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Abstract

Introduction The importance of hospital cleaning for controlling healthcare-associated infection (HAI) has taken
years to acknowledge. This is mainly because the removal of dirt is inextricably entwined with gender and social
status, along with lack of evidence and confusion over HAI definitions. Reducing so-called endogenous infection
due to human carriage entails patient screening, decolonisation and/or prophylaxis, whereas adequate ventilation,
plumbing and cleaning are needed to reduce exogenous infection. These infection types remain difficult to separate
and quantitate. Patients themselves demonstrate wide-ranging vulnerability to infection, which further complicates
attempted ranking of control interventions, including cleaning. There has been disproportionate attention towards
endogenous infection with less interest in managing environmental reservoirs.

Quantifying cleaning and cleanliness Finding evidence for cleaning is compromised by the fact that modelling
HAI rates against arbitrary measurements of cleaning/cleanliness requires universal standards and these are not yet
established. Furthermore, the distinction between cleaning (soil removal) and cleanliness (soil remaining) is usually
overlooked. Tangible bench marking for both cleaning methods and all surface types within different units, with

modification according to patient status, would be invaluable for domestic planning, monitoring and specification.

risk-based practice in hospitals across the world.

Aims and objectives This narrative review will focus on recent history and current status of cleaning in hospitals.
While its importance is now generally accepted, cleaning practices still need attention in order to determine how,
when and where to clean. Renewed interest in removal and monitoring of surface bioburden would help to embed
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Background

In 1974, the Committee on Infections within Hospi-
tals of the American Hospital Association stated that,
‘the occurrence of nosocomial infection has not been
related to levels of microbial contamination of air, sur-
faces, and fomites. So that meaningful standards for per-
missible levels of such contamination do not exist’ [1].
A comment in the Journal of Hospital Infection in 1988
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broadly concurred, saying that the condition of surfaces
being cleaned, frequency of cleaning and cleaning meth-
ods in UK hospitals were unlikely to have a major effect
on the number of patients becoming infected [2]. It was
assumed that organisms in the inanimate environment
were merely “innocent bystanders,” rather than a source
of patient colonization and infection [3]. Knowing the
precise number of organisms present in the environ-
ment “...without being aware of their nature... would not
be a relevant measure of infection risk nor would it jus-
tify the time and expense of measurement [2]. The same
paper asked, ‘How clean is clean? This is predominantly a
functional and aesthetic value rather than microbiologi-
cal but the environment should be clean enough not to
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cause concern to patients and it should be microbiologi-
cally safe’ [2]. These two factors may well be connected,
but they are separate entities requiring an entirely differ-
ent approach.

So, the prevailing view during the late 20th century was
that the environment was not thought to be important
in HAL If researchers did ponder a link between envi-
ronmental surfaces and infection, then floor cleanliness
was investigated rather than anything else. Inevitably,
microbes found on floors (and walls) were rarely impli-
cated as sources of infection [4, 5]. This is hardly surpris-
ing. A systematic review from 2004 examined the impact
from different cleaning methods and found no differ-
ence between either cleaning procedure nor any impact
on HAI rates [6]. There were just three studies in this
review, mainly focusing on generic surfaces such as floors
and furniture. Each tried to find a difference in HAI rates
after using disinfectant or detergent for general cleaning
[7-9]. A later study prospectively examined the impact of
two different disinfectants on the incidence of Clostrid-
ium difficile—associated diarrhoea (CDAD) but neither
had much impact [10]. The review established aesthetic
obligations as justification for cleaning and downplayed
any possible role of the surface environment as a source
of infection.

