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nvironmental hygiene can be addressed through process,
Editor’s Note: For more on
product and practice, working in concert to address what
this subject, see the Q&A with
should be done and with what tools, and in a manner
William Rutala in the Surface
congruent with best-practice recommendations and evidence-based
Disinfection Insights Center at:
guidelines. William A. Rutala, PhD, MPH, director of the Hospital
http://sd.infectioncontroltoday.com
Epidemiology, Occupational Health and Safety Program at UNC
Health Care and director of the Statewide Program for Infection
Control and Epidemiology at the UNC School of Medicine, says
that “Disinfectant selection, or the product, is one of the two
components essential for effective disinfection. The other component, the practice, is the thorough
application such that the disinfectant contacts all surfaces, as well as proper training of hospital staff
(especially environmental services and nursing) and adherence to the manufacturer’s label instructions
(except in the cases where an institution may prepare a formal risk assessment to follow alternate
contact times). The combination of product and practice results in effective surface disinfection, or the
reduction of patient risk, and improved patient outcomes.”
Rutala acknowledges the challenges to understanding and implementing the product/process/practice
concept and adds, “There is a lack of research that allows investigators to evaluate comparative safety,
efficacy and cost. These studies would result in evidence-based guidelines that could be published by
professional organizations. Unfortunately, there is no single place where you can find all the information
on products and practices to make an informed decision.”
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Process
It is imperative for healthcare professionals to understand why environmental hygiene is so critical, as
the foundation of their work practices.
The Role of the Environment
There is now little doubt that the physical environment plays a significant role in infection prevention. As
Rutala and Weber (2013) note, “There is excellent evidence in the scientific literature that environmental
contamination plays an important role in the transmission of several key healthcare-associated pathogens
including methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus (VRE),
Acinetobacter, norovirus, and Clostridium difficile. All these pathogens have been demonstrated to persist
in the environment for hours to days (in some cases months), to frequently contaminate the environmental
surfaces in rooms of colonized or infected patients, to transiently colonize the hands of healthcare personnel,
to be transmitted by healthcare personnel, and to cause outbreaks in which environmental transmission
was deemed to play a role. Furthermore, admission to a
room in which the previous patient had been colonized
or infected with MRSA, VRE, Acinetobacter, or C difficile
There is excellent evidence
has been shown to be a risk factor for the newly admitted
in the scientific literature that
patient to develop colonization or infection.
environmental contamination
Weber and Rutala (2013) acknowledge the evolving
state of environmental hygiene: “To decrease the frequency
plays an important role in the
and level of contamination of environmental surfaces and
transmission of several key
medical equipment in hospital rooms, routine and terminal
health care-associated pathogens
disinfection with a germicide has been recommended.
including methicillin-resistant
Unfortunately, routine and terminal cleaning of room surfaces
Staphylococcus aureus (MRSA),
by environmental services personnel and medical equipment
by nursing staff is frequently inadequate. Multiple studies
vancomycin-resistant Enterococcus
have demonstrated that less than 50 percent of hospital
(VRE), Acinetobacter, norovirus, and
room surfaces are adequately cleaned and disinfected
Clostridium difficile.
when chemical germicides are used. Similarly, inadequate
cleaning of portable medical equipment by nursing staff
has also been demonstrated. The implementation of enhanced education, checklists and methods to
measure the effectiveness of room cleaning with immediate feedback to environmental services personnel
has been found to improve cleaning and lead to a reduction in healthcare-associated infections. Notouch methods (e.g., ultraviolet C [UV-C] light and hydrogen peroxide systems) have been developed to
improve terminal room disinfection. UV-C light has been demonstrated to decrease the level of C. difficile
spores on contaminated surfaces in patient rooms, while hydrogen peroxide systems used in rooms of
patients colonized or infected with a multidrug-resistant organism has been shown to decrease the risk
of a subsequent patient admitted to the room developing infection or colonization with any multidrugresistant organism.”
An understanding of the chain of infection is critical to this conversation. Donskey (2013) explains
the common routes of transmission of healthcare-associated pathogens: “Patients colonized or infected
with healthcare-associated pathogens shed organisms onto their skin, clothing, bedding and nearby
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environmental surfaces. In addition to surfaces in rooms, portable equipment
and other fomites often become contaminated after contact with patients or
contaminated surfaces. Susceptible patients may acquire pathogens through
direct contact with contaminated surfaces or equipment or via the hands of
healthcare personnel that have become contaminated after contact with patients
or environmental surfaces.”
Donskey (2013) outlines four sources of transmission and potential environmental
cleaning and disinfection strategies to interrupt transmission:

➊

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)

➋

Contamination of surfaces in isolation rooms resulting in risk for
contamination of healthcare personnel hands (intervention: daily
disinfection of high-touch surfaces)

➌

Contamination of portable equipment (intervention: disinfection of portable
equipment between patients or use of disposable equipment in
isolation rooms)

➍

Contamination of surfaces in rooms of unidentified carriers of healthcareassociated pathogens (intervention: improve cleaning and disinfection of
all rooms on high-risk wards or throughout a facility).

