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The Case for Cleaning Prior to Disinfection
EXECUTIVE SUMMARY
Cleaning and disinfection have long been routine

This has important ramifications in the era of so-

components of any facility's operations. Yet, they

called “no touch” disinfection technologies such as

have been moved from the sidelines to center

UV-C light, misting/fogging, or electrostatic

stage by the recent COVID-19 pandemic.1 Yet, as

spraying. Experts caution that these technologies

facilities seek to enhance these practices, it is

are a successful adjunct, but not substitute, for

imperative to bear in mind that there is a necessary

manual cleaning. (3,32-33) In fact, studies have

order to the process. As stated by the Centers for

shown that many of these technologies have

Disease Control and Prevention (CDC), cleaning is

reduced efficacy in the presence of organic matter

“the necessary first step of any sterilization or

and soils. Accordingly, while the CDC’s

disinfection process” or, more simply, you must

recommendation to clean first, then disinfect

clean before you can disinfect. (2)

predates the widespread use of these
technologies, it remains both valid and necessary

The rationale for this two-step approach is rooted

and the reason why a two-step process is endorsed

in the very reasons we clean and disinfect in the

by an overwhelming consensus of government,

first place: to render surfaces aesthetically

accrediting, and professional organizations across

appealing by removing debris and soils and, most

a range of industries. (23,34-42)

importantly, to reduce environmental infection
transmission risk. Research continues to show that
contact with contaminated surfaces can lead to
infection transmission in a variety of settings,
ranging from hospitals to hotels. (3)-11 It has also
shown just how pervasive that contamination can
be. (12-22) Cleaning, in this context, is designed to
remove as many microorganisms as possible, but
also to remove the debris and matter that can

The rationale for this two-step
approach is rooted in the very
reasons we clean and
disinfect in the first place: to

interfere with the disinfection process. (2-3,23-2)

render surfaces aesthetically

Mechanical action is a key element in this removal.

appealing by removing debris

(2) The force or friction applied is what actually
facilitates the removal of matter, be it dirt or
microbes, which is why the CDC acknowledges

and soils and, most
importantly, to reduce

that the physical act of wiping or scrubbing a
surface to remove microorganisms and soil is “as
important, if not more so than the antimicrobial
effect” of any chemical applied to it. (2) This is

environmental infection
transmission risk.

critical, because a disinfectant can only work if it
makes direct contact with a microorganism—a
process hindered when soils remain on a surface,
“protecting” the microbe from the chemical. (3,23-
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24) Further, many disinfectants are inactivated in
the presence of soils and organic matter.
(23,25,27)

The physical act of cleaning a surface also
mitigates a longer-term risk—that of biofilm
formation. (28-29) One of the first stages in the
formation of these notoriously challenging public
health threats is the build-up of a conditioning film
or layer of matter, from dirt to detergent residue,
left on a surface. (28-31) Put simply, if left on a
surface, these residues can serve as the building
blocks for biofilms.
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The Case for Cleaning Prior to Disinfection
INTRODUCTION
Cleaning surfaces prior to disinfection has long
been established as a necessary step to achieve
optimal removal and elimination of surface
contamination. (2) Both the Centers for Disease
Control and Prevention (CDC) and the
Environmental Protection Agency (EPA), the
regulatory body for chemical disinfectants used on
noncritical surfaces, strongly endorse this principle.
(2,43) In the Guidelines for Environmental Infection
Control, the CDC unequivocally states “Cleaning is
the necessary first step of any sterilization or
disinfection process. Cleaning is a form of
decontamination that renders the environmental
surface safe to handle or use by removing organic
matter, salts, and visible soils, all of which interfere

…the CDC unequivocally
states 'Cleaning is the
necessary first step of any
sterilization or disinfection
process. Cleaning is a form of
decontamination that renders
the environmental surface
safe to handle or use by

with microbial inactivation.” (2)

removing organic matter, salts,

Although a timeless principle, the role of cleaning

and visible soils, all of which

and disinfection has garnered heightened attention
owing to the COVID-19 pandemic.1 As facilities of
all types seek to ensure a safe environment for
their occupants by developing and implementing

interfere with microbial
inactivation.'

