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Background: Halting the spread of harmful microbes requires an understanding of their transmission via
hands and fomites. Previous studies explored acute and long-term care environments but not outpatient
clinics. Objectives of this study were to track microbial movement throughout an outpatient clinic and evalu-
ate the impact of a disinfectant spray intervention targeting high-touch point surfaces.
Methods: At the start of the clinic day, a harmless viral tracer was placed onto 2 fomites: a patient room door
handle and front desk pen. Patient care, cleaning, and hand hygiene practices continued as usual. Facility
fomites (n = 19), staff hands (n =4), and patient hands (n = 3-4) were sampled after 2, 3.5, and 6 hours. Tracer
concentrations at baseline (before intervention) were evaluated 6 hours after seeding. For the intervention
trials, high-touch surfaces were cleaned 4 hours after seeding with an ethanol-based disinfectant and sam-
pled 2 hours after cleaning.
Results: At 2, 3.5, and 6 hours after seeding, virus was detected on all surfaces and hands sampled, with
examination room door handles and nurses’ station chair arms yielding the highest concentrations. Virus
concentrations decreased by 94.1% after the disinfectant spray intervention (P=.001).
Conclusions: Microbes spread quickly in an outpatient clinic, reaching maximum contamination levels 2
hours after inoculation, with the highest contamination on examination room door handles and nurses’ sta-
tion chairs. This study emphasizes the importance of targeted disinfection of high-touch surfaces.
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BACKGROUND as bacteria such as methicillin-resistant Staphylococcus aureus and
vancomycin-resistant enterococci.>’ Evidence indicates that con-

Health care-associated infections are a significant threat to the tamination of environmental surfaces is linked with contamina-

safety of patients seeking medical care. The United States Centers
for Disease Control and Prevention (CDC) estimates that 721,800
health care-acquired infections occurred in the United States in
2011, equating to about 1 hospital-acquired infection in every 25
inpatients.! Organisms that are common causes of health care-
associated infections are known to survive on surfaces for days to
months.? Environmental contamination has also been demon-
strated to play a role in the transmission of pathogens, including
viruses such as norovirus,>* coronaviruses, and influenza,” as well
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tion of health care personnel hands and that improved terminal
cleaning and disinfection practices lead to decreased infection
rates.®° Improving environmental cleaning and disinfection in
health care settings therefore is a critical practice in reducing the
incidence of health care-associated infections.

Outpatient health care has been steadily increasing in recent deca-
des, shifting care from the inpatient to outpatient setting. Between
1997 and 2007, outpatient office visits increased by 25%.'° Between
1996 and 2013, outpatient care spending increased by $324.9 billion,
whereas inpatient care spending increased by $259.2 billion,!! and in
2016, hospital care spending increased 4.7%, whereas outpatient serv-
ices spending increased 5.4%.'? As more care is provided in outpatient
facilities, it is increasingly important to understand the potential for
disease transmission and study the practices that ensure infection
prevention in this setting. Although disinfection interventions have
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been quantitatively evaluated in hospitals and workplaces,
studies have not been published measuring their effect in health care
facilities beyond hospitals, despite evidence of environmental con-
tamination in outpatient care sites.'”'® Understanding the dynamics
of transmission and reservoirs of contamination in an outpatient set-
ting can help inform effective infection control guidelines and practi-
ces. Previous studies in home and office environments demonstrated
that human viruses and virus surrogates spread rapidly throughout a
facility and may contaminate more than half of the surfaces within 4
hours.'®'® Ethanol-based products, particularly those targeting hand
hygiene, play a strong role in infection control because of rapid,
broad-spectrum efficacy and ease of use. For surface disinfection,
however, ethanol-based disinfectants have required high levels of
alcohol (>50%) for antimicrobial efficacy, which led to concerns with
fast dry times and material compatibility.” The aim of this study was
to quantify pathogen contamination potential and assess the impact
of a high-touch point cleaning intervention with a 29.4% ethanol
spray disinfectant on reducing the spread of a virus tracer in an out-
patient clinic.

