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Importance of the environment in meticillin-resistant
Staphylococcus aureus acquisition: the case for hospital
cleaning
Stephanie J Dancer

In the UK, we continue to debate the importance of hospital cleaning in relation to increasing numbers of patients
acquiring meticillin-resistant Staphylococcus aureus (MRSA). However, there is little direct evidence for the eﬀectiveness
of cleaning because it has never been aﬀorded scientiﬁc status. Hospital hygiene is usually assessed visually, but this
does not necessarily correlate with microbiological risk. A more robust case for hospital cleaning can be presented by
considering the evidence for all the stages of the staphylococcal transmission cycle between human beings and their
environment. Cleaning has already been accepted as an important factor in the control of other hardy environmental
pathogens, such as Clostridium diﬃcile, vancomycin-resistant enterococci, norovirus, and Acinetobacter spp. This
Review will show why the removal of dirt might have more impact on the control of MRSA than previously thought.
Introduction of additional cleaning services is easier than improvements in hand-hygiene compliance.

Introduction
There is much concern over the state of hygiene in
hospitals.1–3 The UK general public seem to associate
visibly dirty wards with increasing rates of
meticillin-resistant Staphylococcus aureus (MRSA)
acquisition,4 but historically there has been little evidence
that the environment is important in endemic
hospital-acquired infection.5–9 This premise has been
challenged since the increase in MRSA in hospitals in
the past decade.1,10 Because a clean environment is usually
taken for granted, it is not surprising that there is little
evidence to show that cleanliness could be an important
control factor in the spread of MRSA.11 Furthermore, the
measurement of how clean a hospital is other than by
visual assessment, which is both subjective and
inaccurate, is diﬃcult because such an assessment does
not necessarily correlate with microbiological risk.12–14
Various audits and standards have been published for
the express purpose of improving the appearance of the
hospital environment and thus helping to alleviate public
concern.15,16 There have also been cleaning manuals,
model cleaning contracts, infection-control guidance,
and monitoring strategies.17–20 These governmentsponsored documents may address the aesthetic
demands from patients and their relatives about the
superﬁcial appearance of hospitals, but they are based on
visual assessment and fail to recognise that
microorganisms, including human pathogens, are
invisible to the naked eye.
The issue of hospital-acquired infections is compounded
by the current politically generated drive to reduce
waiting lists. Hospitals are crowded with sick people in
close proximity to one another, even though years of work
in infection control have shown us that patients pass
their microorganisms to those nearby. This was ﬁrst
recognised by Florence Nightingale in the 19th century,
at least 10 years before the advent of bacteriology.21 She
concluded that the use of small separate rooms could
have prevented the high rate of mortality in maternity
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cases after an outbreak of erysipelas at a midwife training
school.22 However, lack of isolation facilities and
continued pressure on the availability of beds provide a
serious challenge to standard principles of infection
control. A recent study has conﬁrmed an association
between MRSA bacteraemia rates, bed occupancies, and
even bed turnover times.23 Despite this ﬁnding, a UK
House of Lords debate on MRSA included a response
that stated that there is no conﬂict between good
cross-infection control and good bed management.24
Therefore, not only do governmental faculties not
understand the link between visible dirt and the presence
of pathogenic microorganisms, but they also do not
support the premise that crowded hospitals facilitate the
spread of infection.23,24 This attitude reminds us of the
situation 150 years ago in the hospital at Scutari, and
then on return to the UK, when Florence Nightingale
tried to convince the authorities of the need for basic
hygiene and ventilation in health-care institutions,
poorhouses, and army barracks.22
Only a few studies provide evidence that cleaning
reduces the risk of acquiring MRSA in health-care
institutions.10,25–27 There is another way, however, of
justifying cleaning as a useful control strategy for MRSA.
We already have evidence to support each of the
individual
components
of
the
staphylococcal
transmission cycle between patients, staﬀ, and the
inanimate environment.28–30 Much of the work on
coagulase-positive staphylococcus, originally done
50 years ago, is as relevant for MRSA as it is for its
susceptible predecessor. The epidemiological properties
of S aureus, whether meticillin resistant or not, remain
the same. One diﬀerence between the hospital staphylococcus of the 1960s and current MRSA strains is that
isoxazolyl penicillins (eg, ﬂucloxacillin) quickly cured
patients with S aureus infections before it had a chance
to spread to other patients or into the environment.
Additionally, the hospitals received more cleaning at that
time, since they had not been exposed to today’s
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Panel 1: The debate on hospital-acquired infection and
hospital cleaning

Panel 2: Component statements within the staphylococcal
transmission cycle

• There is no evidence; cleaning has never been regarded as
an evidence-based science

• People carry staphylococci

• Aesthetic considerations make cleaning diﬃcult to assess

• Staphylococci contaminate speciﬁc items in hospitals

• No way to measure the cleaning process or its impact on
the environment

• Staphylococci survive in the hospital environment

• Confounded by fabric and maintenance deﬁcits
• We cannot see the microorganisms

