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KEYWORDS Summary We compared the ability of ultramicrofibre-woven cloths with
Meticillin-resistant conventional cloths moistened with water only, for their ability to remove
Staphylococcus several types of organisms relevant to hospital-acquired infections from
aureus; a variety of surfaces in hospitals. We showed that ultramicrofibre cloths
Acinetobacter; . . . . . .

Clostridium difficile copglstently outperformed con\{entlonal.cloths in their decontam.matlon
spores; ability, across all surfaces, and irrespective of whether the bacteria were
Klebsiella; coated on to the surfaces with phosphate-buffered saline (PBS) or PBS con-
ATP bioluminescence taining horse serum to simulate real-life soiling. The ability of the cloths to

remove bacteria from surfaces was assessed by contact plating and colony
formation, and by swabbing and measurement of ATP bioluminescence.
The results suggest potential for use of ultramicrofibre in healthcare envi-
ronments. Further studies are required, however, to define accurately how
these cloths, which are designed to be used without detergent or biocides,
might be capable of safe and effective deployment and recycling in the
healthcare environment.
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Introduction

Healthcare-associated infections (HAIs) persist,
despite increasing concern and resources allocated
to their control. Organisms responsible for such
infections may relate to the patient’s own flora, or
may be acquired either from healthcare staff, or
the environment. Controversy persists concerning
the relative contribution of the environment to
HAL." It is nevertheless clear that some if not most
pathogens can contaminate and persist in a viable
state in the hospital environment for weeks if not
months.?~* Many outbreaks have been attributed
to such environmental sources, which have to be
identified and eliminated for outbreak termina-
tion.>® Eliminating such sources relies on physical
removal by cleaning, disinfection by biocidal
agents, or both.”

The physical forces which determine the relative
ability of different types of cleaning cloth to
remove chemical and particulate matter from
surfaces are complex and not easily defined.
Accordingly, classical cloth-based cleaning requires
disinfectants as well as detergents if pathogens are
to be consistently and effectively removed, neu-
tralised, or both.%? The need for agents with disin-
fectant properties presents its own problems, as
microbiocides containing halides, or oxygen-releas-
ing compounds (such as peroxides), or quaternary
ammonium compounds can be harmful to health,
degrade the built environment, and some, such as
triclosan, are implicated in driving antimicrobial re-
sistance.'® ' Enhanced removal of particulate
matter (such as bacteria) from surfaces without
having to resort to potentially toxic and destructive
biocidal agents would therefore be advantageous
not only to local ecology, but also to the structure
of the building itself.

Physical removal of dirt and bacteria from the
hospital environment usually involves the passage
of cloths, or mops, across surfaces. Cloths woven
with microfibre (MF) have recently been intro-
duced to the market, and MF mops have been
shown to be more effective at surface cleaning in
hospital wards than string mops.”'® Microfibres are
produced by splitting larger fibres of polyester/
polyamide composite and by definition weigh less
than 1 decitex (1¢g/10000 m). Ultramicrofibres
(UMF) are even thinner, and are designed to have
a weight of <0.3 decitex. Unlike conventional
yarn-based cleaning materials and systems, UMF
cloths are woven from a continuous UMF strand
and are designed to be used with low volumes of
water containing neither detergent nor biocidal
additives. The positively charged fibres remove

particles by a combination of static attraction
and capillary action. UMF cloths might also con-
form better to surfaces containing small abrasions
invisible to the naked eye, in which bacteria might
lodge and remain after passage of a larger conven-
tional wet loop mop fibre. Several UK hospitals are
already using this alternative cleaning technology.
Unlike the considerable experience and published
data concerning microfibre-related removal of
bacteria in the field of food safety, we know of
no published work relating to the performance of
UMF cloths in this respect in the healthcare arena
other than that of Moore and Griffith who have re-
cently published a comprehensive laboratory study
on the decontamination properties of microfibre
cloths.'1

Accordingly, we set out to compare and contrast
standard wet loop (J cloths) and UMF cloths for
their respective abilities to remove bacteria rele-
vant to HAI from several surfaces currently used in
clinical hospital areas.

