Journal of Hospital Infection (2009) 73, 378e385

Available online at www.sciencedirect.com

www.elsevierhealth.com/journals/jhin

REVIEW

The role of environmental cleaning in the control
of hospital-acquired infection
S.J. Dancer*
Department of Microbiology, Hairmyres Hospital, East Kilbride, UK
Available online 1 September 2009

KEYWORDS
Acinetobacter;
Environmental
cleaning;
C. difficile;
Hospital-associated
infection;
Infection control;
MRSA;
Norovirus;
VRE

Summary Increasing numbers of hospital-acquired infections have generated much attention over the last decade. The public has linked the socalled ‘superbugs’ with their experience of dirty hospitals but the precise
role of environmental cleaning in the control of these organisms remains
unknown. Until cleaning becomes an evidence-based science, with
established methods for assessment, the importance of a clean environment
is likely to remain speculative. This review will examine the links between
the hospital environment and various pathogens, including meticillin-resistant Staphylococcus aureus, vancomycin-resistant enterococci, norovirus,
Clostridium difficile and acinetobacter. These organisms may be able to survive in healthcare environments but there is evidence to support their vulnerability to the cleaning process. Removal with, or without, disinfectants,
appears to be associated with reduced infection rates for patients. Unfortunately, cleaning is often delivered as part of an overall infection control package in response to an outbreak and the importance of cleaning as a single
intervention remains controversial. Recent work has shown that hand-touch
sites are habitually contaminated by hospital pathogens, which are then delivered to patients on hands. It is possible that prioritising the cleaning of
these sites might offer a useful adjunct to the current preoccupation with
hand hygiene, since hand-touch sites comprise the less well-studied side of
the hand-touch site equation. In addition, using proposed standards for
hospital hygiene could provide further evidence that cleaning is a cost-effective intervention for controlling hospital-acquired infection.
ª 2009 The Hospital Infection Society. Published by Elsevier Ltd. All rights
reserved.
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Introduction
There has been much debate over hospital cleanliness and increasing numbers of hospital-acquired
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Environmental cleaning and HAI
infections (HAIs). The public have linked their
visual experience of dirty hospitals with the risk
of HAI but there is little evidence to support this at
present.1 Cleaning has never been regarded as an
evidence-based science and consequently receives
little attention from the scientific community.
Since there are no scientific standards to measure
the effect of an individual cleaner, or assess environmental cleanliness, finding the evidence for
benefit in the control of infection is further hampered.2 There are always basic aesthetic considerations that cannot be disregarded; a perception of
cleanliness, however defined, is expected for
patients, their relatives and staff from healthcare
environments.
Cleaning is routinely monitored by visual audit
in the UK. Looking to see if a ward is clean may
fulfil aesthetic obligations but it does not provide
a reliable assessment of the infection risk for an
individual patient on that ward.3 The organisms
that cause infection are invisible to the naked
eye and their existence is not necessarily associated with the presence of visual dirt. Furthermore,
the impression of cleanliness is confounded by
clutter, and fabric and maintenance deficits.4
Visual assessment will inevitably be subject to
bias under these circumstances. It is more difficult
to clean a crowded, cluttered environment,
perhaps related to a cleaner’s incentive, when
confronted with peeling plaster, cracked tiles or
worn floor coverings.4
Sites that are frequently touched by hands are
thought to provide the greatest risk for patients,
and those situated right beside patients provide
the biggest risk of all.5e7 The responsibility for
cleaning near-patient hand-touch sites does not
always rest with the ward cleaners, however, since
beds, drip stands, lockers and overbed tables are
more usually cleaned by nurses.7,8 Nurses are
also responsible for the decontamination of more
delicate clinical equipment. This overlapping of
cleaning responsibilities has created some confusion; it has also meant that cleaning opportunities
of some items are missed or abandoned.9,10
The microbial pathogens that cause HAI have
two special properties: first, they are recognised
as hospital pathogens; second, they have an innate
ability to survive on surfaces in the hospital
environment for long periods of time.1 They include organisms such as meticillin-resistant Staphylococcus aureus (MRSA), Clostridium difficile,
vancomycin-resistant enterococci (VRE), Acinetobacter spp. and norovirus.1,6 This mini-review
will summarise the evidence for the presence
and survival of these organisms in the clinical environment as well as support for cleaning as a valid
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infection control intervention for patients. There
will also be some discussion on the measurement
of ‘cleanliness’ of the healthcare environment
and why this is important for future work evaluating the role of hospital cleaning and HAI.

