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 e compared the performance of an ultramicrofi bre (UMF)-
based system with or without a novel copper-based biocide 
(CuWB50) with standard cleaning using Actichlor Plus in 

four hospital wards in a crossover study design, and analysed our 
results using univariate and multivariate statistics. We measured total 
viable counts (TVCs) and ATP levels in 10 near-patient sites three 
times weekly, one hour before and after cleaning. Standard cleaning 
reduced TVCs further than UMF cleaning with water, but UMF clean-
ing with CuWB50 produced equivalent TVC reduction. Furthermore 
we identifi ed a ‘residual effect’ with UMF +CuWB50, conferring TVC 
suppression for up to a week after application. ATP results did not 
correlate with TVCs. We conclude that UMF-based cleaning with 
CuWB50 results in TVC reductions equivalent to hypochlorite-based 
standard cleaning, with the added advantages of a residual effect that 
keeps TVCs lower between cleaning rounds.  

Introduction 
Adverse media attention has heightened public concern about the 
standards of cleanliness in hospitals and its perceived effect on health-
care associated infection (HAI) rates. The rise in antibiotic-resistant 
bacterial infections has been particularly diffi cult to control and this 
generates morbidity, mortality, increased healthcare costs, and public 
anxiety.

 The hospital environment contributes to cross-infection ( Boyce, 
2007 ;  Hota, 2004 ). The complex nature of the healthcare environment 
provides numerous transmission opportunities for pathogenic micro-
organisms such as meticillin resistant  Staphylococcus aureus (MRSA)

and Clostridium diffi cile ( Dancer, 2008 ;  Verity et al, 2001 ). Furthermore,
most pathogenic micro-organisms can contaminate and persist in a
viable state in the hospital environment for weeks or months ( Kramer 
et al, 2006 ).

It is well established that effective hand hygiene practice reduces the
spread of bacteria that cause HAIs in hospitals, and the benefi cial role
of cleaning is also now becoming clear ( Dancer, 2009 ). Effective
removal of bacteria from the environment using classical cloth/mop-
based cleaning requires disinfectants if pathogens are to be consist-
ently and effectively removed and/or neutralised ( Rutala et al, 2007 ;
White et al, 2007 ).

Microfi bre (MF) materials make a signifi cant difference to the effec-
tiveness of surface cleaning ( Moore and Griffi th, 2006 ;  Nilsen et al,
2002 ; Wren et al, 2008), and MF mops have been shown to be more
effective at microbial removal from surfaces in hospital wards than
string mops ( Rutala et al, 2007 ). However, MF cloths and mops
become contaminated during cleaning and this can lead to the spread
of viable bacteria ( Bergen et al, 2009 ). 

We have shown that the novel copper-based biocide CuWB50,
which is effective against a wide range of pathogenic bacteria, is,
unlike hypochlorite-based disinfectants, also compatible with ultra-
microfi bre mops and cloths (UMF) ( Gant et al. 2007 ,  2010 ). Thus,
UMF impregnated with CuWB50 should assist in the control of path-
ogenic bacteria during the cleaning process, and equally importantly,
in the subsequent safe handling of used UMF ( Gant et al, 2007 ).

Our previous study demonstrated that cleaning with UMF +CuWB50
reduced total viable (bacterial) counts (TVCs) on hospital surfaces by
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56 % compared with a 30 % TVC reduction with UMF  +  water ( Hamilton
et al, 2010 ). Interestingly, there were two separate effects of CuWB50; 
a direct antibacterial effect seen one hour after cleaning and a residual 
effect observed 23 hours after cleaning (one hour before the next clean-
ing round) that reduces bacterial levels ‘round-the-clock’. 

 In the present cleaning study we aimed to confi rm and extend our 
previous fi ndings in a different hospital. Thus, we investigated the 
ability of UMF with or without the addition of CuWB50 (300 ppm) to 
remove bacteria (assessed by TVCs) and also the cleaning effi cacy 
(assessed using the 3 M Clean-Trace ATP assay) in four working wards 
at Mayday Healthcare NHS Trust Hospital (Croydon, London) in a 
crossover design 12-week trial in comparison with standard cleaning 
with cotton mops and cloths using a hypochlorite-releasing disinfect-
ant product (Actichlor Plus at 1000 ppm of available chlorine).   

Materials and methods
Materials
Ultramicrofi bre cloths and mops (UMF) were provided by Vikan (UK) 
Ltd (Swindon, UK). The copper-based biocide CuWB50 was provided 
by ICICS Ltd ( Gant et al, 2007 ). All microbiological materials were 
purchased from Oxoid Ltd (Basingstoke, UK).   

