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Abstract

Background: Concerns have been raised over poor standards of hospital cleanliness and insufficient time for staff to
clean reusable communal patient care equipment. These items may then act as vectors for the transmission of nosoco-
mial pathogens between hospital patients.

Aim: To evaluate the impact of cleaning duration on nosocomial infection rates and estimate the time required to clean
care equipment in accordance with national specifications (i.e. a ‘time to clean’).

Methods: A systematic review of the published literature on cleaning times and an observational study in which nine
healthcare workers cleaned seven items of care equipment while the duration of time taken to clean each item was
measured.

Results: A limited volume of low-quality evidence indicates that increased cleaning times in hospitals can reduce the
incidence of healthcare-associated infections (HCAIs). The mean ‘time to clean’ for care equipment ranged from 166.3 s
(95% confidence interval [Cl] = 117.8-214.7) for a bed frame to 29.0 s (95% CI = 13.4—44.6) for a blood pressure cuff.

Discussion: ‘Time to clean’ estimates for care equipment provide an indication of how much protected time is neces-
sary to ensure acceptable standards of cleanliness. Clinical trials are needed to further evaluate the impact of increased
cleaning times on nosocomial infection rates.
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Background

Current microbiological and epidemiological evidence
indicates that contaminated surfaces of reusable communal
patient care equipment may contribute to the transmission
of nosocomial pathogens (Otter et al., 2013). Accordingly,
existing research implies that improved cleaning and disin-
fection of these surfaces can reduce the incidence of health-
care-associated infections (HCAIs) (Donskey, 2013). A
recent systematic review on the relationship between shared
patient care items and HCAIs concluded that equipment is
commonly contaminated with nosocomial pathogens,
including multi-drug resistant organisms, which may be
associated with patient colonisation and infection (Livshiz-
Riven et al., 2015).

In Scotland, recent annual reports by the Healthcare
Environment Inspectorate (HEI) have expressed concerns
over a consistently poor standard of cleaning in some hos-
pital departments. In particular, seven of the inspections
carried out in emergency departments recognised ‘signifi-
cant shortcomings with either the cleanliness of the depart-
ment, patient equipment, or both’ (Healthcare Improvement
Scotland, 2015: 17); yet these findings are not unique to
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Figure 1. PRISMA flow diagram (Moher et al., 2009).
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Scotland (Carling et al., 2010). It is advocated by the
authors of the HEI report that hospitals should be establish-
ing systems to ensure a sufficient ‘time to clean’ between
patients.

The NHSScotland National Infection Prevention and
Control Manual recommends that reusable communal
patient care equipment should be decontaminated between
each use, as well as at regular predefined intervals as part of
an equipment cleaning protocol (Health Protection Scotland,
2016). While responsibility for cleaning particular items is
often delegated to either nursing or domestic staff on the
basis of local policy, there may still be confusion over which
member of staff acquires responsibility at a given time and
place (Dumigan et al., 2010). The need to frequently clean
patient care equipment may therefore place a substantial
burden on both nursing and domestic staff. Estimates of the
time required to clean individual items would allow for pro-
tected time to be accommodated, ensuring that equipment is
cleaned with the appropriate frequency.

This systematic review aimed to evaluate the published
literature to: (1) provide an estimate of the time currently
being spent by healthcare workers on cleaning shared
patient care equipment, both nationally and internationally;
and (2) assess the impact of cleaning times on the incidence
of HCAIs. The observational component of the study
intended to provide estimates of the time required by
healthcare workers to clean individual items of reusable
communal patient care equipment in accordance with the
NHSScotland National Cleaning Services Specification
(NCSS) (Health Facilities Scotland, 2016).

Methods
Systematic review

The databases MEDLINE, CINAHL and EMBASE were
searched to identify relevant published literature. A com-
bination of Medical Subject Headings (MeSH) and

free-text search terms were developed and adapted to suit
each database, including the following: ‘housekeepers’,
‘cleaners’, ‘domestics’, ‘medical equipment’, ‘shared
equipment’ and ‘non-invasive equipment’. In addition,
Google Scholar was used to search for grey literature rel-
evant to the subject. All literature searches were con-
ducted in May 2016. Articles were excluded from the
review on the basis of the following criteria: article was
published in a language other than English; article did not
concern the decontamination of reusable communal
patient care equipment (i.e. off-topic); or article con-
cerned reusable medical devices (e.g. ultrasound trans-
ducers). The time period 2000-2016 was chosen for the
database search, following a scoping exercise on publica-
tion activity relevant to the subject.