METHODS
Study design

This study site was an outpatient, urgent care clinic with approx-
imately 3,000 square feet of total treatment area. Patients entering
the facility signed in at a common front desk before evaluation by a
triage nurse. After initial evaluation for care needs, patients typically
waited in a common area in the front of the facility before moving
through a common door to private examination rooms in the back
of the facility.

To track transmission of microbes, a harmless virus tracer, bacterio-
phage MS2, was used. MS2 only infects specific strains of Escherichia
coli, can be grown to high concentrations, and has been extensively
used as a surrogate for human viruses and bacteria in a variety of trans-
mission studies.?>>> The MS2 bacteriophage has been shown to be an
appropriate surrogate for both transmission of pathogenic viruses and
susceptibility of more resistant viruses to disinfectants.>>~> The outpa-
tient clinic tracer study was reviewed and approved by the University
of Arizona institutional review board.

This study was divided into 3 distinct phases (Table 1). Phase 1
was a pilot time series study evaluating the movement of the tracer
virus through the facility over the course of the day. Patient care, sur-
face cleaning practices, and hand hygiene practices continued as
usual. Tracer virus (1 x 10° plaque-forming units [PFUs| of MS2) was
inoculated onto 2 fomites in the clinic: the door handle exiting the
patient care area and the sign-in pen at the front desk. Fomites
throughout the facility (n=19), hands of clinic staff (n = 4), and hands
of patients (n = 3-4) were sampled at 2, 3.5, and 6 hours. Phase 2 was
a baseline study during which fomite and hand samples were col-
lected 6 hours after seeding while hygiene practices continued as
usual by clinic staff, including use of the facility’s current disinfectant

Table 1
Summary of study design and intervention
Study phase Study design
1 Pilot time series study: Current cleaning practices and products
used by clinic staff; hand/fomite sampling at 2, 3.5, and 6 hours
after seeding
2 Baseline: Current cleaning practices and products used by clinic
staff; hand/fomite sampling at 6 hours after seeding
3 Intervention: Clinic staff using disinfectant spray for typical use

scenarios, plus targeted use of intervention disinfectant, by
study staff, on high-touch surfaces at 4 hours after seeding;
hand/fomite sampling at 6 hours after seeding

Table 2
Sample sites and surface areas

Sample sites Area sampled (cm?)
Bathroom inner and outer door handles (2) 100
Bathroom faucet (2) 100
Waiting room nurses' mouse 100
Waiting room counter 100
Wiaiting room survey computer mouse 100
Patient triage seat arms 30
Treatment area nurses' station mouse 100
Treatment area nurses' station chair arms 100
Patient room countertop storage canister lids (3) 100
Patient room exposed edge of examination table (3) 100
Patient room inner door handle (3) 50
Staff hands (4) 100
Patient hands (4) 100

wipe product. Phase 3 was an intervention study during which select
surfaces (Table 2) were cleaned by study personnel 4 hours after
seeding using an Environmental Protection Agency (EPA)-registered
ethanol-based spray disinfectant (Purell Surface Disinfectant, 29.4%
Ethanol; GOJO Industries, Akron, OH) with efficacy claims against
bacteria, nonenveloped viruses and influenza, and fungi. As per man-
ufacturer instructions for surface disinfection, product was sprayed
6-8 inches from surfaces until thoroughly wet. Treated surfaces
remained wet for a minimum of 30 seconds and were then wiped
with disposable dry paper towels. Samples were collected 2 hours
after the targeted cleaning (6 hours after seeding). Phase 3 interven-
tion was repeated twice, 3 days apart.

Sample collection and processing

Before the clinic opening, targeted surfaces (Table 2) were disin-
fected with a 70% ethanol solution to eliminate any potential back-
ground contamination. Upon opening, 2 surfaces (front desk sign-in
pen and door handle exiting patient care area) were seeded with 100
nL of 1 x 10° PFUs/mL of bacteriophage MS2. Clinic personnel contin-
ued their typical work practices throughout the day. Targeted clean-
ing and sample collection occurred 4 and 6 hours after seeding,
respectively.