environmental infection control procedures, it is
critical to understand the research and rationale
behind the recommendation to “clean first” in order
to achieve the desired outcome—a reduced risk of
environmental infection transmission

WHY WE CLEAN AND DISINFECT
There are a number of reasons why we clean

Research has shown that when people make hand

(remove dirt, debris, and microbes) and disinfect

contact with a contaminated surface, their hands

(kill microbes) surfaces, (2) beginning with the

can become contaminated with the same

obvious goal of rendering a surface or space

pathogens on that surface and they can

aesthetically appealing. A dusty or soiled surface

subsequently inoculate or infect themselves or

arguably holds little appeal, whether it is a

another individual if proper hand hygiene is not

classroom desk, a hotel sink, or a hospital bedside

performed. Though the risk of environmental

table. It could also be argued that, regardless of

infection transmission has been widely

the setting, “clean” facilities imply a certain degree

acknowledged in healthcare settings for a

of care and attention to operational detail that

number of years, the COVID-19 pandemic has

could only help how a business or organization is

brought the issue into greater focus across a wide

perceived. (44) Hospitals are, in fact, reimbursed

range of facilities. (1) Evidence that SARS-CoV-2,

for services by the Centers for Medicare and

the virus responsible for COVID-19, can persist on a

Medicaid Services based in part on how clean

variety of surface materials for hours to days has

patients perceive them. (45)

fueled concerns about the risk for a contaminated
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surface, or fomite, to transmit infection. (46-49)
There is, however, a more pressing reason to clean

Research has shown that surface contamination in

and disinfect—the risk of environmental infection

the rooms of COVID-19 patients can be

transmission. (3) When it comes to contaminated

widespread, with some studies demonstrating as

surfaces, the chain of events for environmental

many as 50 to 87 percent of surfaces testing

infection is relatively straightforward: surfaces to

positive for the virus, though the extent to which this

hands to self-inoculation or inoculation of others

recovered virus remains infectious is not clear. (5051) This information, along with what researchers
know about how other respiratory viruses can be
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spread, has led to recommendations for enhanced
cleaning and disinfection methods during the
pandemic from a broad range of government,
accrediting, and professional organizations.
(43,52-56)

The Case for Cleaning Prior to Disinfection
INTRODUCTION
The goal is simple: by removing the virus from
surfaces with effective cleaning and disinfection,
the risk of people touching contaminated surfaces,
subsequently touching their eyes, nose, or mouth
(i.e. mucous membranes) with contaminated hands,
and ultimately becoming infected can be reduced.
(47) Fomite transmission is not a new concept.
Scientific literature includes a robust body of
evidence demonstrating the important role that
contaminated surfaces play in the transmission of a
variety of pathogens. (3-6) Much of this evidence
comes from the healthcare setting in which it has
become well-established that a contaminated
environment increases the risk of acquiring a
healthcare-associated infection. (3)

“pathogens have been
demonstrated to persist in the
environment for days (in some
cases months), frequently
contaminate the
environmental surfaces in
rooms of colonized or infected
patients, transiently colonize
the hands of health care

As stated by Drs. Rutala and Weber in their
review of best practices for disinfection of
non-critical surfaces and equipment in
healthcare facilities, research has shown that
clinically relevant “pathogens have been
demonstrated to persist in the environment
for days (in some cases months), frequently

personnel, can be transmitted
by health care personnel, and
cause outbreaks in which
environmental transmission

contaminate the environmental surfaces in rooms
of colonized or infected patients, transiently

was deemed to play a role.”