Laundry processing 
UMF were laundered, impregnated with 300 ppm CuWB50 
(UMF  +  CuWB50) and packaged for use by Micronclean Ltd (Skeg-
ness, UK). Electrolux Professional R&D provided a Clarus Controlled 
W4130H washer-extractor and a specially constructed base frame and 
re-use tank for the study. Briefl y, used UMF were rinsed to open up 
the fi bres and release trapped organisms and soil and were then 
washed at 71 °C for three minutes in accordance with health service
guideline HSG(95)18 (1995) ( Hall et al, 2009a ). Following further 
rinsing the UMF were then impregnated with CuWB50 and spun at 
490 rpm for eight seconds to ensure the cloths contained the correct 
moisture content for effective cleaning. The UMF  +  CuWB50 were 
then packaged in plastic bags and delivered back to Mayday Hospital 
by a courier service. Clean, dry UMF (also supplied by Micronclean 
Ltd) were moistened with water (UMF + water) at Mayday Hospital in
the Healthcare Initial laundry. All UMF were transported back to 
Micronclean for reprocessing after use. The same set of UMF was used 
throughout the study and one spare set of ready-to-use UMF were 
available at Mayday throughout the study. UMF  +  CuWB50 were used 
within 72 hours of production. The shelf-life of the packaged 
UMF  +  CuWB50 is at least two weeks.    

Study design
This study compared the relative ability of ultramicrofi bre cloths and mops 
(UMF) moistened with either water (UMF  +  water) or copper biocide +

(UMF +  CuWB50; 300 ppm), to remove bacteria from several working+
ward environments in comparison to standard cleaning with cotton mops
and cloths with 1,000 ppm Actichlor Plus (Ecolabs, Swindon, UK). 

We assessed four working wards for bacterial contamination and
cleanliness. The trial lasted for 12 weeks as shown in  Figure 1 .
Cleaning took place every day. The crossover design aimed to elimi-
nate time- and place-dependent confounding variables in the wards in
the multivariate analysis. The Purley wards are a mix of elderly care
and medical patients, and the Queens wards are for surgical patients.

Ten defi ned surfaces were sampled with (i) contact plates to enu-
merate bacterial levels, described by colony number as TVCs, and (ii)
the 3M Clean-Trace system, an ATP bioluminescence assay that acts
as a surrogate measure for cleaning effi cacy ( Cooper et al, 2007 ). The
designated sampling sites were either in the bathroom: bin lid top,
towel dispenser top, soap dispenser front, fl oor under sink, fl oor under 
toilet, or in the patient area: fl oor by bed, over-bed table, door push,
locker top, patient’s chair arm.

Microbiological sampling 
Microbiological sampling was undertaken on Monday, Wednesday
and Friday each week one hour before cleaning and one hour after 
cleaning, at the designated sampling sites. The microbiological sam-
pling regimen was designed to assess TVCs (a count of all bacteria
retrieved and capable of colony formation). To obtain the total viable
count, irradiated 19.6 cm 2  tryptone soya agar contact plates with neu-
traliSers (Oxoid Ltd; PO-00262) were used. The contact plate neutra-
lisers were not tested against Actichlor Plus or CuWB50. Each plate
was pressed onto a dry sampling site surface for fi ve seconds and the
plates were then incubated at 36°C for 48 hours. Bacterial colonies
were then counted. TVCs were counted up to 100, as accurate count-
ing at higher densities (recorded as  > 100, but counted as 100 in sta-
tistical analyses) was inaccurate owing to colony fusion.   

ATP sampling 
The assay was as described by the manufacturer (3M Ltd, Bridgend,
UK). Briefl y, swabs were removed from their containers and drawn in
a defi ned and consistent pattern (up and down, then side to side
while rotating the swab) across a 25 cm 2 area on each sampling site.
The swabs were then reinserted into their containers and allowed to
react with the reagents in the cuvette for 10 seconds. The swabs were
then immediately placed into a hand-held luminometer and the rela-
tive light unit (RLU) reading on the display was recorded.

Bacterial contamination of UMF
UMF cloths moistened with water ( n  = 12) or CuWB50 (300 ppm;
n = 12) were used to clean adjacent areas (900 cm2) on bathroom
fl oors before daily standard cleaning. The cloths were folded and

Week

Test areas 
   1      2     3     4     5     6     7     8     9    10   11    12 

