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Summary

Ten hand-touch sites were screened weekly on twgcsll wards over two
consecutive six-month periods. The results weréyaed using hygiene standards,
which specify 1) an aerobic colony count (ACC) x&uscnt, and 2) presence of
coagulase-positive staphylococci, as hygiene fadusites most often failing the
standards were beds and hoist (64%: 33 of 52 welegdside lockers (62%: 32 of
52) and overbed tables (44%: 23 of 52). Methiciflrssceptible/resistant
Saphylococcus aureus (MSSA/MRSA) were more often recovered from lockers
overbed tables and beds. Recovery of MSSA/MRSAwntsite was significantly
associated with an ACC>2.5cfu/€iinom that site (p=0.001; OR: 3.35 (95% ClI
1.79, 6.28)). In addition, total ACC’s>2.5cfu/Ceach week were significantly
associated with weekly bed occupancies >95% (p£d.,00R: 2.94 (95% CI 1.44,
6.02)). Higher microbial growth levels from handith sites reflect weekly bed
occupancies and indicate a risk for both resisaadtsusceptibl&aureus. These

organisms are more likely to be recovered from 4padient sites on the ward.



|. Introduction

Patients and their visitors believe that the visyglearance of a hospital ward is
linked with the risk of infection but there is ldtevidence for this (Dancer 1999).
Whether the hospital environment looks clean oy indiosts a variety of
microorganisms, some of which are multiply resistarantibiotics (Dancer 1999).
Staphylococci, in particular, can survive for Igoeriods in the environment and it
is possible that the presence of a staphylocoesafvoir, including methicillin-
resistanSaphylococcus aureus (MRSA), could represent an infection risk for

patients (Dancer 1999; Wagenvoort et al. 2000acBay al. 1997).

It is known that staphylococci are transmitted ketavpatients, staff and the
hospital ward environment (Boyce et al. 1997; Damteal. 2006; Hardy et al.
2006; Lidwell 1981). The most probable mode of sraission is via ‘hand-touch’
sites, since these sites offer a niche to micravsgas deposited from the hands,
particularly fingertips (Dancer 2004; Dancer 20BRalla et al. 2004). Examples
include near-patient surfaces such as beds, cartaerbed tables and bedside
lockers, and surfaces further away from patientsh &is computers, telephone and

switches on electrical equipment (Boyce et al. 1@hcer 2004; Fitzpatrick et al.

2000; Lemmen et al. 204; Sexton et al. 2006; Wititel. 2008).

Thoroughand adequateleaning could potentially eliminate the staphyloca
reservoir and disrupt transmission to patients (@a2007; Fitzpatrick et al. 2000;
Hardy et al. 2006; Sexton et al. 2006) but thetgtis evidence for this at present

(Noone & Griffiths 1971; Rampling et al. 2001). kaaf evidence may be due to



the fact that there is currently no scientific nzettior measuring the cleaning
process (Dancer 2004). Cleanliness is usually éggmavisually but whilst this

may address aesthetic concerns, it cannot detemmgrebial contamination
(Griffith et al. 2000). Therefore, standards forfane level cleanliness have been
proposed. These are based on internationally résegdistandards used by the food
industry, and modified to reflect differences betweisk management in food

preparation and the risk of hospital-acquired itilec(HAI) (Dancer 2004; Malik

/{ Deleted: 1

hospital hygiene standards is that the latter $psarfaces frequently touched by
hands. They stipulate identification of potentiathmpgens from any site, along
with quantitative assessment of aerobic colony tOAGC) from hand-touch sites

(Dancer 2004).

This project aimed to investigate the microbiol@dicleanliness of two hospital
wards over two consecutive six-month periods, uliegproposed standards with
methicillin-susceptibl&.aureus (MSSA) and MRSA as indicator organisms. We
were also keen to examine any relationships betheets of microbial dirt on

hand-touch sites, bed occupancy rates and themmest MSSA/MRSA.

1. Materialsand Methods

I1.1 Study wards

The two study wards A and B contain twenty-one hredsiding two side-rooms
in a UK teaching hospital. Ward A is situated oa tinst floor of a 100-year old

building with Ward B directly above. Both have #@me layout, with two side-



rooms at the entrance of the ward and the remalyélg positioned in groups of
three-five in open cubicles on either side of tremwalkway through the ward.
Ward A is an acute male surgical ward and ward fBri$emales, although each
occasionally hosts patients of the opposite sexwgie-rooms are in short
supply. Both wards share medical and ancillaryicdinstaff (physiotherapy, etc.)
and occasionally nursing staff. The wards are @ddyy the same team of

domestic staff to the same specificatitiris comprises a daily mop and vacuum,

followed every other weekday by a spray clean, lobtivhich take place in the

morning (White et al. 2007). At weekends and ouhoifirs, Domestic Services

offer spot checks, and there are additional ressuiwr special and outbreak
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are admitted for routine and emergency generakesyiigom home, Accident and
Emergency, Surgical Intensive Care and SurgicahHgpendency wards. There
were no major outbreaks involving either ward dgriine year-long study, and no
additional infection control initiatives other thewutine education to promote hand

hygiene.