colonize the hands of health care personnel, can
be transmitted by health care personnel, and cause
outbreaks in which environmental transmission was

gastroenteritis, (57) has been recovered from

deemed to play a role.” (3) Infected or colonized

surfaces ranging from light switches and door

individuals can shed pathogens onto surfaces

handles in office buildings, to desktops and paper

where they can survive and be passed on to the

towel dispensers in classrooms, to carpets and

next individual who touches that contaminated

curtains in homes.(14,17-19) Human parainfluenza

surface. (3) Studies have even shown that a

viruses (HPIV), a common source of respiratory

healthcare provider caring for a patient colonized

illness and a pathogen known to be transmitted via

or infected with multidrug-resistant organisms are

fomites, have been recovered from computer

as likely to contaminate their hands after contact

keyboards, telephones, and desktops in office

with a contaminated surface in the patient’s room

buildings with one study showing as many as 37

as they are after contact with the patient

percent of surfaces sampled to be contaminated.

themselves. (7)

(14) Another culprit, rhinovirus, which is responsible
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for the majority of common colds in humans, was
Though less well studied, fomite transmission has

found on 41 percent of 160 surfaces in the homes of

also been documented in a variety of non-

infected individuals. (15) In a study of 14 day care

healthcare settings. Outbreaks of infection have

centers and 8 homes, influenza A virus was

occurred in venues ranging from hotels to schools

recovered from 53 and 59 percent of surfaces,

to cruise ships to airplanes. (8-11) Research has also

respectively, during flu season. (17)

shown the extent to which surfaces in homes, office
spaces, schools, and public transportation can be

Bacteria are similarly implicated in environmental

contaminated with microorganisms, including those

contamination. A study of 291 households in New

known to cause infectious disease. (12-17) For

York City found environmental contamination with

example, norovirus, a highly contagious virus and

Staphylococcus aureus in 54 percent of homes

the most common cause of epidemic

while a study of athletic facilities in 10 Ohio schools
found methicillin-resistant Staphylococcus aureus
(MRSA) on 46.7 percent of sampled surfaces. (2021) Other research has recovered MRSA from
surfaces ranging from cellular phones to handrails
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on public buses to handbags. (14)

The Case for Cleaning Prior to Disinfection
INTRODUCTION
The risk doesn’t just lie with MRSA. A study of
bacterial bioburden in office buildings in three
different cities identified over 500 different genera
of bacteria on sampled surfaces.16 And the most
contaminated culprits may not always be the most
obvious, as evidenced by Kandel et. al who found
that elevator call buttons had a higher degree of
bacterial colonization than toilet surfaces (43%)
with the most common bacteria on both
surfaces being Staphylococcus, Streptococcus,

“We live in a microbial world…
inanimate objects in
the built environment…are host
to an entire community
composed of a wide variety of

and coliform bacteria. (22)

bacterial, viral, archaical,

As Stephens et al. state in a review of fomite

protistan, and fungal

transmission, “We live in a microbial world…
inanimate objects in the built environment…are host
to an entire community composed of a wide variety

organisms,including potential
pathogens and microbial

of bacterial, viral, archaical, protistan, and fungal
organisms, including potential pathogens and
microbial metabolic products harmful to
humans.”14 In other words, microbial contamination
of inanimate surfaces, including with potential
pathogens, is ubiquitous—whether it is a school, an
office, a house, or a public space. Cleaning, in this
context, is designed to mitigate infection risk—to
clean or remove dirt, debris, and potential
pathogens from the surfaces and thereby reduce
the chance that contact with that surface will result
in hand contamination and, ultimately, infection. (3)
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metabolic products harmful to
humans.”

