, Lyle EA, van de Vijver DA, Weinstein RA.
Reduction in acquisition of vancomycin-resistant enterococcus after enforcement
of routine environmental cleaning measures. Clin Infect Dis 2006;42:1552-60.
12. Donskey CJ. Preventing transmission of Clostridium difﬁcile: is the answer
blowing in the wind? Clin Infect Dis 2010;50:1458-61.
13. Brooks SE, Veal RO, Kramer M, Dore L, Schupf N, Adachi M. Reduction in the
incidence of Clostridium difﬁcile-associated diarrhea in an acute care hospital
and a skilled nursing facility following replacement of electronic thermometers
with single-use disposables. Infect Control Hosp Epidemiol 1992;13:98-103.
14. Jernigan JA, Siegman-Igra Y, Guerrant RC, Farr BM. A randomized crossover
study of disposable thermometers for prevention of Clostridium difﬁcile and
other nosocomial infections. Infect Control Hosp Epidemiol 1998;19:494-9.
15. Hayden MK, Blom DW, Lyle EA, Moore CG, Weinstein RA. Risk of hand or glove
contamination after contact with patients colonized with vancomycinresistant enterococcus or the colonized patients’ environment. Infect Control
Hosp Epidemiol 2008;29:149-54.
16. Stiefel U, Cadnum JL, Eckstein BC, Guerrero DM, Tima MA, Donskey CJ.
Contamination of hands with methicillin-resistant Staphylococcus aureus after
contact with environmental surfaces and after contact with the skin of colonized patients. Infect Control Hosp Epidemiol 2011;32:185-7.
17. Guerrero DM, Nerandzic MM, Jury LA, Jinno S, Chang S, Donskey CJ. Acquisition
of spores on gloved hands after contact with the skin of patients with Clostridium difﬁcile infection and with environmental surfaces in their rooms. Am J
Infect Control 2012;40:556-8.
18. Donskey CJ, Chowdhry TK, Hecker MT, Hoyen CK, Hanrahan JA, Hujer AM, et al.
Effect of antibiotic therapy on the density of vancomycin-resistant enterococci
in the stool of colonized patients. N Engl J Med 2000;343:1925-32.
19. Riggs MM, Sethi AK, Zabarsky TF, Eckstein EC, Jump RL, Donskey CJ. Asymptomatic carriers are a potential source for transmission of epidemic and nonepidemic Clostridium difﬁcile strains among long-term care facility residents.
Clin Infect Dis 2007;45:992-8.
20. Shaughnessy MK, Micielli RL, DePestel DD, Arndt J, Strachan CL, Welch KB, et al.
Evaluation of hospital room assignment and acquisition of Clostridium difﬁcile
infection. Infect Control Hosp Epidemiol 2011;32:201-6.
21. Kundrapu S, Sunkesula V, Jury LA, Sitzlar BM, Donskey CJ. Daily disinfection of
high-touch surfaces in isolation rooms to reduce contamination of healthcare
personnel’ hands. Infect Control Hosp Epidemiol 2012;33:1039-42.
22. Wilson AP, Smyth D, Moore G, Singleton J, Jackson R, Gant V, et al. The impact
of enhanced cleaning within the intensive care unit on contamination of the
near-patient environment with hospital pathogens: a randomized crossover
study in critical care units in two hospitals. Crit Care Med 2011;39:651-8.
23. Vernon MO, Hayden MK, Trick WE, Hayes RA, Blom DW, Weinstein RA. Chlorhexidine gluconate to cleanse patients in a medical intensive care unit: the
effectiveness of source control to reduce the bioburden of vancomycinresistant enterococci. Arch Int Med 2006;166:306-12.
24. Climo MW, Sepkowitz KA, Zuccotti G, Fraser VJ, Warren DK, Perl TM, et al. The
effect of daily bathing with chlorhexidine on the acquisition of methicillinresistant Staphylococcus aureus, vancomycin-resistant Enterococcus, and
healthcare-associated bloodstream infections: results of a quasi-experimental
multicenter trial. Crit Care Med 2009;37:1858-65.
25. Orenstein R, Aronhalt KC, McManus JE Jr, Fedraw LA. A targeted strategy to
wipe out. Clostridium difﬁcile. Infect Control Hosp Epidemiol 2011;32:1137-9.
26. Weiss K, Boisvert A, Chagnon M, Duchesne C, Habash S, Lepage Y, et al.
Multipronged intervention strategy to control an outbreak of Clostridium
difﬁcile infection (CDI) and its impact on the rates of CDI from 2002 to 2007.
Infect Control Hosp Epidemiol 2009;30:156-62.
27. Abbett SK, Yokoe DS, Lipsitz SR, Bader AM, Berry WR, Tamplin EM, et al.
Proposed checklist of hospital interventions to decrease the incidence of
healthcare-associated Clostridium difﬁcile infection. Infect Control Hosp Epidemiol 2009;30:1062-9.