Methods
Materials

Microbiological plates and reagents were pur-
chased from Oxoid Ltd (Basingstoke, UK). The
ATP swab test was purchased from Biotrace
(Bridgend, UK). Horse serum and bovine serum
albumin (BSA) were purchased from Sigma.

Hard surfaces

We used several different surfaces for these stud-
ies: a rough tile (Marmoleum; Forbo Nairn),
a smooth tile (Project Vinyl; Forbo Nairn), lamin-
ated worktops — both new and worn (aged >10
years, taken from a ward in the closed Middlesex
Hospital, London) — and stainless steel surfaces
identical in grade and finish to those used for
University College London Hospitals (UCLH) clean
room environments. The surfaces were steam-
cleaned (131 °C) before use. At the time of these
studies, all of these surfaces were being incor-
porated into the clinical areas of the new UCLH
NHS Trust.

Cloths

We used UMF cloths manufactured from a composite
80% polyamide/20% polyester fibre (Vikan AB, Vis-
kafors, Sweden). The comparator cloth used was
the commercial J cloth, which was used new and
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only once. Both types of cloths were moistened with
deionised water immediately prior to use.

Estimation of bacterial contamination by
contact plating

The hard surfaces described above were intention-
ally contaminated with bacterial suspensions
whose concentrations were adjusted by McFarland
standards, and subsequently validated by culture
and calculation according to the method of Miles
and Misra." Wild type clinical isolates of meticil-
lin-resistant Staphylococcus aureus (MRSA), Acin-
etobacter calcoaceticus var. baumannii (ACCB),
Klebsiella oxytoca (K. oxytoca) in logarithmic
phase growth and spores of Clostridium difficile
were used in these studies as previously de-
scribed.' Bacterial suspensions were made in
phosphate-buffered saline (PBS) with or without
7% BSA, and 100 pL inoculated onto pre-cleaned
and marked 100 cm? areas of each surface and
spread using a sterile spreader. After leaving the
samples to dry for 2 h at room temperature, the
surfaces were then wiped with either UMF or J
cloths with a specific crossover motion as recom-
mended by the UMF manufacturer. Bacteria were
sampled pre- and post-cleaning using contact
plates (tryptic soy agar, Oxoid; 19.6 cm? contact
area) which were placed on the surfaces for 5 s be-
fore removal and incubation at 37 °C in either 5%
CO,, or in an anaerobic chamber in the case of ex-
periments performed with C. difficile, and colony-
forming units were counted after 24 or 48h
incubation.

Estimation of bacterial contamination by
measuring surface ATP levels

The hard surfaces were intentionally contami-
nated with bacteria as described above except in
the case of the results presented in Figure 3 where
bacterial suspensions in PBS with 10% horse serum
were applied three times at two-hourly intervals
and then allowed to dry overnight to simulate
a soiled surface not cleaned for 16 h. After wiping
with UMF or J cloths as described above, the sur-
faces were swabbed and ATP levels assessed as de-
scribed below.

Biotrace ATP bioluminescence assay

The assay was performed as described by the
manufacturer (Biotrace, Bridgend, UK). Briefly,
swabs were removed from their containers and
drawn in a defined and consistent pattern (up and
down, then side to side while rotating the swab)

across the area to be sampled. The swabs were
then reinserted into their containers and allowed
to react with the reagents in the cuvette for 10 s.
The swabs were immediately placed into the
Biotrace hand-held luminometer and the relative
light unit (RLU) reading on the display was re-
corded. In order to avoid variability, all swabbing
and readings were made by the same operator.'®

Statistical analyses

All statistical analyses were carried out in STATA
9.0 and tests of significance were reported signif-
icant if P < 0.05. We used (parametric) t-tests and
(non-parametric) Mann—Whitney tests to compare
differences in cfu and RLUs for the two cleaning
methods (J cloths and UMF cloths) after cleaning.