• Staphylococci spread between people and the
environment

• It costs money

• Small numbers of staphylococci can initiate infection

• Cleaning has always been taken for granted

• Various cleaning methods reduce MRSA in the
environment

emphasis on cost cutting. Now, of course, we do not have
a quick cure for MRSA—currently available drugs are
either toxic or expensive, or relatively ineﬃcient, and
most have to be given parenterally.31 Resistance has
already been shown for newly released agents.32,33 This
condemns colonised or mildly infected patients to
conservative management only, thus enhancing their
risk for future sepsis as well as providing the organism
with an opportunity for dispersal throughout the
environment and to others.
Even if the epidemiology of the staphylococcus has not
changed over the years, there are, however, diﬀerences in
the type of patients that we see nowadays and the clinical
environments in which they are nursed. Patients are
older, immunologically weaker, and are subjected to far
more invasive procedures and devices than the patients
of 50 years ago. Furthermore, there has been a huge
inﬂux of electronic equipment into the near-patient
vicinity, providing more hand-touch sites that require a

Patients (colonised and infected)

MRSA

Antibiotic
pressures

• People shed staphylococci into the general environment

• People transmit their staphylococci to other people

• Cleaning reduces staphylococcal infection rates
• Cleaning is important in the control of other pathogens

greater degree of sophisticated cleaning attention. Certain
liquid cleaning agents would damage many items of
medical and nursing equipment. All of these diﬀerences
could have contributed towards an increase in MRSA
acquisition in modern hospitals.
This Review will present the evidence that supports the
epidemiological and transmission characteristics of
coagulase-positive staphylococci. Each component of the
transmission cycle can be considered independently in
order to assess the potential impact of cleaning.

The transmission cycle
The staphylococcal transmission cycle can be broken
down into several stages, each of which is supported by
studies. Additionally, there is direct evidence for the
beneﬁts of cleaning, both for control of staphylococci
and for other hardy hospital pathogens in the clinical
environment (panel 1). The propagation of this generally
human commensal bacterium is perpetuated by a
dynamic staphylococcal transmission cycle between
human beings and their environment (ﬁgure 1). The
coagulase-positive staphylococcus is the most common
bacterial pathogen worldwide, and this fact alone
generates concern over the insidious loss of
antimicrobial agents with which to treat it.34 The
possibility that cleaning could truly have an impact on
staphylococcal transmission justiﬁes a closer look at its
properties (panel 2).

People carry staphylococci

Hands

Figure 1: Dynamic transmission cycle of MRSA
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Environment
(including air)

S aureus colonises many sites on the human body
(ﬁgure 2), of which the anterior nares is the most
common carriage site.28–30,35,36 About 30% of the population
are found to carry S aureus at any one time; this includes
20% who always seem to be colonised, and a further
10% who are transient carriers.30,35 Some people have an
inherent tendency to always carry S aureus and they
recolonise very quickly after eradication attempts. They
http://infection.thelancet.com Vol 8 February 2008
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may carry the same strain for months, or even years,
unless it is replaced by another strain that displays greater
adherent properties. Screening among the general
population rarely identiﬁes more than one strain
colonising a habitual carrier.30,37,38
There seems to be a link between S aureus nasal carriage
and staphylococcal infection.36 A causal relation between
carriage and an infecting strain is shown by the fact that
the nasal strain of S aureus and the infecting strain share
the same genotype.39 Given the propensity for people to
pick, touch, or blow their noses, it is not surprising that
carriers will often harbour their own strain of S aureus on
their ﬁngers, which they will then transfer to any site
accessible to their hands.36,40 Application of a topical
antibiotic into the nose temporarily eliminates carriage
and reduces the risk of infection.41

People shed staphylococci into the general environment
The extent to which a carrier sheds his or her strain into
the environment is very variable.36 Some individuals are
surrounded by minute skin particles, each associated
with a few colony-forming units (CFUs) of staphylococci,
but in such great quantities that the individual is referred
to as a “cloud adult”.42 This is seen in people with an
upper respiratory tract infection or those with exfoliative
skin conditions. Some individuals shed after antibiotic
treatment, some shed depending on which sites are
colonised, and other people seem never to shed at all.42,43
Thus, coagulase-positive staphylococci may be found
normally colonising people, in the surrounding air, or in
General population

Neck 10%

the environment in which they live or through which
they have just passed.
Staphylococci can be detected in the general
environment by use of air sampling, settle plates, and
environmental microbiological screening.29 Skin particles
with adherent staphylococci fall to the ﬂoor under gravity,
or indeed onto any horizontal surface that interrupts
their ﬂight. Air sampling shows the dynamic nature of
staphylococcal dispersal, but the organisms’ ﬁnal
destination is usually the ﬂoor. Air currents or draughts,
such as those created when a door or window is opened,
will encourage skin particles to remain airborne; equally,
a sudden blast of air will elevate resting particles to
become airborne. Smaller and generally more mobile
particles will take longer to sink to the ground and are
therefore more susceptible to air turbulence.44,45
Studies that have shown S aureus to be present in the
environment are often done in response to a hospital
outbreak or as a general fact-ﬁnding investigation.44,46–54
All such studies have shown the presence of
coagulase-positive staphylococcus wherever they have
looked. Furthermore, some studies have established that
environmental
strains
may
be
genotypically
indistinguishable from strains obtained from patients
within the same environment.47,48,50,51,53,54
Other studies have speciﬁcally looked for MRSA in the
air in hospitals.51,55 One such study did sequential air
sampling before and after bed making and showed that
MRSA counts remained elevated for up to 15 min after
the bed was made.56 If airborne transmission of MRSA is
S aureus nasal carriers