This view has changed over the past twenty years. Inter-
est in hospital cleaning has gradually increased, as careful
epidemiological and molecular studies have confirmed
clear links between patient infections and the healthcare
environment [3, 11-13]. Patients themselves contributed
towards this view since their comments on hygiene have
been linked with tangible figures on hospital-acquired
infection (HAIs) [14, 15]. Indeed, the UK media (rather
than scientific discourse) also played a pivotal role in a
renewed focus on hospital hygiene, by reporting patient
complaints of visually dirty wards and infections caused
by resistant hospital pathogens [16-18]. Patients and
visitors put two and two together and damaging news-
paper reports regarding incidents and outbreaks of
methicillin-resistant Staphylococcus aureus (MRSA) and
C. difficile, forced both managers and government to
examine hospital cleanliness more closely. This resulted
in the launch of national surveillance programmes for
HAIs, after which appeared a range of different moni-
toring systems for hygienic practices including cleaning
[19]. Such an approach has flourished on an international
basis [20]. However, there remains dissent over the extent
of the environmental contribution to HAI, given that
patients often suffer infections emanating from their own
microbial carriage [21-23]. Furthermore, the evidence
base is compromised by global attitudes towards quality
cleaning, which varies considerably within and between
hospitals, and indeed, countries [24]. Environmental
monitoring has not generally progressed further than
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visual inspection, and indeed, measurable standards for
surface bioburden have not yet been universally accepted.
In general, cleaning practises depend upon the whim of
individuals, including those in managerial positions.

The aim of this review will focus on the recent history
and current status of domestic cleaning in hospitals, with
emphasis on general surface cleaning for clinical areas
and especially sites within the patient bedspace. Decon-
tamination of clinical/patient equipment and sterilisation
of surgical instruments are not included. It is clear that
cleaning practices require renewed and persistent atten-
tion in order to determine how, when and where to clean,
and what is needed to embed risk-based practice into
hospitals across the world [12].

Why has it taken so long for hospital cleaning to attract
attention?

The importance of hospital cleaning has long suffered a
profound lack of recognition and there are several rea-
sons for this. Firstly, healthcare pathogens of interest
are invisible; this might be obvious to a microbiologist
but not necessarily to anyone else, including healthcare
workers. Pathogen presence can only be confirmed after
clinical and/or environmental specimens are sent to the
laboratory for processing. Cultures predominantly yield
bacteria and fungi, because these are relatively straight-
forward to culture, but there are specific viruses and
parasites associated with HAI that require specialised
detection methods. Pests such as mice, rats, cockroaches,
birds and Pharaoh’s ants (and associated debris) are vis-
ible but these constitute a rather different challenge for
infection control (Fig. 1) [25].

Secondly, there is, of necessity, an aesthetic bias [11].
Hospitals that are visibly dirty are not acceptable to staff,
patients or visitors and steps are taken to remedy this on
a routine basis. Indeed, extra cleaning is always imple-
mented during an outbreak, whether or not the outbreak
organism is known to exploit an environmental niche. So
instituting a study to examine the effect of quality clean-
ing in one unit or hospital, while disregarding practices in
another would never be permitted.

Thirdly, even in the midst of an outbreak, it may be dif-
ficult to target key environmental sites simply because
the ward offers such a huge surface area from which to
sample. There are multiple sites available for microscopic
contamination, including the air. Further compound-
ing this, is the fact that current sampling and culturing
methods do not, or cannot, always detect the pathogen of
interest. This is well illustrated by the problems faced by
virologists in trying to demonstrate surface contamina-
tion with viable SARS-CoV-2 [26]. Norovirus is another
example. Even spores of C. difficile prove challenging to
detect if detailed procedures are not followed in the labo-
ratory [27].
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Fig. 1 Pigeon on his way to X-ray, UK cancer hospital basement corridor, May 2023

Next, the current emphasis on evidence-based medi-
cine insists on data from the classic randomised, con-
trolled and double-blinded trial, in order to confirm the
superiority of one product or intervention over another.
For some of the reasons just stated, hospital cleaning
presents difficulties in adhering to this standard demand

[28]. Indeed, much of what we do in the name of infec-
tion prevention and control is also subject to simi-
lar challenges. It is not possible to randomise, or blind,
implementation of many infection control activities,
and certainly not during an outbreak. Outbreaks occur
suddenly, with little warning, and require immediate
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institution of bundled interventions in order to bring
transmission opportunities under control as quickly as
possible. Unfortunately, we never know exactly which
component of the bundle has had what effect on the nat-
ural progression of an outbreak [3].