Results

Table | shows that UMF cloths are considerably
more effective than J cloths at removing MRSA,
Acinetobacter, K. oxytoca and spores of C. difficile
(applied in PBS and allowed to dry) from all three
of the work surfaces tested. In most cases, clean-
ing with UMF cloths, but not J cloths, resulted in
complete, or almost complete, removal of cultur-
able bacteria or C. difficile spores from all three
surfaces. Importantly, UMF cloths were particu-
larly effective on old laminate surfaces where
the bacteria are most likely to be hidden away in
micro-fissures on the used surface. In this experi-
ment, ACCB and to some extent MRSA were partic-
ularly poorly removed by J cloths in contrast to
UMF cloths.

In the healthcare environment, bacteria are
often found on surfaces in association with organic
matter. Accordingly, we performed similar exper-
iments with two different seeding densities of
bacteria suspended in PBS containing 7% BSA that
were applied to four different surfaces commonly
used in hospitals. Table Il again clearly demon-
strates that UMF cloths are more effective than J
cloths in removing bacteria from all four surfaces
regardless of the number of bacteria seeded. In
contrast to the results in Table I, in the presence
of 7% BSA K. oxytoca was the bacterium most
poorly removed by J cloths whereas UMF cloths
were highly effective.

In addition to the standard microbiological
methods we also used ATP bioluminescence to
compare the ability of UMF and J cloths to clean
contaminated hospital surfaces. We calibrated the
Biotrace ATP assay by directly inoculating the
swabs with MRSA, ACCB and K. oxytoca. The RLUs



Table I Removal of bacteria or bacterial spores from three hospital surfaces using either J cloths (JC) or ultramicrofibre (UMF) cloths

Target organism  No. of bacteria New laminate high touch surface (cfu)  Old laminate high touch surface (cfu) Steel tile (cfu)
seeded Pre-clean Post-JC clean Post-UMF clean Pre-clean Post-JC clean Post-UMF clean Pre-clean Post-JC clean Post-UMF clean
MRSA 2 x 10° >500 36 0 >500 215 0 >500 178 0
>500 232 2 >500 229 0 >500 100 0
>500 91 0 >500 251 1 >500 119 0
ACCB 2 x 106 >500 462 3 >500 253 0 >500 158 7
>500 >500 7 >500 340 0 >500 248 12
>500 >500 4 >500 364 0 >500 435 14
Klebsiella oxytoca 2 x 10° >500 40 0 481 2 0 >500 14 0
>500 22 0 >500 12 0 >500 14 0
>500 34 0 >500 14 0 >500 38 0
Clostridium 1.5 x 10* 55 1 0 54 2 0 53 1 0
difficile spores 73 0 0 72 0 0 61 1 0
76 2 0 62 1 0 59 2 0
Uninoculated - 2;3;0 - — 1;0; 0 — - 1; 0; 1 — —
background

MRSA, meticillin-resistant Staphylococcus aureus; ACCB, Acinetobacter calcoaceticus var. baumannii.
Triplicate readings at each experimental point are shown since readings >500 cannot be used when calculating mean + SD values.

Table Il  Removal of bacteria suspended in 7% bovine serum albumin from four hospital surfaces using either J cloths (JC) or ultramicrofibre (UMF) cloths

Target No. of Smooth tile (cfu) Rough tile (cfu) New laminated Steel tile (cfu)
organism bacteria worktop (cfu)

seeded Pre-clean Post-JC Post-UMF Pre-clean Post-JC Post-UMF Pre-clean Post-JC Post-UMF  Pre-clean Post-JC  Post-UMF

MRSA 1.2x10° 386+ 14 22 +2 0 469 + 22 44+2 1+0 352423 6+2 0 21243 58 +4 0
1.2 x 10° >500? 3843 0 >500? 83+3 2+1 >500? 6+3 1+1 >500? 29+4 0