Nose 27%

Nose 100%

Pharynx 10–20%

Pharynx 25–50%

Skin chest 45%

Skin chest 15%
Axilla 8%

Axilla 19%

Forearm 20%

Skin
Forearm 45%
abdomen 15%

Skin
abdomen 40%

Hand 90%

Hand 27%
Perineum 22%
Vaginal 5%

Perineum 60%

Ankle 10%

Ankle 10%

Figure 2: Distribution of S aureus on body sites of the general population and of nasal carriers30
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a signiﬁcant risk for acquisition, then the more patients
there are in a small conﬁned space, the more likely it is
that a patient will be at risk of initial colonisation. There
is certainly a correlation between increased bed numbers
and an increased risk of MRSA colonisation.57 However,
the debate over the importance of airborne MRSA
continues, since most microbiologists would argue that
patients are more likely to acquire the organism from the
hands of health-care workers rather than directly from
the air.58 The contribution of airborne MRSA to the spread
of infection cannot be discounted, because some
infections arising from contact transmission may have
involved the airborne transportation of MRSA onto
inanimate surfaces.59

Survival of staphylococci in the hospital
environment
Although MRSA seems to contaminate the air and
general environment throughout the hospital, this would
not matter if the organism were unable to survive outside
the human host. However, all members of the
staphylococcal family (coagulase negative and positive)
show an avid ability to survive in the environment, over a
wide range of temperatures, humidity, and exposure to
sunlight.60,61 Staphylococci’s resistance to desiccation is
also long established.62 Persistence has been shown by
DNA typing results from outbreaks in hospitals lasting
from 3 months to 5 years, with no obvious role attributed
to colonised staﬀ.27,47,63 A recent prospective controlled
trial also supports the persistence of MRSA in the clinical
Outbreak

Endemic

Rampling
et al27*

Boyce
et al48*

Floor

9%

Site
estimated
mean§
Sexton
et al51†

Lemmen
et al50*‡

French
et al64*

50–55%

44–60%

24%

..

Bed linen

..

38–54%

44%

34%

..

41%

Patient gown

..

40–53%

..

34%

..

40·5%

Overbed table

..

18–42%

64–67%

24%

..

40%

Blood pressure cuﬀ

13%

25–33%

..

..

..

21%

5%

1–30%

44–60%

21%

43%

27%

Bed or siderails

34·5%

Bathroom door handle

..

8–24%

..

12%¶

..

14%

Infusion pump button

13%

7–18%

..

30%

..

19%

Room door handle

11%

Furniture

11%

Flat surfaces

7%

4–8%
..

..

23%

59%

21·5%||

44–59%

19%

..

27%

..

32–38%

..

..

21·5%

Sink taps or basin ﬁtting

..

..

..

14%

33%

23·5%

Average quoted**

11%

27%

49%

25%

74%

37%

..=not reported. *Broth enrichment incorporated into sampling method. †Data includes vancomycin-resistant
enteroccus (VRE) isolates from the environment of four VRE patients and 50 meticillin-resistant S aureus (MRSA)
patients. ‡First 2 weeks of 4 weeks’ data. §Mid-range value taken for estimated mean. ¶Described as “bathroom door”.
||Additional study by Oie et al71 reports overall 9% MRSA contamination on room door handles. **Mean proportion of
environmental sites quoted from original studies and not calculated from the data above, since these data were
incomplete.

Table: Proportions of environmental sites positive for MRSA in endemic and outbreak situations
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environment.64 When mixed with hospital dust, MRSA
can still be revived more than 1 year after inoculation.65
This increases the chance that someone else will acquire
viable staphylococci from the environment, since the
organism awaits its opportunity to be picked up and
transferred to a new host.60
There is little diﬀerence between the survival properties
of S aureus and its meticillin-resistant variant, although
one study has drawn attention to diﬀerences in survival
times between sporadic and epidemic meticillin-resistant
strains.65 These survival properties could even determine
why any one particular strain seems to spread more
successfully between people than another.65 Otherwise,
there are plenty of reports describing survival of MRSA
on items ranging from paper to mops, to more
laboratory-based studies examining persistence on
Formica, hospital fabrics, and plastics.66–69 Even deep
cleaning of a ward with detergent and a steam cleaner,
followed by use of 1000 parts per million chlorine
disinfectant for all hard surfaces, does not completely
eradicate MRSA from the clinical environment.64,70 Such
persistence is likely to create a reservoir in hospitals, thus
representing a signiﬁcant risk of infection to patients.10,70