Next, is the inadmissible fact that we do not yet have
universally agreed standards for hard surface cleanli-
ness in the healthcare environment [29]. When is a sur-
face ‘clean’? [30]. Which level of contamination, for what
surface type, in which area, ward or unit, provides assur-
ance that there is less risk of a patient succumbing to
HAI? This is also complicated by the fact that methods
for sampling hard surfaces, culture and identification are
varied, inaccurate, unreliable, necessarily expensive, time
consuming and require microbiological expertise [31]. It
is also the case that surfaces may be influenced by daily
application of cleaning fluids, antimicrobial surface coat-
ings, wear and tear, and even biofilm. A set of micro-
biological standards encompassing generic hand-touch
sites within, and outside, near-patient areas, providing a
benchmark for HAI risk would be extremely helpful, not
just for infection control and domestic agencies, but as
an early indication of a potential outbreak.

Next, there arises a cleaning issue for older hospitals,
with poorly maintained fabric and internal fixtures [32].
It is much easier to clean intact, rather than disintegrat-
ing, surfaces on furniture, fixtures, fittings and floors.
Asking staff to clean stained, damaged, torn, scratched,
cracked or non-existent areas destroys incentive as well
as allowing additional environmental niches for potential
pathogens.

Finally, and perhaps most important of all, is the fact
that cleaning is viewed through a prism of social class
entwined with sexism. The removal of dirt is usually
regarded as women’s work, and therefore of secondary
importance [11]. Women clean because their percep-
tion of dirt and disgust clearly entices action whereas
men either don’t notice a dirty environment or don't
care [33]. Unproven, and conflicted by sense of duty, reli-
gious and societal expectations, even fear, most women
instinctively know that dirt removal is integral to their
health as well as to those that they care for. This may be
illustrated by the so-called ‘nesting’ instinct which flour-
ishes during the later stages of pregnancy. Nature’s way,
perhaps, of ensuring a clean environment for the vulner-
able neonate. Sensing ‘dangerous’ dirt involves more than
visual signals; it requires the detection of odour, ambi-
ence, clutter, alongside knowledge and insight, and it
will foster discomfiture for the sensor without remedial
action. In the community, an insidious, internalised sex-
ism tells women that an impeccable home is a sign of her
worth. This is embedded in societies across the world,
intertwined with low pay; low status; and widespread
social attitudes to dirt and its removal [33, 34]. Hospital
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cleaners are themselves ‘invisible’ on a hospital ward, just
like the pathogens they seek to remove. This ‘invisibility’
is not necessarily visual, since the term can also be used
as a comment on societal standing [35]. Cleaners rec-
ognise the value of what they do, but on a busy hospital
ward their work is often overlooked by others, notably
clinical staff.

A brief history of hospital cleaning

When did interest in hospital cleaning first arise? While
there were 18th century monographs on hospital infec-
tion describing ‘wards tainted by unwholesome efflu-
via, the concept of a clean hospital was first pioneered
by Florence Nightingale, a woman and a nurse [11, 36].
Nightingale was well aware of the spread of disease by
direct or indirect contact [37]. Before this, there had
been various theories encompassing so-called ‘miasma;,
where diseases floated through the air over distances,
and ‘contagion; whereby person-to-person spread of dis-
ease occurred [38]. But it was Nightingale who went a
step further and applied practical interventions in order
to reduce ‘contagion! While working in the Crimea, she
and her nursing team reduced infection rates with basic
cleaning, wound hygiene, fresh air, laundry practices and
bed spacing. Her long-lasting legacy on hospital hygiene
included hospital design, provision of fresh air and
hygiene practices, and remained for well over a century
before scientific and economic challenge [11].

Cleaning was eventually established as an HAI rem-
edy in the late 1990’, but there had already been inter-
est in the role of the environment as a pathogen reservoir
during the 1960’s. One article reported potential links
between contaminated surfaces and community out-
breaks, resolving only after introducing appropriate
cleaning and disinfection regimens [39]. These outbreaks
highlighted specific items such as contaminated chop-
ping boards (salmonella) and diving masks (Gram-nega-
tive organisms and fungi), as well as surfaces in a woollen
mill associated with an outbreak of cutaneous Bacil-
lus anthracis. The review stated that the mill surfaces
were highly important as the source of spores, and that
the sampling area provided a direct correlation with the
degree of hygiene and risk of disease [39]. The latter pro-
vides a prophetic statement for hospital cleaning stan-
dards first proposed in 2004 [29].