ACCB 5x10* 310+9 27 +4 0 327+38 1441 0 296 +9 2+1 0 214 £+ 11 2142 0
5x10° >500° 4543 0 >500? 17+£2 0 >500° 3+1 0 >500? 37+3 0

Klebsiella 6 x10* 289+ 11 132 +3 0 389+ 14 61+2 0 239 +13 10+2 0 312+10 38+5 0
oxytoca 6 x 10> >500° 154 +7 0 >500° 95+ 6 1+1 >500° 58 + 1 0 >500° 97 +8 0

MRSA, Meticillin-resistant Staphylococcus aureus; ACCB, Acinetobacter calcoaceticus var. baumannii.
Results shown are mean =+ SD of triplicate readings.
2 In each case all three readings were >500.
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Figure 1 Validation of the Biotrace ATP biolumines-

cence kit. Biotrace ATP swabs were directly inoculated
with meticillin-resistant Staphylococcus aureus (MRSA),
Acinetobacter calcoaceticus var. baumannii (ACCB) or
Klebsiella oxytoca. The swabs were analysed by the lu-
minometer which expresses the ATP of the lysed bac-
teria content as relative light units (RLUs). The results
shown are the mean £SD of triplicate readings. The
mean background reading of swabs wetted with phos-
phate-buffered saline + 10% horse serum with no bac-
teria (11 £ 3, N=3) was subtracted from all readings.

for all three bacteria were concentration depen-
dent (Figure 1). The limit of sensitivity was ~ 103
organisms for each bacterial strain.

We used the Biotrace ATP assay to assess
bacterial contamination on surfaces commonly
used in hospitals. As shown in Figure 2, contamina-
tion of the four surfaces with bacteria in PBS alone
resulted in consistent pre-clean RLUs for all three
bacterial strains. In each case, UMF cloths were
significantly more effective than J cloths, particu-
larly in the case of MRSA (Figure 2a) and K. oxytoca
(Figure 2c) on all surfaces.

Healthcare surfaces are often soiled with or-
ganic matter that may be left uncleaned or
partially cleaned for variable periods of time. We
simulated this ‘real-life’ scenario by applying at
two-hourly intervals three ‘coats’ of bacteria
suspended in PBS with 10% horse serum followed
by an overnight drying period. The results in Fig-
ure 3 show substantially increased (40—120-fold)
RLU pre-clean readings compared with those in
Figure 2 for all three bacteria on all four surfaces;
steel tiles (surface 2) and rough floor tiles (surface
4) had the highest RLUs with all three strains. De-
spite the high level of bacterial contamination,
both UMF and J cloths were effective at reducing
RLUs, although again UMF cloths were significantly
more effective (P < 0.001) in every case.
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Figure 2 Removal of bacteria from four hospital sur-
faces using either J cloths or ultramicrofibre (UMF)
cloths: single application without serum. (a) Meticillin-
resistant Staphylococcus aureus (1.2 x 10%); (b) Acineto-
bacter calcoaceticus var. baumannii (ACCB) (5 x 10°);
(c) Klebsiella oxytoca (6 x 10°). The bacteria were ap-
plied in phosphate-buffered saline and allowed to dry
for 1 h. The surfaces used were: 1, laminate worktop;
2, steel tile worktop; 3, smooth vinyl floor tile; 4, rough
linoleum floor tile. The surfaces were swabbed and the
swabs were analysed by the luminometer which ex-
pressed the ATP of the lysed bacteria content as relative
light units (RLUs). Background RLUs on uncontaminated
areas of the surfaces were: 1: 55+5; 2: 50+£2; 3:
42 + 4; 4: 41 4+ 3. The results shown are the mean + SD
of triplicate readings. Univariate analysis of post-clean
RLUs for J cloth vs UMF are all significantly different
(P < 0.0001) except for ACCB on surface 2 (P=0.0021)
and surface 4 (P=0.04).
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Discussion

The data presented here clearly demonstrate that
when compared with J cloths, UMF cloths consis-
tently remove a larger proportion of organisms
responsible for HAI from several intentionally
contaminated surfaces relevant to healthcare,
irrespective of organism type.