Staphylococci contaminate speciﬁc items in hospitals
Since there is plenty of evidence to show that MRSA can
be found throughout the general environment, it is
hardly surprising that it is also found on more tangible
objects within clinical areas (table). The evidence for
S aureus and MRSA contamination of a huge variety of
items in hospitals is overwhelming. Objects such as
computer keyboards, door handles, tourniquets, pens,
television sets, stethoscopes, telephones, beds and
bedside tables, equipment packaging, paper and patient’s
notes, and toys are just a few examples.66,67,71–83 Near-patient
items such as bed linen, patients’ gowns, and the overbed
table provided the highest degree of contamination.
Overall, about one-third of surfaces on average seem to
harbour MRSA when sampled in both endemic and
outbreak situations.
The fact that most of these items can be touched by
hands is important when considering the origin of MRSA
contamination (ﬁgure 3).67,83,84 If staphylococcal carriers
are likely to carry their own strain on their ﬁngers, it
follows that anything that depends on hands for
functionality is at risk of contamination from a carrier’s
strain. An habitual carrier is not necessarily required for
the transfer of MRSA to hand-touch objects, since anyone
who has just touched a contaminated site would be able
to do the same.48,78
Laundered items and soft furnishings are also at risk for
contamination. There are plenty of reports detailing MRSA
from bedclothes, pillows, mattresses, and cushions.56,85–87
Nurses’ uniforms and doctors’ ties have also been
implicated, with predictable media response generated by
the latter.88,89 Ward curtains have long been suspected as
capable of harbouring staphylococci, although published
http://infection.thelancet.com Vol 8 February 2008
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Boyce and co-workers48 showed that just fewer than half of
the nurses entering the rooms of MRSA patients acquired
the patient’s strain of MRSA on gloved hands and aprons.
The nature of these contacts was indirect, in that the nurses
did not actually administer hands-on care to the patients.
However, nearly two-thirds of nurses acquired the
organism if they were involved in direct contact with the
patient.48 Another study showed that about 12 (17%) of
70 contacts between a health-care worker and an
MRSA-colonised patient resulted in transmission of MRSA
from the patient to the gloves of the health-care worker.99

Staphylococci spread between people and the
environment
Figure 3: A common hand-contact surface

evidence for MRSA on curtains is hard to ﬁnd. Susceptible
S aureus was isolated from ward curtains beside a patient
with a staphylococcal infection in a study done in the 1960s,
and both isolates were of the same phage type.90 The
important point about curtains is that they are often the
ﬁrst object touched after examining a patient on the ward
round, even before the examining clinician has had a
chance to wash his or her hands. Furthermore, the
diﬃculties entailed by removing them for cleaning will
condemn them to remain in place for much longer than is
desirable. In today’s hospitals, oﬀ-site laundries, bed
pressures, and shortage of spare curtains and the space to
put them, all compound current management of ward
curtains. Replacing them with vertical blinds, where
possible, will not alleviate these problems.91

People transmit staphylococci to other people
There are reports detailing staphylococcal transmission
between people in hospitals and people at home. These
cases may relate to outbreak situations involving healthcare workers or patients newly transferred from
elsewhere.92,93 Other reports document transmission
from health-care workers to family members,94–96 spread
between patients in the community,97 and transmission
between ambulant patients.98 Such evidence for
person-to-person transmission of MRSA eﬀectively
negates the importance of MRSA in the environment
and its removal through cleaning. However, whereas
there is little doubt that carriers can transmit their strain
to others, none of the studies mentioned are able to
specify the exact mechanism of transfer. Perhaps indirect
transmission via an environment frequented by both
donor and recipient should be assumed to be as likely as
direct person-to-person transmission.
A recent report describes the transmission of a particular
phage type of MRSA from a dermatology patient to his
attendant physician.79 Contamination of the physician’s
oﬃce was thought to be responsible for the subsequent
colonisation, after apparently successful topical clearance.79
http://infection.thelancet.com Vol 8 February 2008

People who are not habitual staphylococcal carriers are
able to acquire S aureus from hand-touch sites or from
the air, and transmit it to others or to other environmental
sites.30 They may carry certain strains for various lengths
of time at various sites but do not seem to do so long
term. Staphylococcal carriage has been associated with
contamination of the home environment and refractory
carriage has been linked with the continued presence of
MRSA at home.100,101 In hospital, one study examined the
frequency of acquisition of various pathogens, including
MRSA, on an investigator’s hands after touching
environmental surfaces near hospitalised patients.78
About 20 (31%) of 64 hand-imprint cultures yielded
coagulase-positive staphylococci from the bed rail and
bedside table in occupied rooms, although only half of
the patients were known to have previous colonisation or
infection with S aureus or MRSA.78
Assessment of the presence and persistence of MRSA
in the hospital is important, but the nature of the
staphylococcal cycle between people and their
environment requires evidence for dynamic transmission
of the organism. A study in an intensive-care unit (ICU)
examined coagulase-negative staphylococci from the
hands of staﬀ, the ICU environment, and the patients’
blood, and found that indistinguishable strains could be
identiﬁed from all three sources.14 Although
coagulase-negative staphylococci do not usually show the
same pathogenic potential as S aureus and MRSA, they
do share similar epidemiology and could be said to match
the spread of their more pathogenic counterparts.
Indistinguishable strains of MRSA have been found
from patients and their environments.47,48,50,51,53 A recent
study described an outbreak of glycopeptide
intermediate-resistant S aureus, in which the outbreak
strain was found on various surfaces both inside and
outside the rooms containing colonised or infected
patients.54 Only one study has shown related strains from
staﬀ, patients, and the environment.48 Whereas all these
studies conﬁrmed that there is an indisputable dynamic
relation between people and their environments
regarding staphylococcal transmission, few were able to
indicate the origin of strains or in which direction they
travelled.14 The exception is a study by Hardy and
105
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colleagues,53 which showed the presence of unique MRSA
strains in the ICU environment before retrieving
indistinguishable strains from patients. No other patient
in the ICU was infected or colonised with the same strain
before acquisition. Additionally, a recent conference
poster presented similar data showing chronological
relations between staphylococci gathered from the
environment and from patients with ICU-acquired
staphylococcal infections.102 The timescales of ﬁnding
indistinguishable organisms from clinical and environmental sources supported dynamic transmission in both
directions.102