The medical literature is rife with studies examining the various environmental
disinfection interventions. In his review, Donskey (2013) divided disinfection
interventions into three categories:

➊

Disinfectant product substitutions (meaning that although efforts may
be undertaken to improve cleaning, the primary intervention is a change
to a disinfectant with improved effectiveness against a particular pathogen)

➋
➌

Interventions to improve effectiveness of cleaning and disinfection practices

Multiple
studies have
demonstrated
that less than

50% of

hospital room
surfaces are
adequately
cleaned and
disinfected
when chemical
germicides
are used.

Use of automated disinfection technologies

As Donskey (2013) notes, “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.”
There are a number of persistent difficult issues that are tackled by Rutala and Weber (2013). For
example, there is a schism between improving room cleaning/disinfection and demonstrating the
effectiveness of surface decontamination in reducing healthcare-associated infections. While they point
to several investigators have reported that intervention programs aimed at environmental services workers
resulted in significant improvement in cleaning practices (such as improved education, monitoring the
thoroughness of cleaning with feedback of performance to the environmental service workers, and/or use
of cleaning checklists), they emphasize that no study has reported, in the post-intervention period, proper
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cleaning of more than 85 percent of objects. As Rutala and Weber (2013) note,
“A concern of published studies is that they have only demonstrated improved
cleaning of a limited number of “high-risk” objects (or “targeted” objects) and
not an improvement in the overall thoroughness of room decontamination. The
focus of disinfection efforts should be directed at thorough, room disinfection and
not focused on “high-risk” surfaces because they have not been demonstrated
to be associated with an increased risk of contamination of healthcare personnel
hands/gloves or increased risk for patient-to-patient transmission of pathogens.
Nor should the disinfection efforts be focused on “high-touch” surfaces because
the level of contamination is similar to that of lower, less frequently contacted
surfaces (high touch surface 71.9 colony-forming units [CFU]/Rodac vs low touch
A concern
surface 56.7 CFU/Rodac before cleaning). More emphasis should be placed on
of published
adequately training environmental service workers and providing timely feedback
studies is that
on the thoroughness of cleaning using fluorescent marking or ATP-based methods
they have only
and surface disinfection of all “touchable” surfaces.’”
demonstrated
Another problematic issue is the contact time for disinfection of non-critical
surfaces and patient-care equipment. As Rutala and Weber (2013) explain, “The
improved
Centers for Disease Control and Prevention (CDC) guideline discusses a 1-minute
cleaning of a
contact time (i.e., wet time) for low-level disinfection of non-critical environmental
limited number
surfaces and patient care equipment. To get EPA clearance of the CDC guideline,
of “high risk”
it was necessary to insert the sentences “By law, all applicable label instructions on
objects (or
EPA-registered products must be followed. If the user selects exposure conditions
that differ from those on the EPA-registered product label, the user assumes
“targeted”
liability from any injuries resulting from off-label use and is potentially subject to
objects) and not
enforcement action under FIFRA.”
an improvement
As Rutala and Weber (2013) point out, “There are several points that should
in the overall
be made about this apparent disconnect between label instructions and what
thoroughness
scientific studies demonstrate to include: (1) multiple scientific studies have
demonstrated the efficacy of hospital disinfectants against pathogens causing
of room
health care-associated infections with a contact time of at least 1 minute15; (2)
decontamination.
there are no data that demonstrate improved infection prevention by a 10-minute
contact time versus a 1-minute contact time; and (3) we are not aware of an
enforcement action by the EPA against healthcare facilities for 'off label' use of a surface disinfectant.
Furthermore, the only way an institution can achieve a contact time of 10 minutes is to reapply the
surface disinfectant multiple times to the surface (which is unlikely) because the typical dry time for a
water-based disinfectant is 1.5 to 2 minutes. Last, as important as disinfectant contact time is to surface
disinfection, nothing is more important than the thoroughness of cleaning/disinfecting all hand contact
surfaces (e.g., environmental surfaces or patient care equipment) because current studies demonstrate
that less than 50% of high-risk objects are cleaned/disinfected at terminal cleaning.”
Sattar and Maillard (2013) say that “… the label claims of disinfectants for wiping of high-touch
environmental surfaces are not tenable either on scientific or practical grounds. Such claims are based
on unrealistically long contact times, absence of wiping action, and testing against a limited number of
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relatively disinfectant-sensitive nosocomial pathogens. This situation continues to generate a false sense
of security and loads the environment with potentially unsafe chemicals while exposing patients and
caregivers to undue health risks.”
Rutala and Weber (2013) advise that if a healthcare facility decides to use a product with what they
call a “non-achievable label claim (e.g., 10 minutes),” it should prepare a formal risk assessment (see
http://www.unc.edu/depts/spice/dis/SurfDisRiskAssess2011.pdf) to be presented to surveyors when challenged.
Alternatively, the hospital could purchase and use for low-level disinfection of noncritical surfaces and
patient care equipment an EPA-registered disinfectant with an achievable contact time such as a disinfectant
with a 30-second to 2-minute bactericidal claim (see http://www.epa.gov/oppad001/chemregindex.htm).
Bundling for Success
Environmental hygiene is facilitated by the concept of bundling a number of evidence-based interventions.
As Havill (2013) advises, “Because increasing evidence suggests that the environment plays a role in