An Australian study in 1967 linked hospital-acquired
S. aureus with persistent environmental reservoirs after
phage-typing isolates from patients’ noses, wounds, air,
linen and curtains [40]. Prior to this, the same authors
had investigated the contribution of bedding and air to
hospital-acquired staphylococcal infection [41]. The 1967
study widened the sampling scope to include curtains
and found that over 20% were contaminated with patient
strains. The authors could not determine whether this
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was due to the hands of nurses and doctors or to patients
themselves. They stated that the laundry facilities did not
permit the frequent changing and washing of these cur-
tains, and of note, this is often the case nowadays.

In 1974, a London-based microbiologist called Isobel
Maurer wrote a book entitled, ‘Hospital Hygiene, dedi-
cating an entire chapter to surface cleaning [25]. This
book covered all aspects of hygiene and infection con-
trol, including management of hospital pests such as
rats, mice and pigeons. Maurer wrote, ‘Some hospitals
are clean; in others, cleaning standards are miserably
low. There is no simple solution for the problem of a dirty
hospital’ She offered a check list of solutions designed to
enhance cleaning practices in hospitals, many of which
remain relevant today [11]. During the 1980’s, a senior
nurse at the Royal Hobart hospital in Tasmania realised
the risk from burgeoning MRSA in Australia and stab-
lished an ‘infection control cleaning’ team. Domestic ser-
vices retained management of the individuals involved
but the team received daily operational guidance from
infection control. Healthcare-associated MRSA rates at
this hospital have remained low, despite regular imports
from mainland Australia [42].

Cleaning barely featured in the literature during the
1980’s but in 1993 there was a paper in an American jour-
nal describing the investigation of a cluster of mupiro-
cin-resistant S. aureus on a dermatology ward [43]. The
authors stated that S. aureus was ‘not usually associated
with an environmental reservoir, but postulated that con-
tamination was encouraged by patients with desquamat-
ing skin conditions. This study attempted PFGE typing
of strains from patients and environmental sources and
showed that all mupirocin-resistant isolates had similar
DNA typing patterns. The authors called for more strin-
gent cleaning of communal areas and items implicated
in the outbreak. An accompanying editorial recounted a
statement from a book published in 1966: “Care should
be taken to avoid the too facile assumptions that an arti-
cle carrying (contaminated by) staphylococci is necessar-
ily implicated in staphylococcal cross infections” [44, 45].
The general consensus was that staff hands transmitted
outbreak strains from patient to patient [46]. But, no S.
aureus was actually recovered from the hands of sampled
personnel during this outbreak [43]. The editorial con-
cluded that the role of the environment as a reservoir
of the epidemic strain was unresolved. Presumably, the
effect from any cleaning activity aimed at removing the
reservoir would also be regarded as ‘unresolved:

In 1996, there was a screening study centred around
an MRSA patient in a side room [47]. The study showed
how over 40% staff entering the room could acquire
MRSA on gloved hands even if they only touched sur-
faces within the room rather than the patient. Unfortu-
nately, the paper did not extrapolate the potential impact
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of targeted cleaning. Indeed, despite detailed epidemio-
logical work strongly suggesting a link between the envi-
ronment and patient infection, this, and other papers fail
to mention the word ‘cleaning’ as the obvious solution,
let alone methods, or frequencies. However, a series of
letters published in 1998 described widespread environ-
mental contamination with MRSA in UK hospitals and
proposed cleaning as a clear remedy [48-50]. Earlier that
year there had already been two linked articles debating
the state of hospital hygiene by two nurses in the Nurs-
ing Times [51, 52]. Following these, a review on hospital
cleaning emerged, after managers at a Scottish hospital
tried to reduce the cleaning frequencies for ‘non-clinical’
areas directly adjoining wards [11]. The review concluded
that there was little or no robust scientific evidence to
support the benefits from routine cleaning other than
the usual aesthetic obligations. Given that this occurred
while MRSA was sweeping across the whole of the UK,
the review conspired to draw together different aspects
of transmission risks from the environment and any arti-
cles which supported domestic activity in hospitals [11].