28. Salgado CD, Mauldin PD, Fogle PJ, Bosso JA. Analysis of an outbreak of Clostridium difﬁcile infection controlled with enhanced infection control measures.
Am J Infect Control 2009;37:458-64.
29. Cartmill TD, Panigrahi H, Worsley MA, McCann DC, Nice CN, Keith E.
Management and control of a large outbreak of diarrhoea due to Clostridium
difﬁcile. J Hosp Infect 1994;27:1-15.
30. Muto CA, Blank MK, Marsh JW, Vergis EN, O’Leary MM, Shutt KA, et al. Control
of an outbreak of infection with the hypervirulent Clostridium difﬁcile BI strain
in a university hospital using a comprehensive “bundle” approach. Clin Infect
Dis 2007;45:1266-73.
31. Dharan S, Mourouga P, Copin P, Bessmer G, Tschanz B, Pittet D. Routine
disinfection of patients’ environmental surfaces. Myth or reality? J Hosp Infect
1999;42:113-7.
32. Kaatz GW, Gitlin SD, Schaberg DR, Wilson KH, Kauffman CA, Seo SM, et al.
Acquisition of Clostridium difﬁcile from the hospital environment. Am J Epidemiol 1988;127:1289-94.

33. Mayﬁeld JL, Leet T, Miller J, Mundy LM. Environmental control to reduce
transmission of Clostridium difﬁcile. Clin Infect Dis 2000;31:995-1000.
34. Wilcox MH, Fawley WN, Wigglesworth N, Parnell P, Verity P, Freeman J.
Comparison of the effect of detergent versus hypochlorite cleaning on environmental contamination and incidence of Clostridium difﬁcile infection. J Hosp
Infect 2003;54:109-14.
35. McMullen KM, Zack J, Coopersmith CM, Kollef M, Dubberke E, Warren DK. Use
of hypochlorite solution to decrease rates of Clostridium difﬁcile-associated
diarrhea. Infect Control Hosp Epidemiol 2007;28:205-7.
36. Hacek DM, Ogle AM, Fisher A, Robicsek A, Peterson LR. Signiﬁcant impact of
terminal room cleaning with bleach on reducing nosocomial Clostridium difﬁcile. Am J Infect Control 2010;38:350-3.
37. Harris AD, Bradham DD, Baumgarten M, Zuckerman IH, Fink JC,
Perencevich EN. The use and interpretation of quasi-experimental studies in
infectious diseases. Clin Infect Dis 2004;38:1586-91.
38. Falk PS, Winnike J, Woodmansee C, Desai M, Mayhall CG. Outbreak of
vancomycin-resistant enterococci in a burn unit. Infect Control Hosp Epidemiol
2000;21:575-82.
39. Datta R, Platt R, Yokoe DS, Huang SS. Environmental cleaning intervention and
risk of acquiring multidrug-resistant organisms from prior room occupants.
Arch Int Med 2011;171:491-4.
40. Denton M, Wilcox MH, Parnell P, Green D, Keer V, Hawkey PM, et al. Role of
environmental cleaning in controlling an outbreak of Acinetobacter baumannii
on a neurosurgical intensive care unit. J Hosp Infect 2004;56:106-10.
41. Rampling A, Wiseman S, Davis L, Hyett AP, Walbridge AN, Payne GC, et al.
Evidence that hospital hygiene is important in the control of methicillinresistant Staphylococcus aureus. J Hosp Infect 2001;49:109-16.
42. Dancer SJ, White LF, Lamb J, Girvan EK, Robertson C. Measuring the effect of
enhanced cleaning in a UK hospital: a prospective cross-over study. BMC Med
2009;7:28.
43. Valiquette L, Cossette B, Garant MP, Diab H, Pepin J. Impact of a reduction in the
use of high-risk antibiotics on the course of an epidemic of Clostridium difﬁcileassociated disease caused by the hypervirulent NAP1/027 strain. Clin Infect Dis
2007;45(Suppl 2):S112-21.
44. Grabsch EA, Mahony AA, Cameron DR, Martin RD, Heland M, Davey P, et al.
Signiﬁcant reduction in vancomycin-resistant Enterococcus colonization and
bacteraemia after introduction of a bleach-based cleaning-disinfection programme. J Hosp Infect 2012;82:234-42.
45. Cooper T, O’Leary M, Yezli S, Otter JA. Impact of environmental decontamination using hydrogen peroxide vapour on the incidence of Clostridium difﬁcile
infection in one hospital Trust. J Hosp Infect 2011;78:238-40.
46. Ray A, Perez F, Beltramini AM, Jakubowycz M, Dimick P, Jacobs MR, et al. Use of
vaporized hydrogen peroxide decontamination during an outbreak of
multidrug-resistant Acinetobacter baumannii infection at a long-term acute
care hospital. Infect Control Hosp Epidemiol 2010;31:1236-41.