Samples were collected using a sponge-stick (3M, Maplewood,
MN) containing 10 mL of neutralizing Letheen broth. Samples were
transported on ice to the laboratory for immediate processing. Sam-
ples were assayed in duplicate using the top agar overlay technique
and incubated at 37°C for 24 hours. After incubation, plaques were
counted and total concentrations were calculated. If the number of
PFUs was too numerous to count, within 24 hours the subsamples
were diluted by a factor of 10 until a countable number was obtained.

Statistical analysis

This study used a within-subjects design to compare the effect of a
disinfection intervention on the spread of a virus throughout an
urgent care facility. In the analysis of phase 1 pilot time series, the
percent of sites positive, represented by detection of a single PFU per
volume assayed, compared with total sites sampled were calculated
for total sites and also for segments of the facility, including nurses’
station fomites, patient area fomites, and hands of nurses and
patients. Average log virus concentrations (PFUs/surface) at each
time point were compared using pairwise t tests and R software.?® In
addition, a linear mixed effects model with a random intersect for
fomites was used to calculate the reduction coefficient.

PFUs were averaged across both subsample replicates, for each
sample from each surface from each phase, and then divided by the
area of the surface. These PFUs per unit area were averaged across
both repeats of each phase (yielding the log of the geometric mean).
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Table 3
Time series analysis of virus spread

2 hours 3.5 hours 6 hours Total (all time points)
Sample type (% positive over time)
Nurses station fomites 50% (3/6) 67% (4/6) 50% (3/6) 56%(10/18)
Patient area fomites 77%(10/13) 31%(4/13) 46% (6/13) 51%(20/39)
Staff hands 75% (3/4) 75% (3/4) 100% (4/4) 83% (10/12)
Patient hands 100% (3/3) 75% (3/4) 33%(1/3) 70% (7/10)
All sample types 73% (19/26) 52% (14/27) 54% (14/26) 59% (47/79)

PFU concentration data type (PFUs/surface)
PFU range
PFU mean of all sites
PFU mean of contaminated sites only

<1t01.8 x 10*
1.0 x 10°
14 x10°

<1t07.3 x 10* <1t03.4x10° <1t07.3 x 10*
370 141" 496
634 261 824

PFU, plaque-forming unit.
*Estimated PFU reduction of 38% per hour over 4-hour sampling period.

Comparisons of the average log PFUs/cm? were made between phases
2 and 3 using pairwise t tests and R software.

RESULTS

In phase 1, a comparison of virus percent positive and PFU results
was found to not differ significantly across various time points
throughout the day, although there was a decrease of 38% every hour
(reduction coefficient of —0.381) (Table 3). Maximum contamination
levels were reached after only 2 hours. Throughout the day, staff and
patient hands were frequently contaminated with the tracer, at times
reaching 100%, although the sample size was low (n = 3-4). More than
half (59%; 47 of 79) of all fomites and samples tested were positive
for the tracer when averaged over all time points, showing that the
tracer survived well and readily spread in the environment.

Specific sites, in phase 1, that showed the highest levels of con-
tamination were typically from patient hands or patient surfaces.
The top 5 most heavily contaminated sites in the time series experi-
ment (phase 1) included patient door handles, patient hands, staff
hands, nurses’ station chair arms, and the waiting room survey
computer mouse. Concentrations on these surfaces ranged from
1.04 PFUs/cm?-4.40 PFUs/cm?.

In phases 2 and 3, samples were collected at the 6-hour time point
after contamination. This timing was designed to allow the tracer to
spread throughout the facility for at least 2 hours before and after the

high-touch point disinfection intervention. MS2 PFU/cm? concentrations
under each intervention (boxplots) and geometric means across repli-
cates of interventions (diamonds) are shown in Figure 1. Observations
in each condition greater than 1.5 times the interquartile range are pre-
sented as separate points in the plot. The new intervention product’s
geometric mean viral count was 94.1% (95% CI, —71.4 to —98.8; P=.001)
lower than that of the baseline.