transmission of healthcare-associated infections, more attention is focusing on environmental cleaning
and improving its efficacy. Creating and sustaining a successful cleaning and disinfection program should
include several key components using a bundle approach and requires ongoing commitment within the
institution.” Havill (2013) adds, “An evidence-based care bundle is also needed for a successful environmental
cleaning and disinfection program. Key components of this bundle should include the following:
1 Policies and procedures to delineate cleaning responsibilities among staff: As Havill (2013) notes,
“The first step in creating a successful environmental cleaning program is to form a multidisciplinary
task force. The team should comprise members from administration, nursing, environmental services,
infection prevention (hospital epidemiologist, infection preventionist), materials management, biomedical
engineering, pharmacy and epidemiology laboratory personnel. Every discipline that has any role in the
cleaning process needs to be represented so that policies and procedures can be effectively defined. The
policies need to clearly define the cleaning task, the responsible service to perform the task, the cleaning
frequency, and the products to be used.
2 Selection of appropriate cleaning products: As Havill (2013) explains, “Selection of the cleaning
products should include a review of the current cleaning agents and disinfectants used within your
institution. Guidelines have outlined environmental disinfection protocols that include routine cleaning
and disinfection of environmental surfaces with an Environmental Protection Agency-registered, hospitalgrade disinfectant. Common products include quaternary ammonium compounds, sodium hypochlorite,
phenolics, and hydrogen peroxide. All products have pros and cons for use, but it is of utmost importance
to use the product following manufacturer’s recommendations for use on certain surfaces and for the
correct use-dilution.”
3 Determining the method of application for the products: As Havill (2013) states, “After determining the
products to be used and developing guidelines for when to use various agents, the method of application
needs to be defined. These products can be applied with cotton cloths, microfiber cloths or disposable
wipes. The disinfectant may be sprayed, wiped or applied with a saturated cloth. The application process
may be determined by a facility’s capability of laundering within the facility or contracting with an outside
vendor or by budget constraints. Regardless of the method of application to be used, the most important
factor is that the disinfectant be applied liberally enough to achieve sufficient wetness to ensure that the
correct disinfectant contact time is being achieved.”
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4 Educate, monitor and give feedback to the staff: As Havill (2013) notes, “The next step in the process
is to educate the environmental services personnel. There is an enormous amount of information that
they must be given to perform their tasks effectively. They must be educated on the items that they are
required to clean, the frequency of which they are to be cleaned, the order in which to clean the items,
the products to be used, the concentration of the products, and the correct contact time to achieve
cleaning … It is also important to emphasize that they are part of a team and that their role is crucial in
a successful cleaning and disinfection program.”
The Process of Wiping: Key to Proper Technique
It may sound simple, but there is more than meets the eye to the process of wiping a surface, especially
when it comes to preventing the transmission of pathogenic organisms.
As Sattar and Maillard (2013) say, “Decontamination of such surfaces is almost always either by a
disinfectant spray-and-wipe procedure or by wiping with an applicator or towelette pre-wetted with a
disinfectant (including sporicides), in both cases combining the microbicidal action of the disinfectant
with the physical (mechanical) action of wiping. However, products designed for this purpose are rarely
tested in a manner to simulate how they are used in the field, and the label claims of environmental
surface disinfectants (ESD) seldom include the wiping action. Government registration of these products
does not require testing with the wiping action included nor does it require tests performed with shorter
and more field-relevant contact times (seconds rather than minutes) or the relatively small quantities
of liquids generally applied on the target surface. End users also generally prefer smaller volumes of
disinfectant remaining on wiped surfaces to avoid prolonged drying and the potential for dripping. Thus,
in practice, wiping with a weak or slow-acting disinfectant may not only be ineffective but also possibly
spread localized contamination over a wider area. Major user groups now recognize these concerns and
are recommending better awareness in the selection and use of towelettes as well as corrective action
in their testing, label claims, and government regulation.”
The researchers say that size, thickness, material composition, layering, formulation and degree of
absorbency of the towelette will determine the quantity of a disinfectant retained in and released from
it. As Sattar and Maillard (2013) explain further, “The physical structure of the towelette also influences
the degree of contact it makes with the surface as well as its cleaning/abrasion of that surface and the
capacity it has to pick up and hold soils, microbes, and particles as the surface is wiped. It can, therefore,
also influence the level of redeposition of any previously accumulated microbes or soil onto the most
recently wiped surface area. Its chemical structure as well as prior use history and the degree of soil load it
carries influence whether and to what extent the towelette interacts with the disinfectant chemicals. Such
interactions weaken the disinfecting power by partial or complete neutralization of the disinfectant(s).
The more surface contacted and the more soil acquired, the weaker the disinfectant becomes. Towelettes
employed in the wiping of disinfectant-sprayed surfaces are often used for repeated wiping with no or
only cursory washing/decontamination in between. Even those towelettes marketed as single use are often