The first paper to highlight links between environ-
mental, staff and patient strains suggesting exogenous
acquisition of resistant Gram-negative bacilli appeared
in 1999, and this study also utilised PFGE typing to con-
firm potential associations [53]. The screening process
recovered a range of Gram-negative genera including
Pseudomonas, Enterobacter, Stenotrophomonas and Aci-
netobacter spp. from hand-touch sites, some of which
were indistinguishable from patient isolates. Two years
later, there was an MRSA outbreak on a male urologi-
cal ward in England which introduced and reviewed the
impact of additional cleaning [54]. The results suggested
that despite all the usual interventions implemented in
response to the outbreak, it wasn't until cleaning hours
were doubled that the outbreak receded. The authors
considered the costs incurred and found that balanc-
ing cost of infections against the cost of extra cleaning
provided an estimated cost benefit of £27,786 for the
6-month outbreak in 2000. This was the first paper to
examine domestic expenditure against the cost of hos-
pital-acquired infection. Following this, came a report of
another outbreak in an English hospital, this time caused
by Acinetobacter baumanniii in a neurosurgical intensive
care unit [55]. During efforts to control the outbreak,
the authors noticed a significant correlation between the
number of A. baumannii isolates from monthly surface
screening and the number of patients with A. bauman-
nii colonization or infection in the same calendar month
(P<0.004). Enhanced cleaning with 1000 ppm sodium
hypochlorite reduced the number of environmental iso-
lates and cases. The authors made it quite clear that high
standards of cleaning were integral to controlling this
outbreak [55].
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While there was increasing recognition of pathogen
reservoirs in the healthcare environment, with cleaning
as the obvious solution, not all infection control profes-
sionals were convinced. The evidence base, along with
many other infection prevention activities, was circum-
stantial at best, and non-existent at worst. It seemed that
the only way to raise awareness of the cleaning effect was
to establish microbiological standards for surface bio-
burden in order to be able to measure impact. Utilising
tangible counts would enable researchers to model bio-
burden against a range of parameters, including cleaning
and decontamination methods, in order to find the evi-
dence that was lacking [29].

Measuring microbial bioburden on surfaces

During the early 2000, several professional bodies in
the UK published standards or audits regarding environ-
mental cleanliness in hospitals [56, 57]. Without numeri-
cal measures, however, evaluating the quality of hospital
cleaning and cleanliness was limited. These, and other
national guidelines, could only propose a range of visual
indices, which do not necessarily correspond with micro-
biological risk [58]. Since cleaning could be a cost-effec-
tive method of controlling HAI it needed investigation as
a scientific process with measurable outcome. To achieve

Fig. 2 Agar covered dipslide showing <5 cfu/cm?
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this, it was thought necessary to adopt an integrated and
risk-based approach, which would include preliminary
visual assessment, rapid sensitive tests for organic soil
and microbiological sampling [58]. Such an approach had
already been established by the food industry to manage
cleaning practices in a cost-effective manner [59]. There
was also an index of microbial air contamination (IMA)
established for healthcare environments at risk, with
maximum acceptable levels for different classes of con-
tamination [60]. Even recreational waters are subject to
analysis for microbial indicators of human sewage and
corresponding health risk [61]. Clearly, if bioburden on
hospital surfaces could be quantitated; monitored; and
modelled against cleaning activities, staffing, occupancy
and/or infection rates, among other variables, then the
removal of dirt constituted a science in its own right [62].

Original microbiological standards comprised two
proposals: first, the identification of an indicator organ-
ism of potential high-risk to patients (<1 cfu/cm?) from
hard surfaces, and secondly, the quantitative assessment
of organisms recovered from a hand contact site, regard-
less of identity (aerobic colony count (ACC)<5 cfu/cm?)
(Fig. 2) [29].