The systematic review followed the Preferred Reporting
Items for Systematic reviews and Meta-Analyses
(PRISMA) format for study identification and selection
(Figure 1). Initially, the title and abstract of each article
were screened for relevance by the lead reviewer. Of those
articles that were deemed potentially relevant, the full text
was retrieved and screened against the exclusion criteria.
For situations in which it was unclear whether studies
should be included, consensus was reached through discus-
sion with the other reviewers. Reference Manager
(Reference Manager Version 12, Thomson Reuters) was
used for bibliographic management.

Critical appraisal of the studies was carried out using the
Scottish Intercollegiate Guidelines Network (SIGN) meth-
odology (SIGN, 2012). As a further measure, the
McDonald—Arduino evidentiary hierarchy was used as a
framework for assessing the evidence relevant to the impact
of time spent on equipment cleaning (McDonald and
Arduino, 2013). Together, these two systems classify evi-
dence on the basis of both study design (e.g. interrupted
time series) and outcome measure (e.g. reduction in micro-
bial bioburden); such a combination allows the evidence to
be graded on multiple parameters of quality.
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Observational study

The observational component of the study was conducted
in the clinical skills laboratory of Glasgow Caledonian
University. Ethical approval from the regional NHS
Research Ethics Committee was not necessary for this
study as it would not impact upon patient care. Written
informed consent was obtained from all participants who
volunteered for the study. These participants were recruited
by contacting senior managers responsible for domestic
services and infection control. Nine participants cleaned
selected items of communal patient care equipment and the
duration of cleaning for each item was recorded using a
stopwatch. Seven high-touch items of care equipment were
chosen from the published literature: bed frame, bed rails,
bedside table, call system, notes trolley, blood pressure
(BP) cuff and intravenous (IV) drip (Cheng et al., 2015;
Smith et al., 2012).

The participants included two infection control nurses,
three hospital domestic staff (all with experience of at least
one year) and four non-clinical infection control staff.
Involvement of the non-clinical staff was used to estimate
the time taken by newly employed domestic staff without
any prior training; in such circumstances, the domestic staff
provided a demonstration of the cleaning procedure for
each item in advance, in accordance with the NCSS. The
observers were not masked to the occupation of partici-
pants, although data collection forms were subsequently
made anonymous using randomly allocated numbers. This
measure ensured that the data analyst remained unaware of
participant occupation until data analysis had been com-
pleted. Data were collated in a spreadsheet and analysed
using SPSS (SPSS Statistics Version 21, IBM). The ‘time to
clean’ was summarised by calculating the means, medians
and percentiles for each item. One-way ANOVA was used
to determine if there was a statistically significant differ-
ence in ‘time to clean’ between the three occupations.

Results
Systematic review

The literature search identified 367 unique articles follow-
ing de-duplication. After screening by title and abstract, 43
proceeded to the subsequent stage. Following screening by
full text, five articles were included for critical appraisal.
No articles were excluded during the appraisal process.
Two articles (Saito et al., 2015; Zoutman et al., 2015) esti-
mated the time currently being spent by healthcare workers
on cleaning shared patient care equipment and three articles
(Dancer et al., 2009; Rampling et al., 2001; Wilson et al.,
2011) evaluated interventions which increased the time
spent on cleaning (Table 1). The quality of included studies
was predominantly of SIGN level 3 evidence (e.g. cross-
sectional studies); however, there were a few studies classi-
fied as SIGN level 2+ evidence (e.g. cross-over studies).

Similarly, the studies varied across the McDonald—Arduino
evidentiary hierarchy from level V (i.e. demonstrating a
reduced incidence of infections) to level II (i.e. demonstrat-
ing in-use bioburden reduction). Consequently, the evi-
dence was judged to be of low to moderate quality.