In both the baseline (phase 2) and intervention (phase 3), the
patient waiting room and the nurses’ station were the most contami-
nated areas. Specific surfaces included the nurses’ station chair arms
(70.0 PFUs/cm?; 8.24 + 18.8 PFUs/cm?), the waiting room counter
(31.0 PFUs/cm?; 3.12 + 0.18 PFUs/cm?), and the patient triage seat
arms (63.0 PFUs/cm?; 2.14 + 10.1 PFUs/cm?) for phases 2 and 3,
respectively. Virus concentrations decreased on all surfaces after
intervention, with the exception of the bathroom door handle and
the bathroom faucet. Values for the bathroom door handle and the
bathroom faucet before intervention ranged 0.03-21 PFUs/cm? and
0.065-0.17 PFUs/cm?, respectively, whereas postintervention values
ranged from 0.48-8.3 x 10> PFUs/cm? and 0.056-3.0 PFUs/cm?,
respectively.

DISCUSSION

Guidelines for cleaning and disinfection in outpatient facilities
are not specific regarding how often to clean and disinfect or what

10000 -
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Fig 1. Outpatient clinic tracer concentration before and after disinfectant spray intervention.
Vertical lines represent 95% confidence intervals for the geometric means. Phase 2 refers to the baseline current cleaning practices by site staff, phase 3a refers to the first repli-
cate of the spray disinfectant intervention. Phase 3b refers to the second replicate of the same intervention. Outliers are represented by a single point on the chart.
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methods should be used to ensure adequate cleaning.?’ Rather,
such facilities typically develop their own policies and procedures
for routine cleaning and disinfecting of environmental surfaces.
Tracer studies help to identify pathogen-spread potentials and
demonstrate the involvement of both close patient contact surfa-
ces and other environmental surfaces in infection transmission to
support development of evidence-based disinfection guidelines.

The results from phase 1 of this tracer study showed that more
than half of surfaces and hands were contaminated in less than 2
hours in an outpatient, urgent care clinic environment. Initial con-
tamination of only 2 high-touch point surfaces (patient sign-in pen
and common examination area exit door handle) resulted in spread
to hands and fomites in both patient and restricted staff areas. Fre-
quently touched surfaces, such as bathroom faucets, and patient
room examination table sides and door handles had higher levels of
contamination compared with less frequently touched items, such as
canisters storing cotton swabs and other medical supplies in patient
rooms. Contamination levels did decrease on sampled fomites and
hands over the course of the day. Possible explanations for the
decrease are that the tracer continues to be transferred to fomites not
included in sampling and is transported out of the facility on the
hands of exiting patients, reducing the numbers on the sampled
areas. Additionally, the sampling itself at each time point reduces the
available virus for transfer. In reality, it is likely that as patients who
are ill or colonized with a pathogen visit the facility throughout the
day, they will continually shed pathogens and contaminate surfaces.

High-touch point cleaning has been recommended in acute care
settings to help prevent the spread of pathogens.?®?° This approach
also can be beneficial in other settings, particularly in outpatient clin-
ics where a high volume of patients is treated. Based on comparisons
of tracer PFU concentrations between phase 2 baseline and phase 3
intervention, a 94.1% reduction with a single cleaning event demon-
strates the value of high-touch point cleaning in this environment.
This single cleaning event was performed with a low ethanol—-based
disinfectant. Pure ethanol and water solutions require ethanol con-
centrations between 60% and 90% to be antimicrobial®° but are fast
drying, lack detergent properties, and have reduced material compat-
ibility.” The data from this study demonstrate that products formu-
lated with lower ethanol (ie, <30%) can be efficacious and used to
reduce the spread of microorganisms in outpatient care facilities.

Although reduction of pathogen concentrations in the environ-
ment is expected to reduce exposures and risk of infection, informa-
tion is not currently available to determine whether a 94.1% (<2-log)
reduction would have a significant impact on health outcomes in the
outpatient clinic environment. Currently, there are no standards for
disinfection claims on surfaces in practice. Thus more research is
needed to define contamination levels in real-world scenarios and
appropriate disinfection targets to achieve specific health goals.
Despite this data gap, longer contact times and more frequent use of
disinfectants may be beneficial to further reduce pathogen concentra-
tions on environmental surfaces.