The Case for Cleaning Prior to Disinfection
THE 'MUSCLE' OF MECHANICAL ACTION
The CDC’s definition of cleaning describes what

There is also evidence that the amount of friction

the process accomplishes—the removal of organic

applied is important, (23,61 ) suggesting that the

matter, salts, and visible soils, all of which interfere

cleaning outcome from a light swipe might be very

with microbial inactivation—but it also describes

different from a heavier hand. The Minnesota

how it is achieved: “The physical action of

Department of Health advises that “the amount of

scrubbing with detergents and surfactants and

mechanical action (i.e. friction produced by wiping

rinsing with water removes large numbers of

or scrubbing) will affect how greatly the microbial

microorganisms from surfaces.” (2) This is a critical

population is reduced.” (23) In a study of different

point, because it underscores the fact that,

wiping techniques, Rigotti et al. conclude, “it seems

according to the CDC’s definition of cleaning, you

that the cleaning/disinfection efficiency is more

cannot technically “clean” a surface without first

based on its dirtiness removal capacity by means of

physically removing the matter found on it.

applying enough friction than on the mere rubbing
of moistened cloth in predetermined directions.”

That friction or mechanical action is at the heart of

(61) Accordingly, use of friction or mechanical

cleaning is a message that resonates throughout

action is a component of a wide range of cleaning

cleaning and disinfection recommendations and

recommendations and guidelines, including those

guidelines. Defining mechanical action as “the

from the aforementioned government agencies as

physical action of cleaning—rubbing, scrubbing,

well as those from accrediting organizations such

and friction,” the CDC advises when cleaning,

as The Joint Commission and professional

“Wipe surfaces…making sure to use mechanical

organizations such as the National Association for

action” as “the actual physical removal of

the Education of Young Children, and the

microorganisms and soil by wiping or scrubbing is

American Federation of Teachers. (2,23,35,59,62-

probably as important, if not more so, than any

63)

antimicrobial effect of the cleaning agent used.”
(2,58) Similarly, the EPA defines cleaning as “the
process that physically removes debris from the

A MATTER OF INTERFERENCE

surface by scrubbing, washing, and rinsing” and the
Canadian Provincial Infectious Diseases Advisory

The mechanical action involved in effective

Committee states, “It is a fundamental principle

cleaning plays an important role in the

that microorganisms can only be successfully

recommended sequence of cleaning and

removed and/or inactivated if dirt and debris are

disinfection or the “ (2)-step” clean first, then

completely removed. To achieve the removal of dirt

disinfect method. (2,64) This is because cleaning

and debris, friction (e.g. elbow grease) is critical.”

not only reduces the microbial population on a

(35,59)

surface, but also removes organic and inorganic
matter that can significantly interfere with

Studies have supported that friction or mechanical

disinfection. (2-3,23-24-26) The CDC defines

action is at the heart of cleaning—it is what

cleaning as the “necessary first step” in any

facilitates the actual removal of dirt, debris,

disinfection process for “at least two” important

microbes, and soils, rendering a surface ready for

reasons: it removes any barrier between the

disinfection when necessary. (60-61) In a study

disinfectant and the targeted pathogen and it

comparing the efficacy of three disinfectants

removes matter that could potentially inactivate the

delivered by conventional hydraulic spraying,

disinfectant. (27)
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electrostatic spraying, or wiping with towelettes,
Bolton et al. found wiping with the towelette, after

In order to effectively kill pathogens, disinfectant

saturating it in the disinfectant, to be most

chemicals must have direct contact with the

effective, concluding that, “the mechanical action

pathogen; however, soils, dirt, and debris can coat

of the wipe application likely helped to dislodge

or protect microorganisms, essentially serving as

viruses from the surface and to facilitate greater

a protective barrier between the chemical and

penetration of the sanitizer into the inoculated

the target. (3,23-24)

area.” (60)
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The Case for Cleaning Prior to Disinfection
Additionally, many disinfectants are inactivated in
the presence of soils and organic matter, rendering
them unable to kill microbes. (23-27) Research has
shown that chemical and/or electrostatic
interactions between the disinfectant and organic
matter are responsible for this inactivation,65
rendering many common chemical agents including
bleach, quaternary ammonium compounds,
alcohols, and iodophors unable to exert
their disinfective action. (3,27,66-67) In their
mathematical modeling study of the effect of
interfering substances on the disinfection process,
Lambert and Johnston conclude “disinfection
without substantive cleaning may limit
effectiveness or even simply be a wasteful
exercise…disinfection without cleaning is known to
lead to a reduction in efficacy. Whether the
hygiene standards are borne in a hospital, factory,
or home, the same criteria apply: the reduction of
risk can be accomplished by good practices—
actively encouraged and seen to be operating with
a good cleaning and disinfection regime.” (25)