  Purley wards 

  1 & 2 
Standard

clean  

UMF+water UMF+CuWB50

Standard

clean  
  Queen’s wards 

  1 & 2 
UMF+CuWB50 UMF+water

Figure 1.      Mayday Hospital cleaning study protocol. The Purley wards are a mix of elderly care and medical patients, the Queens wards are for surgical patients. Standard cleaning used 
cotton mops and cloths with hypochlorite (as Actichlor Plus 1,000 ppm). Ultramicrofibre mops and cloths (UMF) were moistened with water or CuWB50 (300 ppm). Cleaning took place
every day. Sampling with contact plates to determine bacterial levels (TVC) or the 3M Clean-Trace system to determine cleaning efficacy (ATP assay) took place on Monday, Wednesday 
and Friday every week.  
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placed individually into plastic stomacher bags and were stored at 
room temperature for three hours ( n= 6 UMF ±CuWB50) or 24 hours 
( n= 6 UMF  ±  CuWB50) before processing. To assess bacterial num-
bers retained by the cloths, 60 ml of phosphate-buffered saline was 
added to the bags, which were then placed into a Stomacher-80 
(Seward Ltd, Worthing, UK) for three minutes at 250 rpm in order to 
release bacteria from the cloths ( Hall et al, 2009a ). Three 0.1 ml sam-
ples were taken from each bag and ten-fold dilutions were made in 
quarter strength Ringer’s solution (to neutralise CuWB50;  Hall et al, 
2009b ) and then 0.1 ml samples were spread onto tryptone soya agar 
plates and cultured for 48 hours at 36° C when colony forming units 
(CFUs) were counted.   

Statistical analyses  
Univariate analysis 
As previously described ( Hamilton et al, 2010 ), we used STATA 9.2 
and  p -values <0.05 were reported as signifi cant. Box-Cox regression 
was used to assess deviation from normality, median TVCs and RLUs 
for investigation of univariate trends. For univariate tests of signifi -
cance the Mann-Whitney test was used for dichotomous variables 
such as cleaning application (standard cleaning versus UMF  +  CuWB50 
versus UMF  +  water). We compared median TVCs and RLUs before 
and after cleaning in order to establish: (a) the existence of a ‘residual’ 
effect of UMF +CuWB50 evident before cleaning, (b) the existence of 
a direct effect of UMF + water and (c) the direct effect of 
UMF  +  CuWB50, and (d) the effect of washout evident after stopping 
application of CuWB50. The ‘residual’ effect represents the hypothe-
sis that outcomes tend be lower in the UMF + CuWB50W arms before
as well as after cleaning, as a result of a cumulative effect of copper 
residue on the environment.   

Multivariate analyses
We used multivariate linear regression to estimate the individual 
hypothetical components of cleaning represented in the form of a 
multiplicative model. We did this by means of multivariable regres-
sion of the natural logarithms of TVCs and RLUs, enabling us to also 
control for the effects of several potential confounders inherent in the 
design of the study (ward, sampling site, day of the week, sequence, 
and effects of washout). The regression coeffi cient estimates enabled 
us to calculate attributable effects, E i , for each cleaning component  i. 
For example, if i = 1 for standard cleaning, then E1  x 100 is the percent
drop in geometric mean TVC levels attributable to standard cleaning 
alone. If i = 2 and i = 3 for the direct and residual effects of 
UMF  +  CuWB50 respectively, then E2  x 100 is the direct component 
drop in TVCs due to UMF  +  CuWB50  over and above  the effect
expected of standard cleaning and E3 x 100 represents the drop in 
pre-cleaning TVCs resulting from the residual effect of copper biocide. 
The  overall  effect of cleaning with UMF +CuWB50 is then given by 
the expression 100 x [1 - (E1  x E 2 x E3 )]. 

 The cleaning effects of primary interest were: (a) standard cleaning 
(E 1), (b) effects on pre-cleaning TVC (or RLU) levels (the ‘residual’
effects) (E 3  as a result of UMF + CuWB50 and E 5 as a result of 
UMF  +  water), (c) the ‘direct’ effect seen as the reduction in TVC (and 
RLU) one hour post-cleaning (E 2 as a result of UMF +CuWB50 and E4

as a result of UMF +  water) and (d) the effect of washout (E 6), evident 
in the week after stopping cleaning with CuWB50. 

 We used four modelling approaches to address the problem of 
having an artifi cial upper ceiling of 100 colony counts for TVC read-
ings that were actually  > 100. Approach 1: linear regression on the 
natural logs of TVC +1 and RLU  +  1 using the whole dataset (with 
TVC readings >100 counted as 100); Approach 2: same as approach 
1 except that TVCs were only analysed for sites where the ‘baseline’ 
median TVC was <100 (i.e. one bathroom site: the soap dispenser 

front; and four patient area sites: the over-bed table, the door push,
the locker top and the patient’s chair arm); Approach 3: logistic regres-
sion where the outcome was 1 if TVC or RLU were greater than the
overall ‘baseline’ median, and Approach 4: greater than ‘baseline’ 1 st

interquartile. We defi ne ‘baseline’ as those pre-cleaning samples taken
in the fi rst two weeks of the study (standard cleaning). We also used
multilevel analysis methods on all four approaches to test for the
effect of nesting of sampling sites within wards ( Twisk, 2006 ).    