Finding of >5 cfu/cm?® from a hand contact surface,
whatever the identity of isolates, indicates that there
might be an increased risk of infection for the patient
in that environment. This should generate an evaluation
of cleaning/disinfection practices and frequencies based
on three suppositions: first, an increased microbial bur-
den suggests that there has been insufficient cleaning.
This would increase the chances of finding a pathogen.
Second, a heavy microbial burden may mask the finding
of a pathogen. Third, a heavy concentration of specific
organisms implies an increased chance of finding an epi-
demiologically related pathogen, e.g. coagulase-negative
staphylococci and S. aureus.

Given that it takes as little as 5 cfu of S. aureus to ini-
tiate infection, the choice of 1cm [2] as the surface area
standard was deliberate [29, 63, 64]. The area of the top of
an adult digit is close to 1cm [2], with that of the thumb
even larger. Sampling visually clean hands repeatedly fur-
nish multiple cfu of skin organisms but few pathogens
including S. aureus [65].

Are hospital cleanliness standards useful? The answer
to this is a generic ‘yes) given that a range of microbiolog-
ical benchmarks have been used to assess disinfectants;
cleaning practices; cleaning interventions; automated
devices; and antimicrobial surfaces, and surface counts
can be modelled against hand-touch frequency; HAI
rates; air counts; cleaning efficiencies; cleaning frequen-
cies and additional methods for monitoring surface
cleanliness. [13, 66—84] However, the choice of micro-
biological standards depends on multiple factors, so
that every healthcare institution should decide on the
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standard that works for them. Once implemented, the
data can be collected over time and analysed against
according to HAI risk. Every hospital is different and only
by analysing long term trends will relevant indicators or
triggers for likely infection incidents and even outbreaks
become apparent [31]. Universal hard surface standards
require robust background data as well as consensus over
cleaning practises.

Current status of hospital cleaning and cleaners

Since work showing that patients in newly cleaned
side-rooms have an increased risk of acquiring the
same pathogen as a previous occupant, there has been
increased support for the environmental role in HAIL In
fact, this arguably constitutes the best justification that
we have for hospital cleaning [85]. One rarely knows
exactly how pathogens reach patients, however, even if
we have mounting evidence for favoured environmen-
tal reservoirs. As infection control staff know only too
well, ‘tracing an infection to a specific exposure is chal-
lenging’ [86]. There are a dozen or more ways a microbe
travels between people and surfaces (and back again),
and reservoirs include all hand-touch sites, as well as
sites which cannot be, or are never touched (air vents,
airborne microbes following sudden draughts, etc.). Hos-
pital air itself constitutes a potential reservoir, although
clearly under investigated at present [71]. Added to this
is continued uncertainty from genotyping, which is sup-
posed to ratify links between patients and the environ-
ment. It may not, because without detailed epidemiology,
we cannot discern the direction of travel [87]. Further-
more, clonal spread of a particular pathogen can be so
prolific that sequencing may not necessarily distinguish
the nature of spread in infection incidents or the ever
present possibility of a long-term outbreak grumbling
along beneath the alert threshold [22, 88]. More research
utilising careful and detailed epidemiology, supported by
genotypic data, will help to cement the evidence base for
a hitherto poorly studied science [28, 89].

Cleaning methods deserve hauling into the 21st cen-
tury, since buckets and mops, cloths, dusters, dustpan,
brushes and broom, remain the staple armoury for clean-
ers since the time of Florence Nightingale. We do have
impregnated wipes available, at a cost; and vacuum clean-
ers, scrubbing machines and automated decontamination
equipment, also at a cost. But the most effective clean-
ing practices, tailored to patient risk, are still a mystery.
How exactly should surfaces be cleaned? Where should
cleaning be prioritised? How often? What approach is
needed for clinical areas accommodating highly vul-
nerable patients? Even the debate over detergents vs.
disinfectants has not yet been resolved [6]. A sterile envi-
ronment is not achievable, or if it is (after exposure to
powerful microbicides), then it does not remain sterile
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for long. There exists a so-called environmental microbi-
ome, which is disrupted every time a surface is cleaned
[90, 91]. Just as for the human gut, when patients suffer
overgrowth of Clostridium difficile following antibiotic
therapy, exposure to powerful disinfectants removes resi-
dent flora on environmental surfaces, leaving vast acres
of space available for other microbes to contaminate.
These disinfectants remove susceptible microbes, so that
only those able to withstand microbiocidal effect will
remain. The amount and/or type of recontamination may
be worse than what was there in the first place [69]. Wip-
ing alone, or with water or detergent, is much less likely
to damage the surface ecosystem. Hence, support for the
environmentally friendly view, that we should seek to
routinely remove pathogens from surfaces rather than try
to obliterate them [92].