Numbers of staphylococci required to initiate
infection
What size of staphylococcal inoculum is required to
initiate an infection? The answer to this question is only
relevant if contamination on clinical surfaces is thought
to represent a risk for transmission. If ﬁngertips pick up
only a few CFUs of MRSA from the environment to
deliver to a patient, are these enough to cause infection?
Experimental induction causes infection within 24–48 h
in human skin samples, but the inoculum required is
four to eight million staphylococci.103 Experimental
lesions made by scraping the epidermis from the human
forearm can be infected with as little as 15 staphylococci
if the lesions are then sealed with a cover slip and
adhesive tape.104 Perhaps this experimental state could be
compared with the insertion site of a vascular catheter or
other device that breaches the epidermis. Skin abscesses
in mice may be produced by use of as few as ten CFUs of
staphylococci when introduced on suture material or
cotton dust.105 If this technique is applied to human
beings, severe stitch abscesses can be produced after
inoculation of 100 CFUs.103 Thus, an inoculum of
anything from ten to several million CFUs could
potentially cause an infection in a patient.28,61
The incubation period for a staphylococcal infection
can be reasonably assumed to be inversely proportional
to the original inoculum, but patients are unlikely to
receive a dose of several million CFUs of staphylococci at
ﬁrst acquisition.61 A few viable units picked up from the
environment may be delivered to a vulnerable patient, at
a vulnerable site, and it is possible that these
patient-related factors are the chief determinants of
whether a patient succumbs to infection. The size of the
original inoculum may not be crucial in initiating an
infection, although it might determine how quickly that
infection becomes obvious to attendant physicians. If
this is the case, then the generally small numbers of
MRSA recovered from environmental sites represent a
genuine risk for potential infection.
Studies on the contamination of health-care workers’
hands provide further support for this bacterial
transmission hypothesis in the clinical environment.106
In one study, 15% of nurses working in an isolation unit
carried a median of 10 000 CFUs of S aureus on their
106

5 CFU per cm²

45 CFU per cm²

Figure 4: Colony-forming units on dip slides coated with agar
Colony-forming units consist of several diﬀerent vegetative organisms,
including staphylococci. Photo courtesy of Professor Chris Griﬃth (University of
Wales Institute, Cardiﬀ, UK).

hands.107 In another study, S aureus was recovered from
the hands of 20% (67 of 328) ICU staﬀ, and 21% of
doctors (69 of 328) and 5% of nurse carriers (16 of 328)
had more than three CFUs of the organism on their
hands.108 Studies showing that hands (or gloves) of healthcare workers become contaminated with MRSA after
touching inanimate objects in patients’ rooms have
already been mentioned.48,78 The median number of CFUs
that were acquired on hands tended to be low (median
3 CFUs; range 1–300 CFUs).78
There are only a few studies that have actually measured
the number of CFUs of staphylococci from clinical
environmental sites, but this area is attracting increasing
interest, particularly regarding the possibility of
introducing quantitative standards for surface-level
hygiene (ﬁgure 4).12,84,109,110 Standards such as these could
be used to assess the infection risk to patients from the
clinical environment, given that just a few CFUs delivered
to a compromised patient could initiate infection.29