used repeatedly and beyond their capacity to disinfect the surface they are wiping. Thus, the level of the
active(s) brought in contact with the target surface and the inherent ability of the towelette to react with
and neutralize the active(s) in the disinfectant are key factors that must be considered to prevent spread
of microbial contamination over wider areas. In specific settings, the use of prewetted towelettes was
shown to be better than a spray-and-wipe procedure in decreasing bioburden from surfaces.”
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The wiping action is critical, according to Sattar and Maillard (2013)
who emphasize that, “The type and frequency of wiping action as well as
the pressure exerted during wiping can profoundly influence the outcome
of decontamination, and they also are among the more difficult variables
to control in the field. However, any standardized testing of towelettes
and wiping action must precisely control all these factors for reproducible
data on towelette performance and assess all tested products under the
same test conditions.
The surface to be wiped also plays a part in proper process. As Sattar
and Maillard (2013) say, “A combination of use history, topography,
The type and frequency
accessibility, orientation and inherent disinfectant demand of the target
surface will determine the efficiency of wiping and also the level of contact
of wiping action as
between the target pathogen(s) and ESD. The surface to be wiped must
well as the pressure
not only permit direct contact between the target pathogen(s) and ESD
exerted during wiping
but also allow for a sufficiently long dwell time to achieve the desired
can profoundly influence
level of decontamination. In general, the ease of decontamination by
the outcome of
wiping is directly related to the degree of smoothness of the surface.
However, if a representative environmental surface is to be selected for
decontamination, and
standardized evaluation of wiping performance and decontamination
they also are among the
efficacy, it should be one with an uneven topography and also widely
more difficult variables to
available."
control in the field.
The relationship between detergent activity and microbicidal efficacy in
the formulation is critical; an imbalance will lead to inefficient bioburden
removal from surfaces and the release of pathogens from the towelette.
Also, there is a ratio between disinfectant volume and surface area to be wiped: “In addition to the
volume of disinfectant soaked in a towelette, the efficiency of surface decontamination is related to the
total area rubbed with a given towelette,” Sattar and Maillard (2013) note. “As a towelette moves over
the surface there is depletion of the disinfectant in it and also simultaneous accumulation of microbial
and other contamination from the surface being wiped. In other words, a towelette could rapidly lose its
decontaminating potential if used beyond its ‘capacity.’ Therefore, label directions must provide the user
with guidance on the surface area to be decontaminated with a given towelette for optimal effectiveness.”
The human factor can’t be overlooked when you consider proper technique. As Sattar and Maillard
(2013) note, “Even when the most effective product is used, the degree of diligence on the part of the
housekeeping staff will ultimately determine the success of the wiping action. It is now well documented
that the wiping of high-touch environmental surfaces is either neglected altogether or carried out in
too cursory a manner to be effective. Improper wiping can be counterproductive by spreading localized
contamination over a wider area. It should be noted that wiping is a generic term that means different
things to different individuals. Properly conducted wipe testing should give guidance on the types and
extent of wiping that might be valuable inclusions in product labeling.”
The potential for microbial transfer is an important consideration when evaluating process and product
in the context of practice. Sattar and Maillard (2013) emphasize that surface contamination is rarely
uniform and is likely to be concentrated in certain spots: “Wiping a contaminated surface for infection
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control inevitably dislodges wet or dried microbial contamination and may spread it over a wider area
during the decontamination if not killed effectively at the point of contact. Therefore, it is imperative that
the combined action of disinfection and wiping be fast and efficient enough to reduce the pathogen
load to as low a level as possible to avoid spreading the pathogen over a wider area. The potential for
such pathogen spread over a wider area during wiping is particularly high with inappropriate detergent/
microbicide ratio and the ability of certain towelette materials to release microbial contamination.”
Guidelines That Shape Process
Although they are somewhat dated now, the Centers for Disease Control and Prevention (CDC)
guidelines on environmental cleaning (2003) have been a long-standing source of information regarding
process for proper environmental hygiene. In the section, “General Cleaning Strategies for Patient-Care
Areas,” the guidelines provides instruction on the cleaning of medical equipment, housekeeping surfaces,
special-care areas, carpeting and cloth surfaces, and more.
For more updated guidance, there’s the Practice Guidance for Healthcare Environmental Cleaning
from the Association for the Healthcare Environment (AHE). The AHE practice guidance (2012) outlines
the key principles of healthcare environmental services:
◗◗ Follow established guidelines and recommended practices from regulatory bodies and industry
associations such as OSHA, Joint Commission, CDC, APIC, AORN and AHE.
◗◗ Determine and maintain a standard of cleanliness and consistently follow protocols for cleaning and
disinfecting.
◗◗ Perform environmental cleaning in such a manner as not to transmit pathogens,
◗◗ The environmental services department should work with the infection prevention department to
uphold standards.
◗◗ Decisions related to the evaluation and purchasing of cleaning and disinfection products and tools
should be made by those individuals possessing the requisite knowledge of chemicals and how to
use them appropriately and safely.