In many cases, passage of UMF cloth over surfaces
seeded with 2 x 10° organisms resulted in total bac-
terial removal. This superior performance, often
leading to complete absence of detectable bacteria
on the various surfaces, persisted in experiments
designed to mimic protein-rich soiling, and was
seen across all types of surface, whether rough or
smooth. This finding is impressive when one con-
siders the degree of adherent bioloading subse-
quent to deposition of bacteria in 10% serum,
where RLU values were ~100 times higher than
those obtained without a source of nutrient being
present (Figures 2 and 3). These results differ signif-
icantly from those of Moore and Griffith who com-
pared the decontamination properties of six
different microfibre (MF) cloths for S. aureus inocu-
lated on steel surfaces. ' These authors noted, how-
ever, significant differences in performance
between different MF cloths, both for decontamina-
tion ability and subsequent propensity for release of
bacteria from the fibres. We have confirmed that all
six cloths used in that study were MF (Dr G. Moore,
personal communication), as opposed to UMF. It is
therefore possible that these divergent results can
be explained by the very different structure and
size of the fibres in the individual cloths used in
the two studies. Like Moore and Griffith we conclude
that different MF cloths (and presumably UMF
cloths) perform very differently with respect to
both removal and retention of bacteria. We are ac-
cordingly now engaged in a comparative study of MF
and UMF performance to further define those ele-
ments which confer performance on the removal
and retention of bacteria.

This laboratory study demonstrates the potential
for this particular brand and physical make-up of
UMF cloth to remove most if not all bacteria from
a variety of surfaces present in many UK NHS
hospitals, without the need for either biocide or
detergent. We acknowledge that such absence of
biocide implies risk; organisms picked up by moist
UMF make used UMF cloths potential sources of
viable organisms — a point highlighted by Moore and
Griffith." In this respect, a fundamental issue with
microfibre relates to its incompatibility with chlor-
ine-based products that are currently widely used
in the hospital environment for mitigation of both
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Figure 3 Removal of bacteria from four hospital sur-

faces using either J cloths or ultramicrofibre (UMF)
cloths: Simulation of ‘real-life’ soiling. (a) Meticillin-re-
sistant Staphylococcus aureus (1.2 x 10%); (b) Acineto-
bacter calcoaceticus var. baumannii (2 x 10%); (c)
Klebsiella oxytoca (2.5 x 10°). The bacteria were applied
in phosphate-buffered saline containing 10% horse serum
three times at two-hourly intervals and allowed to dry
overnight to simulate a soiled surface not cleaned for
16 h. The surfaces used were: 1, laminate worktop; 2,
steel tile worktop; 3, smooth vinyl floor tile; 4, rough lino-
leum floor tile. The surfaces were swabbed and the swabs
were analysed by the luminometer which expresses the
ATP of the lysed bacterial content as relative light units
(RLUs). The results shown are the mean =+ SD of triplicate
readings. Multivariate analysis of post-clean RLUs for J
cloth vs UMF are all significantly different (P < 0.0001).
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bacterial and viral HAls. We have, however, identi-
fied an alternative decontamination system based
on highly charged copper-based compounds.’” We
are in the process of investigating the application
and decontamination performance of UMF in real
time in the hospital environment.

Acknowledgements

We thank Dr G. Moore for comments on the
manuscript.

Conflict of interest statement
None declared.

Funding sources
This study was supported by a grant from the
Chief Nursing Officer for England’s Research
Workstream BCS 205(1) and part funded by the
NIHR UCLH/UCL Comprehensive Biomedical
Research Centre.

References

1. Hota B. Contamination, disinfection, and cross-coloniza-
tion: are hospital surfaces reservoirs for nosocomial infec-
tion? Clin Infect Dis 2004;39:1182—1189.

2. Getchell-White SI, Donowitz LG, Groschel DH. The inani-
mate environment of an intensive care unit as a potential
source of nosocomial bacteria: evidence for long survival
of Acinetobacter calcoaceticus. Infect Control Hosp Epi-
demiol 1989;10:402—407.