I1.2 Environmental screening

An environmental audit was performed weekly on‘temd-touch’ sites; three
from bedside areas (patient lockers, overbed taidsed), three from items of
clinical equipment (patient hoist, infusion pumpldiood pressure (BP) stand),
three from sites at the nurses’ work station (cotmpkieyboard, desk and patient
notes) and the tenth site was a side-room doorl@aRdr the purposes of
statistical analysis, patient lockers, overbedesiaind beds were designated as

‘near-patient’ sites; the remainder as ‘far-patisites. Screening began on ward B



for a six-month period and then moved to ward Addurther six months.
Sampling took place after the ward had receivetbitsine daily clean, which
encompassed floors, bathrooms, kitchen and gewardl surfaces. Clinical
equipment, lockers and overbed tables are routitiegned by nursing staff to a

set protocol.

Samples were taken from hand-touch sites on the s@ard hoist, BP stand and
computer keyboard but from different items représgrthe remaining sites at
varied times and on various days, once weekly tjitout each consecutive six-
monthly period. One biomedical scientist organitexiscreening programme and

trained and supervised others to a set protocol.

[1.3 Microbiology

Dipslides were chosen for environmental samplirayjing been previously
validated in other studies (Griffith et al. 2000hi#¢ et al. 2008; Obee et al. 2007).
One dipslide were used to sample each site, oeecsiated with nutrient agar and
the other with Baird Parker agar (Biotrace®, BriddeUK). The slides were

pressed gently against the site to be sampledhasdite whole surface of the agar

made contact with the site, and this pressure vastained for a maximum of

three second#\fter sampling, dipslides were incubated at 30°@iirfor 48 hours.
Microbial growth on nutrient agar was quantified<@s5 cfu/cni = scanty growth;
2.5-12cfu/crA = light growth; 12-40cfu/cf= moderate growth; and 40-
100cfu/cni = heavy growth, according to manufacturer's recamdations. Black
colonies on Baird Parker were identified to germv®l by colonial morphology

and Gram film. Gram-positive cocci were differerdhby catalase test and



staphylococci designate®i aureus or coagulase-negative staphylococci (CNS) by
Staph-plus (Pastorex®, Stockport, UK). Coagulasstive isolates were
subcultured onto MRSA chromogenic agar (Oxoid, @Kl incubated at 37°C in
aerobic conditions overnight. Antimicrobial susdifity testing was performed

on all staphylococci using the Vitek system stadid&d in accordance with the
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Clinical Laboratory Standards Institute (CLSI) gelides. 1

I1.4 Hygiene status analysis

The standard set for finding a potential pathogestlicfu/cni (Dancer 2004). For
this study, we chose coagulase-positive staphyt@scindicator organisms
(Wagenvoort 2000b). A second standard stateshbabtal aerobic colony count
(ACC) from a hand-touch site should not exceeds2cBu/cnt (Malik et al. 2003;
Dancer 2004)Exceeding these levels suggests insufficient ahgamasks the
presence of a pathogen or implies an increaseccehafrfinding a pathogen with
similar epidemiological properties, e.g. CNS &dureus (Dancer 2004). A
hygiene failure was therefore defined as a sith ait ACC greater than
2.5cfu/cnt or any hand-touch site demonstrating the presehBESSA and/or

MRSA.

[1.5 Statistical analysis

All variables (higher microbial growth, presenceMBSA and/or MRSA and total
hygiene failures) are binary (Yes/No) and were ys&d using logistic regression
to investigate the relationship between the vartgpss of hygiene failures and

ward, sampling day of the week, season of the Yt occupancy and site. 95%

Confidence intervals for the odds ratio of a hygialure are calculated. Exact



binomial confidence intervals for the percentagsitafs with a hygiene fail are

calculated. Fisher’'s Test was used for tests sdaation.

There was little difference in the overall micrdleowth results between the two
wards from all ten sites (Table 1). There were nM&SA isolated from Ward B
than Ward A (22 isolates vs 8 isolates in six mepthut not as many MRSA

(seven isolates vs nine isolateB)ere were no outbreaks of MRSA among

patients on either ward during the screening progne, although we did identify a

cluster of four patients with MRSA in the secondntinoof screening on Ward A.