◗◗ Environmental services will work with infection prevention to develop protocols for the wearing of
personal protective equipment (PPE).
As the AHE emphasizes, “To minimize the potential for healthcare-associated infections, proper cleaning
techniques followed by use of the right disinfectants are important weapons in the battle.”
The role of contamination of the environment is also considered in the SHEA guideline for preventing
nosocomial transmission of multidrug-resistant strains of Staphylococcus aureus and enterococcus, which
also discusses environmental cleaning and disinfection. It advises, “Ensure that the hospital method of
disinfecting hospital surfaces for antibiotic-resistant organisms (especially VRE) has been shown to be
adequate based on the results of studies of such methods in the healthcare setting or perform cultures
in the room of discharged patients to confirm the adequacy of terminal cleaning. This requires review of
the disinfectant agent, method and meticulousness of cleaning, dilutions, and contact time.”
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Product
The second key ingredient to cleaning success is the type of product used and the way it is employed
in the disinfection process. Rutala and Weber (2014) emphasize that, “Disinfectant selection, or the
product, is one of the two components essential for effective disinfection. The other component, the
practice, is thorough application such that the disinfectant contacts all surfaces, as well as proper training
of hospital staff (especially environmental services and nursing) and adherence to the manufacturer’s label
instructions (except in the cases where an institution may prepare a formal risk assessment to follow
alternate contact times, such as more than or equal to 1 minute for vegetative bacteria). The combination
of product and practice results in effective surface disinfection—or reduction of patient risk—and improved
patient outcomes.”
Rutala and Weber (2014) make the following recommendations regarding disinfectants:
◗◗ All disinfectants used in healthcare should be EPA-registered. There are three types of disinfectant
products that are EPA-registered on the basis of submitted efficacy data: limited, general or broadspectrum, and hospital disinfectants.
◗◗ Practitioners should be mindful of the order of susceptibility of microorganisms to disinfectants
model and its limitations. As Rutala and Weber (2014) explain, “The traditional hierarchy developed
by Spaulding is still widely used but is based on disinfectant knowledge from 1957. Today, our
understanding of the resistance profiles of pathogens by disinfectants is more informed, and an
updated guide has been proposed. However, it is important to recognize that this hierarchical scale
is only a guide to microbial susceptibility of pathogens to disinfectants, and it may vary depending
on the type of microorganisms, how they are presented for disinfection (e.g., in suspension or dry
on carrier), the test method (e.g., quantitative carrier tests), and the active ingredient and how it is
formulated (e.g., surfactants, chelating agents).”
◗◗ Survival of pathogens on environmental surfaces is critical to the potential of that surface to act
as a reservoir of the pathogen. As Rutala and Weber (2014) explain, “There are many factors that
determine the survival of pathogens on inanimate surfaces as well as their transfer to other surfaces.
It is beyond the intent of this article to review that data, but the factors include temperature, relative
humidity, topography, porosity, suspending medium, higher inocula, duration of contact, surface
material (e.g., plastic, steel), other microbes, biofilms, product volume to surface area, type of
microbe, disinfectant residual, microbial load, and contacting surface (e.g., bare hands or gloves).”
◗◗ Each disinfectant requires a specific length of time it must remain in contact with a microorganism
to achieve complete disinfection. As Rutala and Weber (2014) explain, “This is known as the kill
time (or contact time), and kill times for each microorganism will be listed clearly on the label of
EPA-registered disinfectants. Fast kill times are important because they give you confidence that you
are killing the prevalent and most common healthcare-associated pathogens before the disinfecting
solution can dry or be removed and before patients or staff are likely to retouch the surface. Ideally,
the contact time should be greater than or equal to the kill time.”
Rutala and Weber (2014) note further, “For example, some disinfectants may have a kill time for
vegetative bacteria of 30 seconds to 1 minute, which means that the bacteria listed on the label will be
disinfected within 1 minute. Other products, often concentrated formulas that require dilution before use,
are registered by the EPA for use against bacteria and viruses with a contact time of 10 minutes. Such a long
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contact time is not practical for disinfection of environmental surfaces in
a healthcare setting because most healthcare facilities apply a disinfectant
and allow it to dry, which normally takes 1.5 to 2 minutes. The EPA’s
position is that ‘By law, all applicable label instructions on EPA-registered
products must be followed. If the user selects exposure conditions that
differ from those on the EPA-registered product label, the user assumes
liability from any injuries resulting from off-label use and is potentially
subject to enforcement action under FIFRA.’ According to this position,
kill times for the organisms listed on the label must be followed. However,
scientific studies of hospital disinfectants have demonstrated microbial
reduction against pathogens causing HAIs with a contact time of 30-60
seconds. Currently, there are EPA-registered disinfectants available with
contact times of 1-3 minutes against most pathogens known to cause HAIs
and outbreaks (see http://www.epa.gov/oppad001/chemregindex.htm).
Disinfectant manufacturers must work to obtain EPA approval for shortened
contact times so that disinfecting products will be used correctly and
effectively in the healthcare environment. In the instances where an
institution chooses to use a product with a non-achievable label claim
(e.g., 10 minutes), it should prepare a formal risk assessment to be
presented to surveyors when challenged.”