This study demonstrated that 4 out of 5 of sites with the highest
levels of contamination occurred on entry to the facility during
phases 2 and 3 (waiting room mouse and counter; triage chair arms)
or immediately after interaction with the patient (nurses’ station
chair arms). This result warrants a more active approach in disinfec-
tion of these areas throughout the day. The increase in contamination
of the bathroom surfaces between phases 2 and 3 could be a result of
increased hand hygiene and use of the sink influenced by the pres-
ence of the study staff during the intervention.

According to the CDC recommendations, patient care areas should
be cleaned on a regular basis, after spills, and when surfaces are visi-
bly soiled.®' In this study, health care staff reported cleaning exami-
nation tables and other close-contact patient area surfaces after each
patient contact using an EPA-registered disinfectant wipe or spray.

Other surfaces were cleaned by environmental service personnel
each evening after clinic hours. Although site staff reported frequent
cleaning with disinfecting products throughout the day, product
weight analysis showed little or no change at the end of the day com-
pared with the beginning of the day, indicating limited product use.
Based on the spread of contamination observed in the facility, includ-
ing high levels in the patient care area, proper disinfection of the
patient room between patients should be emphasized.

Many health care interventions and research studies focus on
health care personnel hand hygiene compliance and the desire to
achieve a target of 90%-100%.2? In reality, despite extensive education
and intervention, a maximum compliance rate of 57%, after interven-
tions, and a mean of 34%, as a routine, are documented.>> Given the
deficiencies in hand hygiene compliance, the known relationship
between surface and hand cross-contamination, and the demon-
strated link between contaminated surfaces and disease contraction,
a more holistic approach to hygiene that includes improvements in
surface disinfection is needed to prevent health care-associated infec-
tions.>**° Further concerns related to the lack of hygiene compliance
include the potential presence of the more resilient spore-forming
bacteria. CDC guidelines for prevention of Clostridium difficile, for
example, include the supplemental use of specific EPA-approved,
spore-killing disinfectants where patients with C difficile are treated.
Questions remain regarding the relationship between hygiene com-
pliance and the impact on health care-associated infection rates. Data
from this study can be used to inform risk assessment models
designed to predict health outcomes and quantitatively assess disin-
fection targets for meeting infection control goals.

This study emphasizes the importance of a comprehensive
approach to hygiene that includes not only frequent hand hygiene
but also targeted disinfection of high-touch surfaces and patient care
areas to reduce microbial cross-contamination and exposure risks. A
single disinfection of targeted surfaces by study staff, 4 hours after
clinic opening, was shown to significantly reduce the overall micro-
bial load on hands and environmental surfaces. Thus we recommend
that site staff be more intentional about surface disinfection practices
throughout the workday. In addition, patient hands were contami-
nated as often as clinic staff but at higher concentration levels. There-
fore promotion of routine hand hygiene among patients should be
encouraged, as well as among health care staff, to prevent disease
transmission from infected patients to fomites and other staff,
patients, and visitors.

Acknowledgments

The authors thank Daniel Troup, MS, for providing assistance with
the field study and laboratory sample analysis, and extend a special
thanks to the urgent care study site personnel for their cooperation in
the study.

References

1. Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer MA, et al. Multi-
state point-prevalence survey of health care—associated infections. N Engl ] Med
2014;370:1198-208.

2. Weber DJ, Rutala WA, Miller MB, Huslage K, Sickbert-Bennett E. Role of hospital
surfaces in the transmission of emerging health care-associated pathogens: Noro-
virus, Clostridium difficile, and Acinetobacter species. Am ] Infect Control 2010;38:
$25-33.

3. Repp KK, Keene WE. A point-source norovirus outbreak caused by exposure to
fomites. ] Infect Dis 2012;205:1639-41.

4. Hall AJ. Noroviruses: The perfect human pathogens? ] Infect Dis 2012;205:1622-4.

. Otter JA, Donskey C, Yezli S, Douthwaite S, Goldenberg SD, Weber DJ. Transmission

of SARS and MERS coronaviruses and influenza virus in health care settings: The
possible role of dry surface contamination. ] Hosp Infect 2016;92:235-50.