Additionally, many disinfectants are inactivated in
the presence of soils and organic matter, rendering
them unable to kill microbes. (23-27) Research has
shown that chemical and/or electrostatic
interactions between the disinfectant and organic
matter are responsible for this inactivation, (65)
rendering many common chemical agents including
bleach, quaternary ammonium compounds,
alcohols, and iodophors unable to exert their
disinfective action. (3,27,66-67) In their
mathematical modeling study of the effect of
interfering substances on the disinfection process,
Lambert and Johnston conclude “disinfection
without substantive cleaning may limit effectiveness
or even simply be a wasteful exercise…disinfection
without cleaning is known to lead to a reduction in
efficacy. Whether the hygiene standards are borne
in a hospital, factory, or home, the same criteria
apply: the reduction of risk can be accomplished by
good practices—actively encouraged and seen to
be operating with a good cleaning and disinfection
regime.” (25)

BUILD-UP TO BIOFILM
Another important rationale for cleaning prior to
disinfecting has less to do with the immediate
action of a disinfectant on a surface and more to
do with the prevention of a future problem—biofilm
formation. (28-29) Biofilms are populations of
microorganisms that are attached to a solid
surface and protected by a “slime layer” or
extracellular matrix of polysaccharides and
noncellular materials. (30,69-70) In the environment,
they present a significant challenge because they
are difficult to remove from surfaces and difficult to
penetrate with disinfectants. Biofilms can form on
virtually any hard surface, from a countertop to a
water pipe and have been implicated in a range of
infectious diseases. (30,69-74) They are particularly
notorious in the food industry in which outbreaks
caused by pathogens such as Bacillus cereus,
enterohemorrhagic Escherichia coli, and Listeria
monocytogenes have been linked to biofilms on
food processing equipment or surfaces.73 Other
examples of biofilm-mediated infectious disease
include spread of Legionella pneumophila from
biofilms on showerheads and Pseudomonas
aeruginosa from biofilms on faucets/taps, sink and
shower drains. (72,74)

Importantly, one of the first stages in biofilm
formation is the development of a layer of
adsorbed material called a conditioning film which
plays an integral role in the attachment of the
biofilm to the surface. (28,30,31) This layer or
conditioning film can be comprised of a variety of
materials left on a surface—from dirt to detergent
residue, underscoring the importance of cleaning
surfaces in order to remove all types of matter.
(28,31) In an article on biofilms and the food
processing environment, Koo et al. state, “Frequent
cleaning on a regular basis is required to remove
and prevent any adsorbed organic material (food,
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soil, and environment), inorganic material (residue

of cleaning agent) and microorganisms. With failure
of removing chemical and biological residue, this
will create conditioning films for the initial step of
biofilm formation, facilitate cell attachment, and
eventually become hard to remove.” (29) In this
context, cleaning serves not only to remove dirt,
debris and microorganisms to facilitate the
short-term cleaning and disinfection of a surface,
but also to mitigate the potential long-term
consequences of leaving particulate traces behind.
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The Case for Cleaning Prior to Disinfection
CLEANING IN THE NO-TOUCH TECHNOLOGY ERA
The past decade has heralded a new dimension in

Bolton et al.’s conclusion is one echoed by many

cleaning and disinfection with the development of

experts in the field, including those whose research

automated or “no-touch” decontamination

advocates for the use of no-touch technologies.