Disinfectant
manufacturers must
work to obtain EPA
approval for shortened
contact times so that
disinfecting products
will be used correctly
and effectively in the
healthcare environment.

◗◗ Wet-contact time is also a critical component of product evaluation because if the product evaporates
too quickly, it will not remain in contact with microorganisms for the necessary kill/contact time. As
Rutala and Weber (2014) note, “The best disinfecting products will have a wet-contact time greater
than or equal to the kill times listed on the label. Most aqueous-based products (e.g., quaternary
ammonium compounds, phenolics, sodium hypochlorite, improved hydrogen peroxide) will keep
standard surfaces wet for approximately 2 minutes, while alcohol-containing solutions will dry faster.
Wet time for different disinfectants will vary depending on the size of the surface area, the product
formulation, and the amount of product loaded onto the wipe/cloth.”
◗◗ The amount of disinfectant left on the surface is important, as it affects the contact time and the
concentration of active ingredients delivered to the surface. As Rutala and Weber (2014) explain,
“Below a certain amount of liquid per surface area, the desired antimicrobial affect will not be
achieved. Thus, damp dusting using a barely wet cotton cloth or disposable disinfectant wipe will not
result in the desired antimicrobial reduction, as the surface was not wetted for the contact time with
an appropriate use dilution of the disinfectant. Similarly, results have demonstrated efficient transfer of
C. difficile spores from contaminated to clean surfaces by nonsporicidal wipes and overused sporicidal
wipes. In contrast, wiping with sporicidal agents eliminated more than 3.90-log10 C. difficile spores
by inactivation and/or physical removal. It is important to note that while disinfectant wet-contact
time is critical for thorough surface disinfection, nothing is more important than the thoroughness
of cleaning/disinfecting all hand-contact surfaces, as current studies demonstrate that less than
50 percent of high-risk objects are cleaned/disinfected at terminal cleaning. Wiping all hand-contact
or touchable surfaces and equipment—and not just perceived high-risk surfaces and equipment—
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is essential because high-risk surfaces and equipment have not been epidemiologically defined. In
addition, high-touch surfaces have only recently been defined, but there was no significant difference
in microbial contamination of high-, medium-, and low-touch surfaces.”
◗◗ Persistence or sustained antimicrobial activity of the disinfectant would also be a desirable
characteristic. Rutala and Weber (2014) say that the persistent antimicrobial would be self-sustaining
once in place and, “unlike improved environmental cleaning, does not require an ongoing behavior
change or education of personnel …Disinfectant manufacturers should work to obtain EPA approval
for persistent antimicrobial activity on healthcare surfaces and equipment.”
◗◗ Ease of use is another consideration that healthcare facilities should evaluate before choosing a
disinfectant. Rutala and Weber (2014) comment that, “The easier a product is to use, the more likely
it is for staff to achieve compliant usage and thoroughly apply the disinfectant to all hand-contact
surfaces. Disinfecting products should be effective in the presence of environmental factors, such as
organic matter; have an acceptable odor profile (some disinfectants are specially formulated with
odor inhibitors, and some products have an odor that some staff would suggest signals a clean
environment); be stable (have a substantial use life in concentrated form and at the use dilution); be
soluble in water; have simple directions for use; and have good cleaning properties.”
Standardizing or minimizing the number of disinfectants used in
healthcare is also important, as the number of products and active
Standardizing or
ingredients used by staff should be minimal so as to lessen confusion and
aid in compliance. Limiting the number of products in a single healthcare
minimizing the number
facility may be useful for training and compliance with appropriate use.
of disinfectants used
This will help staff achieve success during state and Joint Commission
in healthcare is also
audits by limiting the contact times and usage instructions staff must
important, as the number
know. Since there is no way to routinely know what pathogens persist
of products and active
on a surface, the ideal is to use the same product facility-wide that is
registered to kill the pathogens causing HAIs.”
ingredients used by staff
While we know that effective cleaning/disinfecting of the patient
should be minimal so as
environment is essential. Rutala and Weber (2013) note that “…there
to lessen confusion and
have been few studies that have assessed various cleaning methods. A
aid in compliance.
recent study comparing several cleaning/disinfecting methods against C
difficile (e.g., saturated cloth; spray [let sit 10 seconds] and wipe; spray,
wipe, spray [let sit 1 minute] and wipe; use of disposable pop-up wipes) demonstrated no difference in
the effectiveness of various wiping procedures. Wiping with a sporicidal agent eliminated ≥3.90 log10
C difficile by both physical removal and inactivation.”
Process and product come together again when wipes are used. Cadnum, et al. (2013) caution about
the potential for transfer of spores by hypochlorite wipes that are used inappropriately or used for a longer
duration than is recommended and explain, “Because C. difficile spores are resistant to killing by many
disinfectants, current guidelines recommend the use of sporicidal products such as sodium hypochlorite,
particularly in outbreak or hyperendemic settings. In practice, it is not uncommon for healthcare facilities
to use non-sporicidal products for some aspects of disinfection related to CDI (such as daily cleaning of CDI
rooms, equipment that may be damaged by exposure to hypochlorite). Rutala, et al. recently demonstrated
that such use of non-sporicidal agents may be effective in reducing contamination on surfaces due to
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physical removal of spores (>2.9 log reduction). However, it is important
While newer
for infection control practitioners to be aware that non-sporicidal wipes
technologies such as
can transfer spores from contaminated to clean surfaces, and improper
automated area room
use of hypochlorite wipes can also reduce effectiveness.”
decontamination require
Regarding their findings, Cadnum, et al. (2013) note, “Use of fresh prefurther investigation and
moistened germicidal wipes with 5 minutes of contact time consistently
reduced C. difficile spores to undetectable levels at the inoculum site, with
study, they may be a
no transfer of spores to clean sites. In contrast, large numbers of spores
viable adjunct to manual
were transferred to all four sequential clean sites by wipes moistened
cleaning and disinfection.
with the quaternary ammonium product or water (mean number of
spores recovered from the fourth transfer site, 3 and 2.1 log10 CFUs,
respectively). The used wipes transferred spores to all four sequential sites but in much lower quantities
(mean, 0.4 log10 CFUs recovered from the fourth transfer site). Finally, fresh premoistened germicidal
wipes transferred large quantities of spores (CFU too numerous to count) to five successive CDBA plates
containing Dey-Engley neutralizer (i.e., minimal contact time with hypochlorite allowed because of rapid
exposure to neutralizer). In summary, our results demonstrate efficient transfer of C. difficile spores from
contaminated to clean surfaces by nonsporicidal wipes, as has previously been reported by Siani, et al.
Moreover, our findings illustrate the potential for transfer of spores by hypochlorite wipes that are used
inappropriately. In our facility, observations of housekeepers demonstrated that many workers changed
hypochlorite wipes infrequently while others used paper towels to dry surfaces shortly after application
of hypochlorite. As illustrated here, such practices can result in insufficient wet contact time for killing of
spores. Our findings demonstrate the need to provide clear instructions to housekeepers on how wipes
should be used and provide support for the recommendation that sporicidal disinfectants are preferred
for surfaces in CDI rooms when feasible. For effective disinfection of C. difficile, a sporicidal product plus
correct practices are essential.”
While newer technologies such as automated area room decontamination require further investigation
and study, they may be a viable adjunct to manual cleaning and disinfection. The healthcare industry
is also seeing the rise of antimicrobial metals, compounds and coatings that are designed to facilitate
microbial kill on surfaces. As Weber and Rutala (2013, S31-35) explain, “Methods to improve disinfection
of environmental surfaces in hospital rooms include improving cleaning/disinfection by environmental
service workers through education and feedback on cleaning effectiveness (e.g., use of fluorescent dyes),
“no-touch” methods (e.g., UV-C light), and self-disinfecting surfaces. Self-disinfecting surfaces can be
created by impregnating or coating surfaces with heavy metals (e.g., silver or copper), germicides (e.g.,
triclosan), or miscellaneous methods (e.g., light-activated antimicrobials). These methods are under active
investigation but to date have not been assessed for their ability to reduce healthcare-associated infections.”