6. Kramer A, Schwebke I, Kampf G. How long do nosocomial pathogens persist on
inanimate surfaces? A systematic review. BMC Infect Dis 2006;6:130.

w


http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0001
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0001
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0001
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0001
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0002
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0002
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0002
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0002
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0003
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0003
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0004
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0005
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0005
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0005
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0006
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0006

ARTICLE IN PRESS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

K.A. Reynolds et al. | American Journal of Infection Control 00 (2018) 1-5 5

. Huang SS, Datta R, Platt R. Risk of acquiring antibiotic-resistant bacteria from prior

room occupants. Arch Intern Med 2006;166:1945-51.

. Weber DJ, Anderson D, Rutala WA. The role of the surface environment in health

care-associated infections. Curr Opin Infect Dis 2013;26:338-44.

. Rutala WA, Weber DJ. Selection of the ideal disinfectant. Infect Control Hosp Epi-

demiol 2014;35:855-65.

Schappert SM, Rechtsteiner EA. Ambulatory medical care utilization estimates for
2007. Vital Health Stat 2011;13(169):1-38.

Dieleman JL, Baral R, Birger M, Bui AL, Bulchis A, Chapin A, et al. US Spending on
personal health care and public health1996-2013. JAMA 2016;316:2627-46.
Centers for Medicare & Medicaid Services. National health expenditure data:
Historical.  https://www.cms.gov/research-statistics-data-and-systems/statis-
tics-trends-and-reports/nationalhealthexpenddata/nationalhealthaccountshis-
torical.html. Accessed December 11, 2017.

Goodman ER, Piatt R, Bass R, Onderdonk AB, Yokoe DS, Huang SS. Impact of an
environmental cleaning intervention on the presence of methicillin-resistant
Staphylococcus aureus and vancomycin-resistant enterococci on surfaces in inten-
sive care unit rooms. Infect Control Hosp Epidemiol 2008;29:593-9.

Boyce JM. Environmental contamination makes an important contribution to hos-
pital infection. ] Hosp Infect 2007;65(Suppl):50-4.

Reynolds KA, Beamer PI, Plotkin KR, Sifuentes LY, Koenig DW, Gerba CP. The
healthy workplace project: Reduced viral exposure in an office setting. Arch Envi-
ron Occup Health 2016;71:157-62.

Beamer PI, Plotkin KR, Gerba CP, Sifuentes LY, Koenig DW, Reynolds KA. Modeling
of human viruses on hands and risk of infection in an office workplace using
micro-activity data. ] Occup Environ Hyg 2015;12:266-75.

Grabsch EA, Burrell 1, Padiglione A, O’Keeffe JM, Ballard S, Grayson ML. Risk of
environmental and health care worker contamination with vancomycin-resistant
enterococci during outpatient procedures and hemodialysis. Infect Control Hosp
Epidemiol 2006;27:287-93.

Smith TL, Iwen PC, Olson SB, Rupp ME. Environmental contamination with vanco-
mycin-resistant enterococci in an outpatient setting. Infect Control Hosp Epide-
miol 1998;19:515-8.

Boone SA, Gerba CP. Significance of fomites in the spread of respiratory and enteric
viral disease. Appl Environ Microbiol 2007;73:1687-96.

Verhougstraete M, Reynolds K. Use of a portable air disinfecting system to remove
seeded coliphage in hospital rooms. Am ] Infect Control 2016;44:714-5.

Sassi HP, Sifuentes LY, Koenig DW, Nichols E, Clark-Greuel ], Wong LF, et al. Control
of the spread of viruses in a long-term care facility using hygiene protocols. Am ]
Infect Control 2015;43:702-6.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Valdez MK, Sexton ]D, Lutz EA, Reynolds KA. Spread of infectious microbes during
emergency medical response. Am ] Infect Control 2015;43:606-11.