Meticillin-resistant Staphylococcus
aureus
MRSA resists desiccation and can survive in hospital
dust for up to a year.11 It is found throughout the
hospital environment, particularly around patients
known to be colonised or infected with the bacterium. Molecular fingerprinting of these strains
shows that MRSA-positive patients tend to shed
their own strain of MRSA into the near-patient
environment.12 If staff enter a room containing
an MRSA patient, two-thirds of them will acquire
the patient’s strain on gloved hands or apron.12
Even if they do not touch the patient directly,
four in ten will still exit the room carrying the
patient’s strain of MRSA on hands or apron.12
MRSA can be found on general surfaces such as
floors and radiators, furniture such as beds and
lockers, and clinical equipment.7e10,12e14 Some
sites, e.g. linen, curtains, beds, lockers and
overbed tables, tend to harbour MRSA more
frequently than others.7,8,13 It is thought that
contamination of near-patient hand-touch sites
provides the biggest risk of MRSA acquisition for
patients.2,6 In addition, there is a small but significant increase in the risk of acquiring MRSA if a patient is admitted into a room previously occupied
by carrier patients.15
There is some evidence that cleaning removes
MRSA from the ward environment with benefit for
patients.6,16 An outbreak of MRSA lingered for several months on a urological ward, resisting all the
usual infection control interventions such as promotion of hand hygiene and isolation of patients.16
The investigating team found the outbreak strain
of MRSA scattered throughout the ward environment and doubled the number of domestic cleaning hours from 60 per week to 120. Following
this, there was no further isolation of the outbreak
strain from the environment and the number of patients affected decreased immediately. The cleaning intervention was thought to have played
a significant role in the termination of the outbreak and was estimated to have saved at least
£28,000.16
Another outbreak of glycopeptide-intermediate
S. aureus (GISA) in an intensive therapy unit
proved difficult to control until a wave of further
control measures, including enhanced cleaning,
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was introduced.17 The outbreak encompassed two
patient clusters, although genotyping showed that
all cases were caused by the same strain. The
second cluster occurred despite the institution of
maximum contact-isolation procedures. This directed attention towards the inanimate environment as the major source of contamination, since
it was thought that re-emergence of the strain
could be explained by its ability to survive on inert
surfaces. The meticulous cleaning procedures
finally implemented probably helped to stop the
outbreak, although it was not possible to determine the relative roles of barrier precautions and
environmental decontamination in eradicating
the strain.17
Outwith the outbreak situation, another study
examined the effects of enhanced cleaning on two
matched surgical wards in a controlled cross-over
trial for two six-month periods.18 There were nine
ward-acquired MRSA infections during routine
cleaning periods, but only four when the wards received extra cleaning, notably targeting handtouch sites and clinical equipment. More MRSA patient-days during the enhanced cleaning periods
predicted at least thirteen new cases instead of
the four that actually occurred. The study concluded that targeted cleaning using detergent
wipes and water could be a cost-effective mechanism of reducing MRSA infection on a surgical
ward.18

Vancomycin-resistant enterococci
VRE are not credited with the same degree of
pathogenicity as MRSA, but they may still cause
infections in vulnerable patients, including outbreaks that are difficult to control. In addition, the
vanA gene has been shown to transfer to MRSA,
making the latter even more difficult to treat.19
Part of the problem of controlling VRE in hospitals
is due to their extreme longevity in the hospital
environment and their resistance to routine cleaning.1 Even bleach-based cleaning sometimes fails
to eradicate these hardy organisms.20 Contact
with contaminated surfaces in the rooms of colonised patients results in transfer of VRE to gloved
hands, despite cleaning with disinfectants.5,21,22
In addition, patients admitted into rooms previously accommodating patients with VRE are themselves more likely to acquire the organism.15
It has already been suggested that environmental cleaning might be important in the control of
VRE.23 Additional work has highlighted its presence
on hand-touch sites near the patient, just as for
MRSA.10,22 A recent paper describes the impact of
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improved environmental cleaning on the spread
of VRE in a medical intensive care unit (ICU),
with and without promotion of hand hygiene compliance.24 In this study, there were four periods:
the first served as a baseline period without any
interventions; the second began after a 30 day
period during which there was an education and
intensified observation programme to improve
cleaning; the third served as a ‘washout’ period
without further interventions; and the fourth included an intensive hand hygiene campaign. The
study found that enforcing cleaning measures
along with encouraging hand hygiene was associated with less surface contamination with VRE,
cleaner healthcare worker hands and a significant
reduction in VRE cross-transmission among
patients. The authors concluded that decreasing
environmental contamination might help to
control the spread of VRE in hospitals.24