Saito et al. (2015) concluded from their observational
study that healthcare workers undertaking multiple roles as
a part of their job (e.g. registered nurses) tended to perform
cleaning and disinfection tasks with a lower frequency and
for a shorter duration. In particular, housekeepers spent
almost twice as long on equipment cleaning (23 min per
shift) than registered nurses (13 min per shift). The average
duration of time spent cleaning fixed surfaces (e.g. beds
and chairs) was over nine times as long for housekeepers
(94 min per shift) as it was for registered nurses (10 min per
shift). Zoutman et al. (2015) used a questionnaire distrib-
uted to senior managers to ascertain that routine cleaning of
a private room required nearly half as long a mean time
(17.3 min) as that needed to clean a ward room (34.2 min)
with an unspecified number of beds. Likewise, terminal
cleaning of a private room took almost twice as much time
(30.4 min) as routine cleaning, mainly due to additional
tasks (e.g. replacement of privacy curtains). This observa-
tion implies that higher room turnover, resulting from a
shorter length of stay, would further increase the amount of
time required to keep patient rooms clean.

The interventional studies that evaluated the impact of
increased cleaning times operated in one of three different
forms: (1) increasing the daily frequency of routine clean-
ing; (2) increasing the total number of working hours for
cleaning staff; or (3) recruiting additional cleaning staff. All
three studies demonstrated a reduction in either environ-
mental contamination and/or HCAIs. However, no single
study examined the effect of an increased cleaning time in
isolation; therefore, it was not possible to determine
whether these outcomes were due to the increased time
spent cleaning or other elements of the intervention.

Observational study

Of the seven high-touch items of communal patient care
equipment, the bed frame required the longest mean ‘time
to clean’ (166.3 s; 95% confidence interval [CI] = 117.8—
214.7), followed by the bedside table (83.4 s; 95% CI =
55.2-111.7). In contrast, the call system (31.3 s; 95% CI =
15.0-47.5) and the BP cuff (29.0 s; 95% CI = 13.4-44.6)
underwent the shortest mean cleaning times (Table 2).
Figure 2 shows a box plot summary of ‘time to clean’ (in
seconds) by item.

Despite variation in the experience of participants, there
was broad uniformity in the time taken by different occupa-
tions to clean the selected items. One-way ANOVA deter-
mined that there were no statistically significant differences
between non-clinical, nursing and domestic staff in the
mean ‘time to clean’ (P = 0.69).
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Table I. Characteristics of included studies.

Studies estimating current cleaning times

Study design  Country  Population Outcome
Saito et al. Cross- USA 144 healthcare workers, including Observed frequency of cleaning
(2015) sectional 3| housekeepers and 34 registered and disinfecting tasks (recorded at
study nurses, across three general hospitals 5-min intervals) as a proportion of
and two university teaching hospitals. shifts (% of total shifts) and observed

time spent performing cleaning and
disinfecting tasks per shift (min/shift).

Zoutman et al. Cross- Canada 50 senior managers responsible for Estimates of the time required
(2015) sectional environmental services/housekeeping to perform routine cleaning and
study across acute care hospitals. terminal cleaning of private, semi-

private and ward rooms.

Studies evaluating increased cleaning times

Study Time-based
Authors (date) design Country Population intervention
Wilson et al. Randomised UK Two intensive  Twice daily cleaning,  Statistically significant reduction in
(2011) cross-over care units. in addition to usual environmental methicillin-resistant
study once daily cleaning Staphylococcus aureus (MRSA) per
for three two-month  bed-area day from 14.6% to 9.1% (P
periods. = 0.006), sampled from five randomly

selected sites around the bed areas,
staff hands and communal sites.

Dancer et al. Non- UK Two matched  An additional Statistically significant reduction
(2009) randomised surgical member of cleaning in levels of environmental
cross-over wards. staff introduced contamination of 32.5% (P < 0.0001),
study for a period of six by weekly sampling of ten hand-touch
months. sites and a borderline statistically

significant reduction in new MRSA
infections of 26.6% (P = 0.032).

Rampling et al. Interrupted UK One general An increase in Reduction in patient acquisition of
(2001) time series surgical ward.  routine domestic an outbreak strain of MRSA from 30
cleaning time from cases in the six months prior to the

66.5 h to 123.5 h per intervention to three cases over the
week for a period of  following six months.
six months.