Even if healthcare cleaning has achieved global
acknowledgement, the very people who perform it
remain unrecognized and undervalued for the most part.
Many of them receive little or no training for what they
do, and they lack the career framework, structure and
progression enjoyed by most other professions [93]. There
are fewer opportunities for advancement in housekeep-
ing positions, often compounded by language and liter-
acy problems. The current status of cleaning personnel,
depicted by lower pay scales and basic conditions, does
not necessarily reflect the physical cleaning effort and
personal risks required to protect patients from hospital
pathogens. People who clean are regularly confronted by
risk of injury, poisoning, or scalding from equipment and
fluids, as well as infection risks from exposure to facilities
and occupants with transmissible pathogens. The dichot-
omy between increasing attention towards a clean envi-
ronment and the social and professional level of those
who make it happen has widened considerably. Therein
is a balance that should be redressed as we contemplate
the ever increasing risk of antimicrobial resistance and
untreatable infection. Cleaners constitute the front line in
the war against multidrug-resistant microbial pathogens.

Future outlook for hospital cleaning

There remain issues regarding hospital cleaning despite
its undoubted importance for both aesthetic appearances
and infection control. One of the most pertinent is to
establish some form of training and advancement frame-
work for people who clean hospitals, and indeed, other
public venues [94]. Removing dirt is not quite as simple
as it sounds. There are numerous methods for wiping,
mopping, dusting and decontaminating surfaces to start
with, and ever increasing product choice, including auto-
mated devices and novel disinfectants [74, 92, 95, 96].
Indeed, a risk-based approach to cleaning in the health-
care environment is still in its infancy. The is perhaps
because a ward, rather than a household or office, is an
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unnatural and unpredictable environment, so that obvi-
ous reservoirs and transmission vectors themselves can
be subjugated by microbicides, obscure contamination
and unlikely vectors. For these reasons, an all eventual-
ity approach is currently employed alongside expected
aesthetic obligations. It will take a paradigm shift to set
up practices based on clinical risk and the educational
base required for implementation. Perhaps the first step
should be to extend guidelines and policies from basic
surface cleaning in hospitals to specialised cleaning tasks,
such as clinical and electrical equipment, cleanrooms and
high-level isolation units. Experience and qualification in
such duties would help enhance the status of domestic
personnel, which should be reflected by salary and career
progression [94].

Standard operating procedures (SOPs) for cleaning and
decontamination are evident in most hospitals. They are
supposedly tailored to clinical and non-clinical areas, but
there are major disparities even within hospitals, as well
as between hospitals, and certainly between hospitals in
different countries [24, 93]. While better resourced hos-
pitals debate the frequency of bed space cleaning, for
example, less well-off hospitals struggle to access clean
water, let alone sufficient domestic staff [70, 93, 97].
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Establishing some universal standards for surface
cleanliness would undoubtedly help focus attention
on what cleaning actually is, and what it does. As for
SOPs, these should reflect type of hospital, unit, patient
vulnerability and infection risk. Working towards an
evidence-based benchmark should encompass routine
cleaning practices, cleaning products, sampling methods
and laboratory process [31, 83]. As already mentioned,
it is entirely appropriate for each institution to decide
on the level of cleanliness deemed appropriate for its
patients therein, with long term monitoring to establish
range and trends of bioburden (Fig. 3).

Sampling and processing methods need to be taken
into account, since dipslide sampling may yield different
quantitative data than RODAC plates or sponge sam-
pling. Collection of environmental surveillance data over
time would allow modelling against HAI rates and even
predict cross-infection incidents and outbreaks. Given
that some countries espouse detergent-based cleaning as
opposed to a cocktail of disinfectants, then these stan-
dards will undoubtedly require flexibility and validation.
Cleaning practices (especially those using microbiocidal
agents) undoubtedly influence regular surface bioburden
[90].