Dunkin N, Weng S, Schwab K], McQuarrie |, Bell K, Jacangelo JG. Comparative inac-
tivation of murine norovirus and MS2 bacteriophage by peracetic acid and mono-
chloramine in municipal secondary wastewater effluent. Environ Sci Technol
2017;51:2972-81.

Dawson DJ, Paish A, Staffell LM, Seymour IJ, Appleton H. Survival of viruses on
fresh produce, using MS2 as a surrogate for norovirus. ] Appl Microbiol
2005;98:203-9.

D’Souza DH, Su X. Efficacy of chemical treatments against murine norovirus,
feline calicivirus, and MS2 bacteriophage. Foodborne Pathog Dis
2010;7:319-26.

Thaka R, Gentleman R. R: A Language for Data Analysis and Graphics, ] Computa-
tional Graphical Stat 1996;5:299-314

National Center for Emerging and Zoonotic Infectious Diseases, Division of Health-
care Quality Promotion, US Centers for Disease Control and Prevention. Guide to
Infection Prevention for Outpatient Settings: Minimum Expectations for Safe Care.
Published September 2016. https://www.cdc.gov/infectioncontrol/pdf/outpatient/
guide.pdf. Accessed August 4,2017.

Huslage K, Rutala WA, Sickbert-Bennett E, Weber DJ. A quantitative approach to
defining “high-touch” surfaces in hospitals. Infect Control Hosp Epidemiol
2010;31:850-3.

Hayden MK, Blom DW, Lyle EA, Moore CG, Weinstein RA. Risk of hand or glove
contamination after contact with patients colonized with vancomycin-resistant
enterococcus or the colonized patients’ environment. Infect Control Hosp Epide-
miol 2008;29:149-54.

Harrington C, Walker H. The germicidal action of alcohol. Boston Med Surg ]
1903;148, 548-52.

Rutala WA, Weber DJ. HICPAC. CDC Guideline for disinfection and sterilization in
health care facilities. https://www.cdc.gov/infectioncontrol/guidelines/disinfec-
tion/index.html. Accessed February 27, 2018.

Bradley CW, Holden E, Garvey MI. Hand hygiene compliance targets: what are we
actually targeting? ] Hosp Infect 2017;95:359-60.

Kingston L, O’Connell NH, Dunne CP. Hand hygiene-related clinical trials reported
since 2010: A systematic review. ] Hosp Infect 2016;92:309-20.

Weber DJ, Anderson D, Rutala WA. The role of the surface environment in health
care-associated infections. Curr Opin Infect Dis 2013;26:338-44.

Otter JA, Yezli S, French GL. The role played by contaminated surfaces in the trans-
mission of nosocomial pathogens. Infect Control Hosp Epidemiol 2011;32:687-99.


http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0007
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0007
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0008
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0008
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0009
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0009
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0010
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0010
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0011
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0011
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nationalhealthaccountshistorical.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nationalhealthaccountshistorical.html
https://www.cms.gov/research-statistics-data-and-systems/statistics-trends-and-reports/nationalhealthexpenddata/nationalhealthaccountshistorical.html
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0012
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0012
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0012
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0012
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0013
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0013
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0014
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0014
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0014
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0015
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0015
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0015
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0016
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0016
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0016
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0016
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0017
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0017
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0017
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0018
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0018
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0019
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0019
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0020
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0020
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0020
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0021
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0021
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0022
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0022
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0022
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0022
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0023
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0023
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0023
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0024
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0024
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0024
https://www.cdc.gov/infectioncontrol/pdf/outpatient/guide.pdf
https://www.cdc.gov/infectioncontrol/pdf/outpatient/guide.pdf
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0027
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0027
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0027
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0028
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0028
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0028
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0028
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0029
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0029
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/index.html
https://www.cdc.gov/infectioncontrol/guidelines/disinfection/index.html
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0031
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0031
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0032
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0032
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0033
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0033
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0034
http://refhub.elsevier.com/S0196-6553(18)30735-1/sbref0034

	Microbial transmission in an outpatient clinic and impact of an intervention with an ethanol-based disinfectant
	Background
	methods
	Study design
	Sample collection and processing
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