Practice
Numerous studies now have indicated that currently, cleaning and disinfection practices in many hospitals
are suboptimal. Rutala and Weber (2013) point to dismal findings: “It has long been recommended in the
United States that environmental surfaces in patient rooms be cleaned/disinfected on a regular basis (e.g.,
daily, three times per week), when surfaces are visibly soiled, and following patient discharge (terminal
cleaning). Studies have demonstrated that adequate environment cleaning is frequently lacking. For
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example, Carling, et al. assessed the thoroughness of terminal cleaning in
the patient’s immediate environment in 23 acute care hospitals (1,119 patient
rooms) by using a transparent, easily cleaned, stable solution that fluoresces
when exposed to hand-held ultraviolet light. The overall thoroughness of
cleaning, expressed as a percent of surfaces evaluated, was 49 percent (range
for all hospitals 35 percent to 81 percent). Using a similar design, Carling,
Over the past
et al. assessed the environmental cleaning in intensive care unit rooms in
decade, multiple
16 hospitals (2,320 objects) and demonstrated that only 57.1 percent of
studies have shown
sites were cleaned following discharge of the room’s occupant. A study by
that approximately
Havill, et al. using adenosine triphosphate (ATP) bioluminescence assays and
aerobic cultures demonstrated that medical equipment frequently had not
to
been disinfected as per protocol.”
of surfaces in the
Carling (2013) explains that, “Over the past decade, multiple studies have
patient zone of
shown that approximately 30 percent to 60 percent of surfaces in the patient
individuals colonized
zone of individuals colonized or infected with C difficile, VRE, or MRSA are
contaminated with these organisms. Although less widely studied, several
or infected with
reports have confirmed similar rates of contamination with A. baumanii in
C difficile, VRE,
colonized or infected patient rooms. Furthermore, several studies have shown
or MRSA are
significant environmental contamination with C difficile, MRSA, and VRE
contaminated with
in rooms of patients not in isolation for these HAPs, raising the possibility
these organisms.
that such contamination is related to prior room occupants and ineffective
disinfection cleaning practices. Indeed, multiple studies have now confirmed
that there is an approximately 120 percent increased risk of a susceptible patient becoming colonized
or infected with a wide range of HAPs if the individual previously occupying that room was colonized
with that organism. Although not being able to define causality with respect to transmission because
of limitations in study design, extensive covert studies have uniformly confirmed that opportunities for
improving environmental cleaning can be identified in many healthcare settings.”
Additionally, Boyce, et al. (2010) found substantial variations in the amount of time spent cleaning
high-touch surfaces, in the number of disinfectant wipes used in each room, and in the level of cleanliness
achieved by hospital housekeepers.
A number of studies have shown that improved environmental cleaning and disinfection decreases HAP
contamination of surfaces. Carling (2013) notes that in four studies objectively evaluating thoroughness of
environmental cleaning over many months, contamination of patient zone surfaces decreased an average
of 64 percent as a result of an average 80 percent improvement in thoroughness of disinfection cleaning.
Carling (2013) adds, “Although the complexity and cost of studies to evaluate the impact of decreased
patient zone HAP contamination on acquisition has limited such undertakings, two landmark studies found
similar statistically significant results. The 2006 study by Hayden, et al., which confirmed a 66 percent
reduction in VRE acquisition as a result of a 75 percent improvement in thoroughness of environmental
cleaning, as well as the more recent study by Datta, et al., which found a 50 percent reduction in MRSA
acquisition and a 28 percent in VRE acquisition as a result of an 80 percent improvement in environmental
cleaning, clearly show that direct patient safety benefits can be realized by improving the thoroughness
of patient zone disinfection cleaning.”