3. Kramer A, Schwebke I, Kampf G. How long do nosocomial
pathogens persist on inanimate surfaces? A systematic
review. BMC Infect Dis 2006;6:130.

4, Sexton T, Clarke P, O’Neill E, Dillane T, Humphreys H. Envir-
onmental reservoirs of Staphylococcus aureus in isolation
rooms: correlation with patient isolates and implications
for hospital hygiene. J Hosp Infect 2006;62:187—194.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Englehart S, Krizek L, Glasmacher A, Fischnaller E,

Marklein G, Exner M. Pseudomonas aeruginosa outbreak in
a haematology—oncology unit associated with contaminated
surface cleaning equipment. J Hosp Infect 2002;52:93—98.

. Van Dessel H, Kapm-Hopmans TE, Fluit AC, et al. Outbreak

of a susceptible strain of Acinetobacter species 113 (sensu
Tjernberg and Ursing) in an adult neurosurgical intensive
care unit. J Hosp Infect 2002;51:89—95.

. Dancer SJ. Importance of the environment in meticillin-

resistant Staphylococcus aureus acquisition: the case for
hospital cleaning. Lancet Infect Dis 2008;8:101—113.

. Exner M, Vacata V, Hornei B, Dietlin E, Gebel J. Household

cleaning and surface disinfection: new insights and stra-
tegies. J Hosp Infect 2004;56:570—S75.

. Rutala WA, Gergen MF, Weber DJ. Microbiologic evaluation

of microfiber mops for surface disinfection. Am J Infect
Control 2007;35:569—573.

Russell AD. Bacterial adaptation and resistance to antisep-
tics, disinfectants, and preservatives is not a new phenom-
enon. J Hosp Infect 2004;57:97—104.

Thorsteinsson T, Loftsson T, Masson M. Soft antibacterial
agents. Curr Med Chem 2003;10:1129—1136.

Yazdankhah SP, Scheie AA, Hoiby EA, et al. Triclosan and
antimicrobial resistance in bacteria: an overview. Microb
Drug Resist 2006;12:83—90.

Nilsen SK, Dahl I, Jorgenson O, Schneider T. Microfibre and
ultramicrofibre cloths, their physical characteristics,
cleaning effect, abrasion on surfaces, friction, and wear
resistance. Build Environ 2002;37:1373—1378.
Kusumaningrum HD, Paltinaite R, Koomen AJ, Hazeleger WC,
Rombouts FM, Beumer RR. Tolerance of Salmonella enteriti-
dis and Staphylococcus aureus to surface cleaning and
household bleach. J Food Protect 2003;66:2289—2295.
Moore G, Griffith C. A laboratory evaluation of the decon-
tamination properties of microfibre cloths. J Hosp Infect
2006;64:379—385.

Miles AA, Misra SS. The estimation of the bactericidal power
of the blood. J Hygiene 1938;38:732—749.

Gant VA, Wren MWD, Rollins MSM, Jeanes A, Hickok SS,
Hall TJ. Three novel highly charged copper-based biocides:
safety and efficacy against healthcare-associated organ-
isms. J Antimicrob Chemother 2007;60:294—299.

Davidson CA, Griffith CJ, Peters AC, Fielding LM. Evaluation
of two methods for monitoring surface cleanliness — ATP
bioluminescence and traditional hygiene swabbing. Lumin-
escence 1999;14:33—38.



	Removing bacteria from hospital surfaces: a laboratory comparison of ultramicrofibre and standard cloths
	Introduction
	Methods
	Materials
	Hard surfaces
	Cloths
	Estimation of bacterial contamination by contact plating
	Estimation of bacterial contamination by measuring surface ATP levels
	Biotrace ATP bioluminescence assay
	Statistical analyses

	Results
	Discussion
	Acknowledgements
	Conflict of interest statement
	Funding sources
	References