Clostridium difficile
C. difficile is a spore-forming anaerobe that has
been recovered in abundance from the environment of symptomatic patients.1,25 The more
patients there are with C. difficile on the ward,
the more likely it is that other patients will also acquire the organism.26 Environmental contamination with spores is now well accepted as a risk
factor for the acquisition of C. difficile.27 Furthermore, as the level of environmental contamination
increases, so does the amount of C. difficile on the
hands of healthcare workers, and once again nearpatient hand-touch sites are regarded as a particular risk.25,28
Having established that there is a dynamic
transmission cycle for C. difficile similar to that
for MRSA, there is additional evidence to support
the value of cleaning in its control.1,29e31 Following a rise in C. difficile cases, one hospital introduced enhanced cleaning with hypochlorite into
two ICUs.31 One of the ICUs applied the extra
cleaning to all areas, including rooms used solely
by staff, and sensitive clinical equipment was
wiped over twice daily using hypochlorite-impregnated cloths. The other unit introduced the intensive hypochlorite clean into isolation rooms
housing patients already infected with C. difficile.
Rates of infection decreased in both units over several months and appeared to be maintained at
a lower rate for at least two years after the cleaning intervention, despite some relaxation of the
initial regimen.31
Infection control teams do not question the
importance of thorough environmental cleaning
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for controlling C. difficile, although whether
cleaners should use disinfectants or detergents
for routine cleaning continues to be hotly debated.25,29,30 Although bleach cleaning certainly
appears to have an effect on both environmental
contamination and patient acquisition of C. difficile, it could be the increased physical effort of
enhanced cleaning that contributes towards the
overall result rather than a direct effect of the
bleach itself.30 It is known that cleaning of toilets
and other sites using appropriate disinfectants
does not totally remove all traces of C. difficile.27,30,32,33 It is likely that agreement on the
best way of removing C. difficile from the environment will elude us for some time to come.

Acinetobacter
Acinetobacter can also be recovered from the
hospital environment with ease, including inanimate hand-touch sites near the patient.34 Seeding
clinical and environmental strains onto Formica
surfaces demonstrated survival of between one
and two weeks, although some strains are known
to survive for much longer.35 The importance of
cleaning in controlling outbreaks of Acinetobacter
spp. has been emphasised in previous studies.36,37
One of these describes an outbreak caused by multiply resistant strains of A. baumannii involving
more than thirty patients in two ICUs.37 Environmental contamination was recognised as an important reservoir of the epidemic strains and the
outbreak ceased only after both ICUs were closed
for terminal cleaning and disinfection.37
Another study examined the levels of environmental
contamination with acinetobacter in a neurosurgical
ICU during a prolonged outbreak.38 As with MRSA
and C. difficile, there were many near-patient
hand-touch sites that yielded the epidemic strain.
This study also demonstrated a significant association between the amount of environmental contamination and patient colonisation. The
conclusion was that high standards of cleaning
play an integral role in controlling outbreaks of
acinetobacter in the intensive care setting, although once again, little is known about the best
way to clean in non-outbreak settings.38
A further study describes what happened following the introduction of bedside computers in
a paediatric burns ward.39 There was a sudden
increase in the number of patients acquiring acinetobacter and environmental screening demonstrated the organism on various surfaces in the
patients’ rooms, especially the plastic covers
over the bedside computer keyboards. Targeted
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infection control measures that included the use
of gloves before using the computer and thorough
disinfection of the plastic covers effectively terminated the outbreak. Up until the outbreak occurred, no one had thought to include the
computer keyboards in a routine cleaning specification.39 Similarly, during a period of high endemicity of acinetobacter in another burns unit,
the endemic strain was identified from surfaces
close to the patient, including bed linen, medication table and the display surface of an overbed
monitor.40