These patient isolates were sent to the ScottisisMReference laboratory for

molecular typing (Macfarlane et al. 1999). Thisseduently showed that two

strains were indistinguishable by PFGE but diffetereach of the other two.

Sites most often failing the hygiene standards wet&nts’ beds and the ward
hoist (33 of 52 potential failures), lockers (325@) and overbed tables (23 of 52).
There were also failures from the nurses’ deskcamdputer keyboard (13 of 52),
BP stand (11 of 52), infusion pump and side-roomr d@ndle (10 of 52) and
patient notes (9 of 52). MSSA was recovered fransisds and MRSA from all
except the door handle, infusion pump and patietésy Patients’ lockers, beds

and overbed tables were most likely to harbour olzesg-positive staphylococci.

Higher microbial growth (ACC>2.5 cfu/cinat a site was significantly associated

with the site (p<0.0001) and with bed occupancyd(p804). There was no

| Deleted: 1




evidence of any difference between the two ward®.@7), nor with the sampling
day (p=0.31) or winter season (p=0.53). In fachtesi season was confounded
with bed occupancy, which is higher in the winfEnere is a monotonic
association between growth and bed occupancy levbkre the average number
of sites per week with a growth failure is 2.4 écapancy is <= 80% and 4.3 if
occupancy is 95%+ (Table 2). The odds ratio ofcawjn failure is 2.94 (95% CI
1.44, 6.02) times greater if occupancy is 95%+921112, 4.27) occupancy 90-
95%, 1.48 (0.75, 2.95) occupancy 85-90%, 0.93 (AL4B) occupancy 89-85%,

compared to <= 80%.

There were more microbial growth failures from hddekers and hoist compared
to door handle, keyboard, infusion pump, nurseskdpatient notes and BP stand,
with overbed table in between. The three near-pasites (bed, locker and
overbed table) demonstrated significantly more oti@al growth than the seven
other sites, OR = 4.4 (95% CI 2.9, 6.7), p<0.00Blbwever, there was still
evidence of residual variation between the site8,@01. The ward hoist, usually
stored at the entrance of the ward, demonstraggtehimicrobial growth levels

than the overbed table, which was always near dtierg.

MSSA and MRSA were combined in the statistical gsial as the numbers were
small. Among the 352 sites with scanty microbialvgth levels (<2.5 cfu/cf),
5.3% had additional MSSA/MRSA (95% CI 3.3%, 8.3%#ile among the
remaining 168 sites demonstrating higher levelsisfobial growth, 16.1% had
MSSA/MRSA (95% CI 10.1%, 22.5%). The presence oAAMRSA at a site

was significantly associated with light to modergitewth at the same site



(p=0.0001). If a site exceeded the microbial grolettel standard then the OR of

also having MSSA/MRSA was 3.35 (95% CI 1.79, 6.28).

There was marginal evidence of more MSSA/MRSA fofroch Ward B
compared to Ward A (p=0.06) with an OR 1.79 (95%00b, 3.34). There was no
evidence that MSSA/MRSA was associated with s, tccupancy, day of the
week or season. Adjusting for microbial growth levend ward, the comparison of
near-patient with far-patient sites had an odds @ft1.7 (95% CI 0.9, 3.3),
p=0.11. The odds of demonstrating MSSA/MRSA frorarAgatient sites were
70% greater than from far-patient sites, but thas wot statistically significant.
Out of the 156 near-patient sites sampled, 13 weséive for MSSA (8.3%, 95%
Cl 4.5%, 13.8%) and 9 for MRSA (5.8%, 95% CI 2.7%,7%). Out of the 364
far-patient sites tested 17 were positive for MS8A%, 95% CI 2.7%, 7.4%) and
7 for MRSA (1.9% 95% CI 0.8%, 3.9%). There was minlence of an association

between MRSA or MSSA and near or far-patient gted(54).

V. Discussion

This environmental audit demonstrated the presehbeth MSSA and MRSA at
hand-touch sites on two acute surgical wards atgttgvarying levels of

microbial contamination. The most important findingm the study is the fact that
the most heavily contaminated sites were situdtgd beside patients in their
beds. Potential pathogens could be transmittedtiends from hands that have just
touched one or more of these contaminated sitesd@&007). In addition,

confirmation of the finding that heavier microbggbwth from a hand-touch site is

10



significantly associated with the presence of ctespipositive staphylococci
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et al. 2007; Griffith et al. 2007). If we assumattimore microbes are recovered
from a visually dirty surface as opposed to a Migudean one, then the findings
from this study support the premise that a patemnore likely to acquire MRSA

if resident upon a visually dirty ward. This jugs the current interest in hospital
cleaning and suggests that there should be manetiath given to basic cleaning of
hand-touch sites in clinical wards, particularlggk situated beside the patient

(Dancer 2007).