technologies. (3) The growing evidence behind

(3,32-33) In his review of modern technologies for

environmental transmission risk, the emergence of

improving cleaning and disinfection of

pathogens such as SARS-CoV-2 and Candida

environmental surfaces in hospitals, Boyce states

auris, and studies highlighting the often suboptimal

that despite the advancements in new

performance of manual cleaning and disinfection

technologies, manual cleaning and disinfection of

have fueled the expansion of these technologies

surfaces remain “essential elements of infection

across a spectrum of settings. While research has

prevention programs.“ (32) Weber et al, in their

shown that many of these systems, from ultraviolet

review of UV-C and HPV technologies, conclude,

(UV-C) light to hydrogen peroxide vapor (HPV) to

“Because UV devices and hydrogen peroxide

electrostatic sprayers, can reduce microbial

systems will not physically clean a room (e.g.,

contamination, experts caution that they should be

remove dust or stains), room cleaning must

used as an adjunct to standard manual cleaning

precede disinfection. ‘No touch’ systems should be

and disinfection rather than as a substitute. (3,32-

seen as adjunctive methods of room

33) This is owing to the fact that none of these

decontamination.” (33) Similarly, Rutala and Weber,

technologies are capable of cleaning a room in

in a review of best practices for disinfection of

accordance with the CDC’s definition, and, in fact,

noncritical surfaces and equipment in healthcare,

many of the technologies have reduced efficacy in

caution that no-touch technologies, “supplement,

the presence of organic matter or soils. (3,33,75-77)

but do not replace, standard cleaning and
disinfection because surfaces must be physically

Organic load—dirt, soils, etc.—has been well

cleaned of dirt and debris.” (3)

established as a limiting factor for UV-C
technology. (3,75,78) In a comparison of two

The CDC has not yet published recommendations

different UV-C devices, Nerandzic et al. found that

supporting the use of no-touch technologies,

“both a light and heavy organic load had a

including UV-C, HPV, and electrostatic spraying,

significant negative impact on the killing efficacy of

citing a need for additional research. (27) The EPA,

the devices.” (75) Similarly, research has also shown

though expediting review of disinfectants for indoor

that organic load limits the efficacy of no-touch

use with electrostatic sprayers against SARS-CoV-

hydrogen peroxide technologies. (76) Fu et al.

2, advises that “for now” the CDC recommends use

found that both HPV and aerosolized hydrogen

of liquid disinfectant products on contaminated

peroxide systems demonstrated reduced efficacy

surfaces, providing a link to the CDC’s guidance

against certain pathogens, including methicillin-

which includes the directive to clean surfaces prior

resistant Staphylococcus aureus, in the presence of

to disinfecting. (79) Organizations that do promote

organic load. (76) While the decontamination

the use of some of these technologies, including for

efficacy of electrostatic sprayers has been less well

example, the U.S. Army Public Health Center and

studied, in the aforementioned study by Bolton et

Public Health Ontario, both of whom support use of

al. in which mechanical wiping with sanitizer

electrostatic sprayers, recommend cleaning

proved more effective than electrostatic spraying

surfaces prior to disinfection with the technology.

of the sanitizer for the removal of a norovirus, the

(77,80) Similarly, in their 2019 guidance, the

authors conclude that, “electrostatic spray

American Society of Heating, Refrigerating, and

application methods are best suited for pre-

Air-Conditioning Engineers (ASHRAE) advise, “UVC

cleaned surfaces where there is no soil to

surface disinfection should only be applied as an

dislodge.” (60) Further, they advise, “Our findings…

adjunct to normal surface cleaning procedures of

suggest that the cleaning of surfaces prior to

the facility.” (78) “Even among manufacturers of the

sanitation will result in greater virus removal and

no-touch technologies, there are directives to clean

inactivation.” (60)

surfaces prior to use of the various systems in
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keeping with the CDC’s 2-step cleaning and
disinfection recommendation. (81-83) Collectively,
the message is simple: no-touch technologies do
not eliminate the need for the physical cleaning of
surfaces; in fact, their efficacy is dependent on it.
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