Norovirus
Norovirus can be found on a huge variety of surfaces
both in hospitals and in the community.41e43 Several
studies cite the association of norovirus with handtouch sites such as toilet taps, door-handles, hospital equipment, elevator and microwave buttons,
switches and telephones.41,42,44 When fingers
come into contact with virus-contaminated material, norovirus is consistently transferred to
typical hand-touch sites.44
The importance of environmental cleaning in
the control of outbreaks of norovirus is widely
accepted.41,45 This includes clinical equipment, as
well as floors, toilets and general surfaces. Curtains should be removed and sent to the laundry,
and other soft furnishings either washed down or,
preferably, steam-cleaned. All general cleaning,
especially the toilets and bathroom areas, should
be with a chlorine-containing disinfectant or
bleach at a specified concentration. Cleaning policies should always include the use of these disinfectants since detergent-based cleaning often
fails to eradicate the virus from the environment.44 Without scrupulous attention to the environment, outbreaks not only continue, but will
resume within a short space of time. This is
because norovirus survives in the warm clinical
environment with ease while retaining its infectivity,
readily transferring to patients from hands that
have just touched a contaminated site.
Outside hospitals, norovirus outbreaks can be
devastating in closed or semi-closed communities.46 These include sudden and extensive outbreaks in hotels or cruise-liners, but outbreaks can
also occur in nursing and residential homes, prisons
and schools. An outbreak reported recently in a primary school involved 79 pupils and 24 members of
staff.47 Subsequent investigation of the outbreak
showed that person-to-person contact was a major
factor in the transmission of the virus, but there
was evidence that poorly cleaned computer
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equipment was also implicated. A strain of norovirus, identical by RNA sequencing to two strains
retrieved from patients, was isolated from one computer keyboard and mouse in one particular classroom. This occurred even after instituting
a bleach clean the previous day. Public health officials recommended good hand-washing practices,
exclusion of symptomatic persons and thorough environmental disinfection with a diluted (1:50 concentration) household bleach solution, to include
sites that are shared but not commonly cleaned.47

Discussion
There is plenty of evidence supporting the role of
domestic cleaning in hospitals as an important
intervention in the control of HAI. Unfortunately,
it often constitutes part of an overall infection
control package in response to an outbreak and its
importance as a stand-alone activity remains
controversial. This does not encourage on-going
managerial support for cleaning services in the
hospital, particularly if resources are limited. The
situation is hampered by the lack of scientific
standards for hospital cleaning, rather than the
subjective visual assessment practised at present.
The following three sections argue for a measured,
targeted and methodological approach to domestic cleaning in hospitals.

What is ‘clean’?
If we state that a hospital is clean, we assume that
it looks clean and that it is safe for patients.
Unfortunately, the microbes responsible for HAI
are invisible to the naked eye. This means that
visual assessment is insufficient for defining cleanliness, nor will it accurately predict the infection
risk for patients.2 Cleanliness should not actually
be defined without indicating how it is assessed.
A recent study compared visual assessment against
both biochemical (ATP bioluminescence) and microbiological screening of the hospital environment.3 The results showed that whereas most
surfaces looked clean, less than a quarter were
free from organic soil (ATP) and less than half
were microbiologically clean.3 Given the risk of acquiring hospital pathogens from a hospital ward,
visual assessment is outdated, inadequate and scientifically obsolete. The only benefit from a visual
inspection is to appease aesthetic obligations.
There has been suggestion that hospitals would
benefit from cleaning standards emulating those
implemented in the food industry.2,48 Food preparation surfaces are subjected to routine sampling
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using a range of techniques in a coordinated and integrated approach.48 Any isolation of pathogens, or
pathogen indicators, causes concern and warrants
immediate action. By contrast, environmental surface sampling in hospitals usually only takes place
in response to an outbreak e and then only if the
infection control team responsible has the motive,
means and interest to initiate environmental screening.48 It is time that high risk surfaces were subjected
to routine screening in order to monitor overall
levels of microbial dirt and the results used to generate increased or targeted cleaning before a hospital
outbreak occurs. It is false economy to wait until
an outbreak occurs before the clinical environment
receives the attention it deserves.
There is no reason why cleaning should not
become an evidence-based science, particularly
when we know that lack of it is associated with
human infection. Microbiological standards have
been proposed, using long-established principles
from the food industry as well as from standards
governing media such as air and water.2 Since the
pathogens of interest are widely scattered in time
and space, these standards make use of quantitative and qualitative microbial indicators rather
than focus on trying to find a discrete pathogen.
Practical applications for high risk surfaces in hospitals would not be difficult to institute although the
finer details related to risk, and site, require further
evaluation.2,49 Surfaces in outpatient corridors do
not present a similar risk of infection as hand-touch
sites might, situated beside a ventilated patient in
an ICU. Attempts have already been made to compare benchmark visual, ATP bioluminescence and
microbiological values against each other, and one
study has attempted to evaluate microbiological
standards against infection risk in an ICU.8,50