Table 2. Mean ‘time to clean’ for selected items for all Discussion

occupations. .. . . e s T
The limited evidence retrieved within this review is indica-

Item Mean ‘time to clean’ (s)  95% Cl tive of the lack of original research conducted in the field of
decontamination more generally. Perhaps unsurprisingly,
the evidence base was of low quality, particularly with
Bed Rails 65.9 46.3-85.4 regard to the impact of increased cleaning times on the
occurrence of HCAIs. Of the few trials relevant to this issue,
most adopted a cross-over design that evaluated a complex
Call System 31.3 15.0-47.5 intervention with multiple cleaning components. In order to
determine the effect of modifying cleaning times, it would
be necessary to design a trial that evaluated this component
BP Cuff 29.0 13.4-44.6 in isolation from other modifications to the cleaning regime
(e.g. use of microfibre technology). Even if a ‘wash-out’
period is incorporated into a cross-over trial, it is difficult to

Bed Frame 166.3 117.8-214.7

Bedside Table 834 55.2-111.7

Notes Trolley 65.2 51.7-78.8

IV Drip 50.6 32.9-682
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Figure 2. Box plot of ‘time to clean’ for selected items for all occupations.
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establish whether the period is sufficient to exclude ‘carry
over’ between treatments. For this reason, it would be advis-
able to conduct a trial with independent treatment and con-
trol groups, in which the control group is allocated standard
cleaning practice. In addition, future trials should include a
sufficient follow-up period to prove sustained, long-term
improvements in cleanliness and a consequential impact on
patient-relevant outcome measures.

The only available estimates of the time spent by health-
care workers on cleaning were provided by studies con-
ducted in Canada and the USA. These estimates may not be
representative of cleaning times in North America, let alone
accurately depict cleaning times on an international level.
Additional detailed surveys on the time currently spent by
healthcare workers on cleaning are essential to inform the
content of interventions for future trials evaluating modi-
fied cleaning times. There is also a lack of clarity over the
terminology used to distinguish reusable communal patient
care equipment from reusable medical devices (RMDs) or
fixtures and fittings in the patient environment. For exam-
ple, Livshiz-Riven et al. (2015) list ultrasound transducers
as non-invasive portable items potentially shared between
patients, which might otherwise be categorised as RMDs.
Likewise, Saito et al. (2015) include ward furniture, such as
bedside tables, as ‘fixed surfaces’ belonging to a separate
category from patient care equipment. Such confusion
interferes with attempts to provide accurate estimates of the
time spent on cleaning communal patient care equipment.

Relatively little research attention has been paid to the
physical components of decontamination, such as the effi-
cacy of different scrubbing actions (Sattar and Maillard,

2013) or the duration of time healthcare workers spend
cleaning surfaces. In light of this absence, we aimed to pro-
vide an estimate of the time required for healthcare work-
ers, including both experienced and novice domestic staff,
as well as nurses, to clean selected items of reusable com-
munal patient care equipment in accordance with proce-
dures outlined in the NCSS. The format of the observational
component did incur a number of limitations: in particular,
the study did not intend to evaluate the effectiveness of
cleaning by different occupations. Rather, it aimed to pro-
vide cleaning time estimates that represented the variable
experience of healthcare workers in the NHS. This is par-
ticularly noteworthy when considering the high level of
staff turnover for hospital domestic workers in the UK
(Davies, 2005). However, despite the broad occupational
range of participants, only nine individuals volunteered for
the study and a larger sample size might have improved
external validity of the estimates. The higher proportion of
infection control staff might be expected to have raised
cleaning times through greater thoroughness, yet Xu et al.
(2015) found that infection control professionals were less
effective at cleaning high-touch surfaces than environmen-
tal service workers.

Since the data used for this paper was drawn from a
larger unpublished study on equipment cleaning within hos-
pital wards, operating theatres and intensive care units, not
all participants were available to clean every single item.
Recognising this limitation, the missing data (7.9%) were
balanced across both occupations and items, and is therefore
unlikely to have influenced the findings of the study. In
addition, the study was conducted within a simulated
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teaching ward, instead of a clinical ward with ongoing
patient care; hence, the circumstances may not have been
entirely representative of cleaning duties in the near-patient
environment (e.g. patient belongings on bedside tables
necessitating removal prior to cleaning). On the other hand,
this study offers the strength of being the first study, follow-
ing a systematic search of the literature, to provide estimates
of the time required for healthcare workers in the NHS to
clean items of reusable communal patient care equipment.

Conclusion

‘Time to clean’ estimates suggest that the most frequently
handled items on a hospital ward offer potential sites for
targeted cleaning that could maximise reduction of patho-
gen transmission rates at a relatively minimal expense of
time.
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