)\2&.\\.\__ |

als

.

THIS HOSPITAL WAS
CLEAN YESTERDAY;
WE’RE SORRY YOU !
MISSED IT

Fig. 3 Comment on tenuous status of hospital cleanliness
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The burgeoning science of hard surface biofilm rep-
resents a potential threat to SOPs and standards, given
that superficial wiping might only remove free-floating
planktonic organisms, and not the entire microbiologi-
cal village hidden within surface crevices [98]. Failure to
disrupt biofilm does not necessarily have to invalidate
this type of manual cleaning, however, since it should
be possible to determine relative risk from appropriate
cleaning frequencies [99]. Timely physical removal of
newly liberated pathogens can be achieved while leaving
the biofilm structure relatively intact. At present, opti-
mal cleaning frequencies for all surface types and differ-
ent areas of clinical risk in the healthcare environment
remain unknown. Perhaps seeking complete obliteration
of hard surface biofilm in our hospitals might be viewed
as disproportionate, let alone time-wasting and expen-
sive. Indeed, excessive use of disinfectants, enzymes and
physical force could create additional risk, since Nature
abhors a vacuum and will fill it up if she can [90].

It is likely that business and cleaning industries will
continue to produce innovative products and equipment
aimed at removing or neutralising dirt from the environ-
ment. Industry and infection control staff appear to be
fixated on automated decontamination devices at pres-
ent but the associated problems and huge cost of these,
will ultimately deter managers and poorly resourced hos-
pitals looking for simpler solutions [96]. Whatever novel
device, antimicrobial surface or magic cleaning product
might suddenly appear, hospitals can never discard the
cleaning workforce [91, 100]. Emptying bins, replenishing
linen and towels, cleaning toilets and rubbish retrieval
from floors and other surfaces circumvent widespread
installation of automated devices, at least for the moment
[91].

Finally, in the wake of the COVID-19 pandemic, there
is a new infection paradigm to consider and that concerns
pathogen dissemination through the air. Most airborne
particles eventually fall to the ground or any interven-
ing surface except for the tiniest particles. This means
that particle content in indoor air is a subset of what may
be found on surfaces [71]. So there is a pressing need to
consider methods for ‘cleaning’ indoor air — and maybe
even the provision of risk-based standards for clean air in
all public venues, including hospitals [101]. Cleaning the
air in hospitals, whether through filtration, disinfection
or fresh air replacement, will have a beneficial effect on
deposited surface bioburden, including pathogens [102].

Conclusion

Has hospital cleaning finally ‘come of age, rather than
trailing behind more popular infection control activities,
such as hand hygiene? [89]. One would like to think so.
The balance between hand hygiene and cleaning hand-
touch sites should be equal and opposite but domestic
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duties have not yet generated the global flag waving
witnessed for hand hygiene [103]. Hands have to touch
something to function, and if the surfaces they touch are
contaminated, then attempts at keeping hands clean are
automatically invalidated. Furthermore, it is a lot easier
to ratify good cleaning than it is to sustain hand hygiene
compliance. Hospital cleaning does not have to depend
upon personal whim. It does require evidence-based
surface standards, however, along with training, regular
monitoring and education for all domestic staff. Recog-
nising the value of a clean hospital should benefit clean-
ers themselves, with elevated status and corresponding
salary scales [64, 94, 104].

There is no doubt that antimicrobial chemotherapy
and vaccines were the 20th century antidote to infection.
However, the 21st century needs to broaden its scientific
attitude to infection, and that is achieved by a deeper
understanding of pathogen transmission. If we cannot
treat infection, we should at least try to prevent patho-
gens from reaching patients in the first place. Knowing
where the pathogens are, and how they spread, allows
clinicians, academics and commercial entities to devise
practices and technology aimed at protecting people
both inside, and outside, the healthcare environment.
Removing dirt from surfaces, whether visible or not, is
fundamental to good health [105]. It is time for cleaning,
still the Cinderella of infection control, to step into the
spotlight [11].
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