Where to clean?
There is increasing evidence regarding the importance of hand-touch sites in the transmission of
pathogens to healthy persons, as well as to
patients.51,52 It is also becoming apparent that
the sites closer to the patient are more likely to
furnish an infection risk than those situated further away.7,8 The role of these near-patient
hand-touch sites in MRSA transmission and, indeed,
other hospital pathogens, has not been given the
priority that it deserves. Ward cleaners work to
a set specification that encompasses general
surfaces and bathrooms, with emphasis on the
cleaning of floors and toilets.53 These are not necessarily near-patient hand-touch sites. Examples
of the latter include bed rails, bedside lockers,
infusion pumps, door handles and various switches,
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including the nurse-call button, and they rarely
feature in the domestic specification.2,7,8
It is already known that traditional sites such as
toilets, general surfaces and sinks tend to attract
high rates of cleaning but that hand-touch sites,
which are more likely to harbour and transmit
microbial pathogens, are only poorly cleaned.10,54
The responsibility for cleaning many hand-touch
sites usually rests with the ward nurses, who are
often very busy and almost permanently understaffed in many hospitals. Two recent studies in
ICUs have demonstrated an increased risk of infection following periods of inadequate nurse staffing,
or conversely, excess workload.55,56 It may be that
concentrating available cleaning resources on
high-risk hand-touch sites would be the most
cost-effective cleaning strategy at the present
time.18 A recent study has shown that it is possible
to improve environmental cleaning following an
educational campaign and feedback on adequacy
of discharge cleaning.10

How to clean?
Most of the studies describing the benefits from
cleaning in this review used disinfectants to clean
the hospital environment. Virtually all were reported as part of the response to an outbreak. Only
a few UK-based studies used detergent and water,
and even fewer reported cleaning benefits in the
absence of an outbreak.18,30 It appears that when
reviewing the evidence for the role of cleaning in
the control of HAI, there are several issues which
still require clarification. First, is there any difference between the quantity, quality and methods
for routine cleaning compared with what is needed
in the event of an outbreak; and second, is it sufficient to proclaim the benefits from cleaning with
disinfectants without establishing what can be
achieved using soap and water alone? These questions require an evidence-based approach before
we can set the best specification for cleaning in
our hospitals. In addition, no one has yet modelled
different cleaning methods against the infection
risk for patients, their degree of vulnerability and
the clinical area in which they are exposed.
Most hospitals have their own domestic specifications for wards, operating theatres, outpatient
and non-clinical areas. More countries are producing national standards for environmental cleaning. These set a necessary and valuable precedent
but they are not based on sufficient scientific
evidence to justify their contents. At the beginning
of the twenty-first century, we simply do not know
how to clean our hospitals in order to create the
safest environment for patient care e hence
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a veritable blunderbuss approach to cleaning in
the event of an outbreak and managerial reluctance to protect, let alone prioritise, routine
standards of cleaning outwith the outbreak situation. There is a lot of work still to do to establish
cleaning as an evidence-based science, and to
translate the evidence into cleaning practices in
healthcare environments. Given the importance of
controlling HAI, it makes sense to support current
cleaning practises until such time as sufficient
evidence is forthcoming.6
There is plenty of evidence to support basic
cleaning in hospitals. More and better-directed
cleaning reduces the risk of acquisition of a variety
of hospital organisms. It might also affect the
number of patients with these so-called ‘superbugs’ in the community, since hospital acquisition
invariably leads to patients taking them home.57
More interest in basic hygiene is warranted because microbes are becoming increasingly resistant due to the inappropriate, inadequate and
uncontrolled use of antibiotics and there are fewer
and fewer agents in the developmental pipeline.58
A century ago, people died from trivial wounds
because there were no antibiotics.
Simple hygiene could be our only defence when
Darwinian evolution finally terminates the antibiotic era.59 We need to raise the level of awareness
regarding hygiene, and its importance, throughout
society and it is hospitals that should lead the way.
If they at least start by cleaning up the way they
could, then this would at least offer some semblance of safety to patients.
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