47. Bates CJ, Pearse R. Use of hydrogen peroxide vapour for environmental control
during a Serratia outbreak in a neonatal intensive care unit. J Hosp Infect 2005;
61:364-6.
48. Otter JA, Yezli S, Schouten MA, van Zanten AR, Houmes-Zielman G, NohlmansPaulssen MK. Hydrogen peroxide vapor decontamination of an intensive care
unit to remove environmental reservoirs of multidrug-resistant gram-negative
rods during an outbreak. Am J Infect Control 2010;38:754-6.
49. Boyce JM, Havill NL, Otter JA, McDonald LC, Adams NM, Cooper T, et al. Impact
of hydrogen peroxide vapor room decontamination on Clostridium difﬁcile
environmental contamination and transmission in a healthcare setting. Infect
Control Hosp Epidemiol 2008;29:723-9.
50. Passaretti CL, Otter JA, Reich NG, Myers J, Shepard J, Ross T, et al. An evaluation
of environmental decontamination with hydrogen peroxide vapor for reducing
the risk of patient acquisition of multidrug-resistant organisms. Clin Infect Dis
2013;56:27-35.
51. Schultsz C, Meester HH, Kranenburg AM, Savelkoul PH, Boeijen-Donkers LE,
Kaiser AM, et al. Ultra-sonic nebulizers as a potential source of methicillinresistant Staphylococcus aureus causing an outbreak in a university tertiary
care hospital. J Hosp Infect 2003;55:269-75.
52. Embil JM, McLeod JA, Al-Barrak AM, Thompson GM, Aoki FY, Witwicki EJ,
et al. An outbreak of methicillin resistant Staphylococcus aureus on a burn
unit: potential role of contaminated hydrotherapy equipment. Burns 2001;
27:681-8.
53. Livornese LL Jr, Dias S, Samel C, Romanowski B, Taylor S, May P, et al. Hospitalacquired infection with vancomycin-resistant Enterococcus faecium transmitted by electronic thermometers. Ann Intern Med 1992;117:112-6.
54. Cotterill S, Evans R, Fraise AP. An unusual source for an outbreak of methicillinresistant Staphylococcus aureus on an intensive therapy unit. J Hosp Infect
1996;32:207-16.
55. Kumari DN, Haji TC, Keer V, Hawkey PM, Duncanson V, Flower E. Ventilation
grilles as a potential source of methicillin-resistant Staphylococcus aureus
causing an outbreak in an orthopaedic ward at a district general hospital.
J Hosp Infect 1998;39:127-33.
56. Engelhart S, Krizek L, Glasmacher A, Fischnaller E, Marklein G, Exner M.
Pseudomonas aeruginosa outbreak in a haematology-oncology unit associated with contaminated surface cleaning equipment. J Hosp Infect 2002;52:
93-8.
57. Dettenkofer M, Wenzler S, Amthor S, Antes G, Motschall E, Daschner FD. Does
disinfection of environmental surfaces inﬂuence nosocomial infection rates? A
systematic review. Am J Infect Control 2004;32:84-9.

C.J. Donskey / American Journal of Infection Control 41 (2013) S12-S19
58. Dubberke ER, Gerding DN, Classen D, Arias KM, Podgorny K, Anderson DJ, et al.
Strategies to prevent clostridium difﬁcile infections in acute care hospitals.
Infect Control Hosp Epidemiol 2008;29(Suppl 1):S81-92.
59. Cohen SH, Gerding DN, Johnson S, Kelly CP, Loo VG, McDonald LC, et al. Clinical
practice guidelines for Clostridium difﬁcile infection in adults: 2010 update by the
society for healthcare epidemiology of America (SHEA) and the infectious diseases
society of America (IDSA). Infect Control Hosp Epidemiol 2010;31:431-55.
60. Calfee DP, Salgado CD, Classen D, Arias KM, Podgorny K, Anderson DJ, et al.
Strategies to prevent transmission of methicillin-resistant Staphylococcus aureus
in acute care hospitals. Infect Control Hosp Epidemiol 2008;29(Suppl 1):S62-80.

S19

61. MacCannell T, Umscheid CA, Agarwal RK, Lee I, Kuntz G, Stevenson KB.
Guideline for the prevention and control of norovirus gastroenteritis
outbreaks in healthcare settings. Infect Control Hosp Epidemiol 2011;32:
939-69.
62. Muto CA, Jernigan JA, Ostrowsky BE, Richet HM, Jarvis WR, Boyce JM, et al.
SHEA guideline for preventing nosocomial transmission of multidrug-resistant
strains of Staphylococcus aureus and enterococcus. Infect Control Hosp Epidemiol 2003;24:362-86.
63. McDonald LC, Arduino M. Climbing the evidentiary hierarchy for environmental infection control. Clin Infect Dis 2013;56:36-9.