Importance of cleaning
Various cleaning methods reduce MRSA in the
environment
Several studies detailing the eﬀects of various methods to
reduce environmental MRSA have recently been
published, including a study examining the eﬀect of
portable high-eﬃciency particulate air ﬁltration on
airborne MRSA in isolation rooms.111 The cleaning
methods
included
routine
vacuuming
and
detergent-based cleaning, deep cleaning with
disinfectants, and gaseous decontamination using
hydrogen peroxide vapour.27,64,70 All of these methods
seemed to reduce MRSA in the hospital environment,
although standardised measurement of bacterial counts
was not used. The move towards quantiﬁcation of
bacterial load in the hospital environment will provide a
baseline for further work on the eﬀectiveness of
cleaning.84 Microbiological assessment of diﬀerent
http://infection.thelancet.com Vol 8 February 2008
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hospital cleaning methods has already suggested a
relation between high microbial growth and the presence
of coagulase-positive staphylococci.109,110
Although we may assume that there is a diﬀerence in
bacterial growth between visibly dirty areas and those
that seem clean, only one study has speciﬁcally examined
concurrent visual assessment against chemical
(bioluminescence detection) and microbiological
methods of measuring organic and microbial soil.12 Most
wards seemed visibly clean (range 82–91%), but less than
half were microbiologically clean (range 30–45%), and
only a quarter were free from organic soil (range
10–24%).12 Despite these ﬁndings, all of the current
standards for assessing hospital hygiene recommend the
use of visible cleanliness as a performance criterion.2,15–20
A recent study attempted to link UK National Health
Service patient environment action scores, which include
a visual measurement of cleanliness, with MRSA
bacteraemia rates in English hospitals.112 As expected,
there was no correlation, prompting some discussion on
the merits of even attempting such an analysis.113,114

Eﬀect of cleaning on staphylococcal infection rates
Evidence for the eﬀect of basic cleaning on reducing the
acquisition rate of MRSA in hospital is scant. A concerted
eﬀort in the early 1970s to rid a UK district general
hospital of MRSA was successful when a programme of
ward closure, cleaning, increased screening, and other
infection-control interventions was used.25,26 The overall
rate of susceptible S aureus infections also decreased
substantially, prompting editorial comment in The Lancet
that hospital infection can be controlled.115
More recently, there has been a report describing an
MRSA epidemic among male surgical patients.27
Application of the usual infection-control activities had no
eﬀect on the outbreak until the time allocated for basic
cleaning of the ward was doubled. There was an emphasis
on removal of dust by vacuum cleaning and allocation of
responsibility for the routine cleaning of shared medical
equipment. Before the cleaning intervention, 69 patients
acquired the outbreak strain E-MRSA-16, and the strain
was found to be widespread in the ward environment.
After the cleaning intervention, the outbreak strain was
eliminated from the ward environment and there were no
more infections with this strain among the patients. The
investigators stressed that thorough and continuous
attention towards ward hygiene and removal of dust was
needed to terminate a prolonged outbreak of MRSA on
this general surgical ward. The extra cleaning was in
addition to standard infection-control measures. The study
also calculated the cost-beneﬁt of the cleaning intervention,
which was estimated as nearly £28 000 for the 6 months
when the extra cleaning took place. The investigators
concluded that, in the long term, cost cutting on cleaning
services is neither cost-eﬀective nor made sense.27
An additional study that reported an outbreak of
vancomycin-resistant enterococci (VRE), which involved
http://infection.thelancet.com Vol 8 February 2008

nearly 50 patients, described how infection-control
interventions for VRE patients resulted in a signiﬁcant
increase in MRSA infections throughout the hospital
(p=0·013).116 Annual environmental audits showed that
only 43% of the minimum cleaning requirements had
been completed in the month before the sudden increase
in MRSA acquisitions, compared with 80% from an audit
completed the year before. The investigators concluded
that contamination of the ward environment was an
important factor in facilitating transmission of the
epidemic VRE strain, but they did not include the
increase in MRSA in this hypothesis. They felt that the
lack of isolation rooms, prioritised for VRE patients,
which meant that newly colonised MRSA patients were
nursed in the open wards, provided the opportunity for
MRSA to spread.116 This study shows how diﬃcult it is to
tease out the eﬀects of diﬀerent infection-control
practices, particularly in an outbreak situation.
Similarly, an outbreak of glycopeptide intermediate-resistant S aureus in an ICU proved diﬃcult to
control until a wave of further control measures,
including enhanced cleaning, was introduced.54 The
outbreak encompassed two clusters of infection in
patients, although genotyping showed that all cases were
caused by the same strain. The second cluster occurred
despite the introduction of maximum contact-isolation
procedures. This directed attention towards the inanimate
environment as a major source of cross-contamination,
since it was thought that re-emergence of the strain could
be explained by a marked ability to survive on inert
surfaces. The meticulous cleaning procedures ﬁnally
implemented probably helped to stop the outbreak,
although again it was not possible to determine the
relative roles of barrier precautions and environmental
decontamination in eradicating the strain.54
In a recent report of the impact of hypochlorite
disinfection on MRSA rates, the monthly percentage of
non-duplicate MRSA isolation from routine clinical
specimens was collated over a 9-year period, along with
the timing of diﬀerent infection-control interventions.117
Environmental sampling, bleach for cleaning, availability
of hand gel, and screening on admission were all
implemented together in response to a peak percentage
of MRSA in clinical specimens. This resulted in an
overall decrease in the number of routine isolations of
MRSA, but removal of bleach for cleaning precipitated a
signiﬁcant increase once more in positive MRSA
specimens (p=0·03). This study did not necessarily
provide evidence for the cleaning process itself, but it
does suggest that the environment is important in the
spread of MRSA.117