30% 60%
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It is important to improve environmental cleaning practices, but it is
critical to monitor for performance improvement. The CDC developed a
A number of
toolkit that encourages all hospitals to develop programs that comply with
studies have shown
the 2003 CDC recommendation to “implement procedures that ensure
consistent cleaning and disinfection of surfaces closely approximated to the
that improved
patient and likely to be touched by the patient and healthcare workers.”
environmental
The toolkit guides healthcare facilities in developing two-tiered programs to
cleaning and
objectively evaluate and improve the thoroughness of environmental cleaning
disinfection decreases
with particular regard to terminal patient-room cleaning (Guh and Carling,
HAP contamination
2010). The CDC toolkit, outlines five methods or systems that can be used
to objectively monitor cleaning practice if performed as recommended:
of surfaces.
direct practice observation, swab cultures, agar slide cultures, fluorescent
markers and adenosine triphosphate bioluminesence.
Carling (2013) says that, “There are substantial limitations to evaluating cleaning practice in healthcare
settings by traditional ‘environmental rounds.’ Therefore, the CDC document recommends that each
hospital carefully consider the advantages and limitations of all thoroughness of cleaning monitoring
approaches prior to deciding which system or combination of systems best meets their institutional needs.”
Most importantly, environmental cleaning should be part of a multi-modal approach. As Carling
and Huang (2013) emphasize, “There is a clear need for there to be a coordinated approach to jointly
optimizing all basic infection prevention practices (e.g., hand hygiene, compliance with contact precautions,
and prevention bundles) and environmental hygiene practice. As an example, nearly all US hospitals are
highly invested in hand hygiene optimization, whereas relatively few have partnered with EVS workers
to implement objective monitoring and feedback (CDC level 2) programs to ensure optimal disinfection
cleaning of rooms, common areas and orphan items. Since focusing on one modality and not the others
will blunt the impact of infection prevention strategies on pathogen transmission, there is a clear need
to concomitantly optimize these essential prevention practices. Indeed, failure to simultaneously maintain
high compliance across all these processes may limit the benefit of uni-modal campaigns, as evidenced
by the marginal clinical benefit of improved hand hygiene practice in well-resourced healthcare settings.”

The Future of Environmental Hygiene
It’s clear that advancing the environmental hygiene agenda will require further research. As Donskey
(2013) notes, “Studies are needed to clarify several 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
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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.”
Carling and Huang (2013) emphasize the need to “move environmental hygiene research from evaluation
of practice to evaluation of objectively defined and reproducible clinically meaningful outcomes.” And
add, “While many studies have successfully introduced objective process measures for the thoroughness of
disinfection cleaning practice and environmental contamination by clinically important bacterial pathogens,
there is a need for large, well-conducted studies that use pathogen acquisition and clinical infection as
outcomes to quantify the clinical impact of disinfection cleaning agents and thoroughness of practice.
Such outcome studies, although logistically more complex and costly, provide critical validation of the
value of improving routine disinfection cleaning practice. A few such studies of pathogen acquisition
have been performed but larger, more generalizable ones are needed. For example, further investments
can and should be made to conduct studies comparing the effectiveness of various cleaning protocols,
practices, agents, and application systems on common healthcare-associated pathogens, such as MRSA,
VRE, and Acinetobacter. Such clinical studies should compare new interventions to a standard of thorough,
high-compliance, traditional disinfection cleaning based on objective monitoring to separate out process
from the effectiveness of the agent or application system.”
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