Domestic staff are not necessarily responsiblelfmaning all the hand-touch sites
included in this study. The sites posing the gtaiek, bedside lockers, overbed
tables and beds, are routinely cleaned by nurséiseostudy wards. Trained nurses
are usually responsible for cleaning clinical equémt between patient use. In this
hospital, domestic staff would only have been raespie for cleaning the side-

room door handle and the top of the nurses’ desk.

It has already been suggested that there is agia8en between high bed
occupancy rates and hospital-acquired MRSA (Bo@32Cunningham et al.

2006; Kibbler et al. 1998). This study found anoassion between weekly bed
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occupancy rates and higher levels of microbtaltaminatiopfrom hand-touch .~
sites. This suggests that busy wards are moreylikdbe microbiologically dirty,
and therefore represent a higher risk of infectmpatients. We did not find a

significant association between the presence djidaae-positive staphylococci

and bed occupancy rates, but it is possible thathen study utilising a more

11



frequent and extensive sampling regimen might destnate such an association. A
recent report from the Department of Health stdtasthe association between
MRSA rates and bed occupancy appears to have wedkkming 2004-2006

(DOH http://www.dh.gov.uk/publications). Since the analyses were performed

using MRSA bacteraemia rates, this finding is mwpssing. It would be better to
use total MRSAacquisition rates in hospitals when looking at associatiorte wi
bed occupancy rates. In any case, Trusts now tsablished protocols for
dealing with colonised patients, which would circuant future invasive sepsis

including MRSA bacteraemia.

There has long been dissent over the importanbasi€ cleaning in a hospital.
This study provides more evidence supporting theevaf such cleaning in the
control of hospital-acquired MSSA and MRSA. We hdpat the findings
presented here help stimulate future studies eXxagthe effect of targeted

cleaning on patient acquisition of MSSA/MRSA imatial areas.
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Table L egends

Table 1: Environmental screening results from two acute surgical wards over

two consecutive six-month periods

Table 2: Total weekly microbial growth failures (>2.5 cfu/cm?) associated with

weekly bed occupancy rates on two surgical wards over two consecutive

six-month periods
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Table 1: Environmental screening resultsfrom two acute surgical wards over

two consecutive six-month periods

Site Ward | Microbial MSSA MRSA Any MSSA Any
Growth or MRSA Hygiene Fall
>2.5
cfulent

Bedside Locker A 17 0 1 1 17

B 15 6 1 7 15

Bed Frame A 20 2 4 6 20

B 13 1 0 1 13
Overbed Table A 11 2 1 3 11
B 10 2 2 4 12
Hoist A 13 0 2 2 14
B 18 3 0 3 19
Door handle A 3 2 0 2 5
B 4 1 0 1 5
Keyboard A 5 0 0 0 5
B 7 2 1 3 8
Infusion Pump A 7 0 0 0 7
B 1 2 0 2 3
Nurses Station A 2 1 1 2 4
B 5 3 1 4 9
Patient Notes A 3 0 0 0 3
B 5 1 0 1 6
BP Stand A 1 1 0 1 2
B 8 1 2 3 9

NB. Some siteswith ACC>2.5cfu/cm? also demonstr ated the presence of

methicillin-susceptible or methicillin-r esistant S.aureus (M SSA/MRSA)
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Table 2: Total weekly microbial growth failures (>2.5 cfu/cm?) associated with

weekly bed occupancy rates on two surgical wards over two consecutive

six-month periods

Bed Number Total Growth failures Any MRSA or MSSA
Occupancy
Weeks Mean 95% 95% Mean 95% 95%
LCL UCL LCL UCL
<=80% 9 2.4 1.6 3.5 1.2 0.6 2.1
80-85% 9 2.3 1.5 3.3 0.7 0.2 1.4
85-90% 12 3.1 2.3 4.0 0.8 0.4 1.5
90-95% 13 3.8 2.9 4.7 0.7 0.3 1.3
95%+ 9 4.3 3.3 5.4 11 0.5 1.9

NB. Entries arethe mean number of sites per week with microbial growth or
M SSA/M RSA failuresfrom 10 hand-touch sites. The higher the bed
occupancy rate, the more microbial growth isrecovered from hand-touch
sites.
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