Eﬀect of cleaning on control of other pathogens
MRSA is not the only pathogen capable of withstanding
the inanimate environment. There are others, all hardy
survivors, that capitalise on their ability to persist in the
environment in the hope that they will be transferred
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back into a living host. They include Clostridium diﬃcile,
VRE, Acinetobacter spp, and norovirus.10 The properties
that these particular organisms share with MRSA make
them potentially vulnerable to the cleaning process, and
any evidence supporting the role of cleaning in controlling
their spread supplies additional scientiﬁc support for the
beneﬁts of cleaning on MRSA.
C diﬃcile is a spore-forming anaerobic bacillus that has
been recovered in abundance from the environment of
symptomatic patients.118,119 Such contamination is now well
accepted as a risk factor for the acquisition of C diﬃcile.10
Furthermore, as the level of environmental contamination
increases, so does the amount of C diﬃcile on the hands of
health-care workers, and near-patient hand-touch sites are
regarded as a particular risk.118,120 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 the control of C diﬃcile.121,122
Infection-control teams do not question the importance of
thorough environmental cleaning, although whether
cleaners should use disinfectants or detergents for the
cleaning process continues to be hotly debated.118,119,123
VRE are also known to contaminate and survive in the
hospital environment.124,125 These bacteria are particularly
resistant to the cleaning process and require powerful
disinfectants to eradicate problem strains.126 The
additional use of aprons or gowns with gloves when
caring for VRE carriers is thought to help reduce VRE
acquisition, perhaps because their use protects staﬀ from
environmental contamination.125,127,128 However, contact
with contaminated surfaces in the rooms of colonised
patients results in transfer of VRE to gloved hands,
despite cleaning with disinfectants.78,129
Environmental cleaning has already been suggested as
important in the control of VRE, and a recent study
describes the impact of improved environmental cleaning
on the spread of VRE in a medical ICU, with and without
promotion of hand-hygiene compliance.130–132 The study
found that enforcing cleaning measures was associated
with less surface contamination with VRE, cleaner healthcare workers’ hands, and a substantial reduction in VRE
cross-transmission among patients. The investigators
concluded that decreasing environmental contamination
might help to control the spread of VRE in hospitals.132
Another recent study examined the risk of acquiring
MRSA or VRE from a room previously accommodating a
patient positive for either of these infections.133 The
investigators found that there was a small but signiﬁcant
increase in the risk of acquiring MRSA or VRE if a patient
was admitted into a room previously occupied by a carrier
patient (p=0·04). This particular route of transmission
was not thought to be a major contributor towards overall
transmission, but the eﬀect of current cleaning practices
in reducing the excess risk and the potential for further
reduction were unknown.133 An Australian study found
that when patients with VRE were isolated, as one of
several control measures implemented during an
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outbreak, the rate of MRSA acquisition increased because
the isolation facilities were full of VRE patients.116
Yet another hardy hospital survivor, acinetobacter, can
also be recovered from the hospital environment with
ease.66 Although the importance of cleaning in controlling
outbreaks of Acinetobacter baumanii has been emphasised
in previous studies, little is known about the best
approach to environmental cleanliness in an endemic
situation.134 One study examined the levels of
environmental contamination with A baumanii in a
neurosurgical ICU after introducing new cleaning
protocols, as well as showing an association between
environmental contamination and colonisation of
patients.135 The study concluded that high standards of
cleaning play an integral part in controlling outbreaks of
A baumanii in the ICU setting.135
Finally, the importance of environmental cleaning in
the control of outbreaks of norovirus is now widely
accepted.10,136–138 Without scrupulous attention to the
environment, outbreaks not only continue, but will
resume within a short space of time.10,139,140 The virus can
be found on many types of surfaces both in hospitals and
in the community.136,137,141,142 Several studies cite the
association of norovirus with hand-touch sites, such as
toilet taps, door handles, hospital equipment, elevator
and microwave buttons, and telephones.136,137,141,143 When
ﬁngers come into contact with virus-contaminated
material, norovirus is consistently transferred to typical
hand-touch sites.143 Cleaning policies should include the
use of speciﬁed disinfectants, because detergent-based
cleaning often fails to eradicate the virus.137,142,143

Discussion
Cleaning has two main functions. The ﬁrst is
non-microbiological—to improve or restore appearance,
maintain function, and prevent deterioration. The second
is microbiological—to reduce the numbers of microbes
present and any substances that support their growth or
interfere with subsequent disinfection or sterilisation.7
Reduction of the numbers of microbes on an object or in
the general environment should not only reduce the risk
of there being a pathogen present, but should reduce the
risk of infection for people in contact with that object or
environment. The importance of microbial surface
contamination in the epidemiology of infectious diseases
has been recognised.12 Public-health activists throughout
history have used basic hygiene in the continued ﬁght
against pathogens; these interventions are held in high
esteem and are practised all over the world today.144
Unfortunately, even this recognition is unable to
justify additional managerial spending on domestic
services, unless there is clear evidence of beneﬁt. All we
have are single observations, anecdotal reports, or
quasi-experimental studies without concurrent control
groups or with short follow-up.
Given the preoccupation with hospital budgets, we
need another strategy for tackling the presence of MRSA
http://infection.thelancet.com Vol 8 February 2008
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in our hospitals other than campaigning for more
cleaning hours. Visual appearance is an unreliable guide
to the presence of pathogenic microbes and, indeed, rates
of infection.12,14,112 Perhaps targeting the areas in a hospital
that constitute the highest risk for the presence of MRSA
would be a feasible option in the short term. Buﬃng the
ﬂoors in outpatient departments might improve the
appearance of the waiting areas, but patients do not
generally acquire MRSA from ﬂoors. The greatest risk
for patients is contaminated near-patient hand-touch
sites in clinical areas (ﬁgure 5).14,48,64,145,146 This is borne out
by studies that have seeded viral or other molecular
fragments onto a door handle or a telephone, and then
charted their movements over the course of a few
days.143,147–149 Such studies show the importance of sites
that human hands touch more frequently, and can be
used as an indicator for what might happen regarding
the spread of MRSA.
The role of near-patient hand-touch sites in MRSA
transmission and, indeed, other hospital pathogens, has
not been given the priority that it deserves. In the UK,
ward cleaners work to a set speciﬁcation that encompasses
and gives great emphasis to the cleaning of ﬂoors and
toilets.17 These are not near-patient hand-touch sites.
Examples of the latter include bed rails, bedside lockers,
infusion pumps, door handles, and various switches,
including the nurse-call button, which rarely feature in
the domestic cleaning speciﬁcation.84 These hand-touch

Figure 5: A critical care patient is surrounded by many hand-touch sites
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sites, which might harbour and transmit microbial
pathogens, are only poorly cleaned.150 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 shown an increased risk of infection
after periods of inadequate nurse staﬃng or excessive
workload.151,152 Concentration of available cleaning
resources on high-risk hand-touch sites may be the most
cost-eﬀective cleaning strategy.84
Why do we not simply advocate more attention
towards hand hygiene, to interrupt the ﬁnal common
pathway in the acquisition of MRSA? Contaminated
hands are the chief mode of transmission for most
patients who acquire a hospital infection. There can be
no doubt that prioritising hand hygiene is the single
most beneﬁcial intervention in the control of MRSA and
many other pathogens.153 However, the problem with the
cleaning of hands is that it is impossible to get everyone
to do it at the most appropriate time.154 One study has
already contrasted the success and relative ease of
instituting and maintaining an environmental cleaning
programme with the failure of a hand-hygiene
initiative.132 And even if everyone does wash their hands
properly, the eﬀects of exemplary hand hygiene are
eroded if the environment is heavily contaminated with
MRSA.52,155
Cleaners should be included as an integral part of the
infection-control team. They should be allocated more
cleaning hours from the hospital budget, particularly
when there is evidence for substantial savings.156 Cost of
drugs alone to treat MRSA, without even considering the
costs of extended bed-stay for infected patients, justiﬁes
targeting domestic resources in clinical areas.157
Furthermore, the increasing prevalence of MRSA and
other multiple-drug-resistant bacteria in UK hospitals
support the prioritisation of cleaning and other control
measures before deﬁnitive validation.158 We should have
faith that we are doing the right thing.159
If cleaner hospitals ultimately reduced the number of
patients acquiring health-care-associated MRSA, there
would be a concomitant reduction of MRSA in the
community, because acquisition in hospital invariably
leads to patients taking the infection home. A cleaner
culture adopted by hospitals might impinge on the
community in other ways. The general public should
consider their own attitude to hygiene when cleaning
themselves and their homes, and when preparing food.
Any societal erosion of hygiene might be caused by
complacency emanating from the discovery of
antimicrobial agents.160 This issue requires urgent
appraisal, since the increasing numbers of community
strains of MRSA have been associated with hygiene
issues and more frequent antibiotic consumption.161
These community strains are more virulent than
established hospital strains and have already shown their
potential to start hospital outbreaks.162
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Search strategy and selection criteria
Data for this Review were identiﬁed by searches of Medline,
PubMed, and references from relevant articles. Many articles
were identiﬁed through searches of the author’s own
personal collection of papers relating to hospital cleaning.
Search terms used were “hospital cleaning”,
“met(h)icillin-resistant Staphylococcus aureus”, “MRSA”,
“staphylococci”, “epidemiology”, “hospital”, “cloud adult”,
“transmission”, “environment”, “healthcare”, and
“contamination”. Only English language papers published
during the past 50 years were reviewed.

People look towards hospitals to treat the sick and set
appropriate standards of hygiene. But modern hospitals
in the UK are often cluttered, overcrowded, and visibly
dirty. Cleaning staﬀ and hours have been drastically
reduced over the past decade. Even if scientiﬁc validation
is obtained, regenerating interest in the removal of dirt
in the 21st century will require monumental eﬀort. Aside
from its low status, cleaning costs money and it is hard
work. It is diﬃcult to measure the process of cleaning, its
impact, or assess it against the risk of acquiring MRSA.
There has been enough debate and too many recent
documents, guidelines, and audits. We should take the
half-century’s worth of data that we have and try to
change things while we still can.163 We do not yet know
exactly what impact cleaning could have on control, but
this ignorance should not be used as an excuse for doing
nothing.164
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