Results  
Univariate analysis
Figure 2(a) suggests that standard cleaning substantially reduced
median TVCs from 100 pre-cleaning to 29 post-cleaning (p< 0.001),
while UMF + water performed poorly (100 to 58; p< 0.001) relative to
standard cleaning or cleaning with UMF + CuWB50 (78 to 30;
p = 0.0003). The UMF +CuWB50 arms were associated with lower 
pre-cleaning TVC geometric means, suggesting a ‘residual’ effect due
to the copper biocide lingering until after the next pre-cleaning sam-
pling event ( Figure 2(a) ). In contrast, cleaning with UMF  +  water was
much more successful in reducing median RLU readings relative to
standard cleaning, while UMF  +  CuWB50 did not add any improve-
ment in this respect ( Figure 2(b) ).   

Multivariate analyses
In the multivariate analyses, the results of Approaches 2, 3 and 4 were
almost identical to Approach 1 and we therefore present only the
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Figure 2.      Effect of standard cleaning or cleaning with UMF +water or UMF +CuWB50 on 
(a) bacterial levels (TVCs) and (b) on cleaning efficacy (ATP assay). The results shown
are median TVC (per sampling plate) with upper 95 %  confidence limit. Pre and Post refer 
to sampling one hour before and after cleaning. All pre versus all post, p < 0.001.
Pre-cleaning with UMF  +  CuWB50 versus standard cleaning or UMF +water, p < 0.001. 
Post-cleaning with standard cleaning or UMF +  CuWB50 vs. UMF +water, p < 0.001.  
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results from Approach 1 ( Table 1  ). There were no signifi cant multi-
level effects (nesting of site within ward). UMF +  CuWB50 signifi -
cantly reduced TVC geometric means by 69% ( p< 0.001), attributable 
to the independent effects of CuWB50 (direct: 25 %,  p= 0.001; resid-
ual effect: 20 % ,  p  < 0.001), as well as a residual ‘washout’ anti-bacte-
rial effect of CuWB50 lasting for a week after stopping (12%, 
p= 0.001). Cleaning with UMF  +  water performed worse than stan-
dard cleaning, which was consistent with its negative direct and 
residual effects (E 4 =− 48 %,  p  < 0.001 and E 5 =−21%, p  = 0.005 respec-
tively), the latter not apparent from the univariate comparisons.

 Standard cleaning both signifi cantly reduced ATP geometric means 
(E 1 = 43 % , p< 0.001) and UMF  +  water also had additional benefi ts 
with an overall 79 %  drop (p  < 0.001), attributable to the independent 
effects of UMF (direct: 33%, p< 0.001; residual effect: 44 %, p  < 0.001).
In contrast, there was a consistent lack of direct, residual and washout 
effects of UMF +CuWB50 on RLUs ( Table 1 ).   

Bacterial contamination of UMF 
We examined the degree of bacterial contamination in UMF cloths 
with water or CuWB50 (300 ppm) three hours and 24 hours after they 
were used for cleaning during the study. The results in  Figure 3 show 
that UMF cloths impregnated with CuWB50 contained signifi cantly 
fewer viable bacteria than UMF with water at both three hours (85%
fewer) and 24 hours (80 %  fewer) after cleaning.

Discussion
The Mayday Hospital cleaning study compared the effects of ultra-
microfi bre cloths and mops (UMF) moistened with water or with a 
novel copper biocide solution (CuWB50, 300 ppm), with standard 
cleaning using cotton mops and cloths using 1,000 ppm Actichlor 
Plus, on bacterial contamination (TVCs) and cleaning effi cacy 
(ATP assay) in four working wards over a 12 week period ( Figure 1 ). 

 The results of univariate analyses shown in  Figure 2  show that 
cleaning with UMF  +  CuWB50 is as effective as standard cleaning at

removing bacteria from surfaces ( Figure 2(a) ), with the additional ben-
efi t of a residual effect observed one hour pre-cleaning (or 23 hours
post-cleaning) that keeps bacterial levels lower between daily cleaning
rounds. We consider the residual effect to be underestimated since
many of the >100 TVC results were from plates that were confl uent
and most of the pre-clean standard cleaning and UMF  +  water TVCs
were >100, while UMF +CuWB50 cleaning pre-clean had a median of 
78 TVCs.

Although specifi c bacterial speciation was not attempted in this
study, TVCs have been shown to be a useful way to assess the effects
of cleaning regimes on bacterial contamination as demonstrated in
recently published studies and to correlate with MRSA levels ( Cooper 
et al, 2007 ;  White et al, 2007 ).

106

105

104

UMF+water

UMF+CuWB50

3 hr 24 hr
After cleaning

*

*

C
F

U
s

 Figure 3.      Bacterial levels in UMF cloths with water or CuWB50 assessed three hours and 
24 hours after cleaning. Each bar is mean ± SEM colony forming units (CFUs) from six
UMF cloths assessed in triplicate.  *Two-tailed Mann-Whitney test UMF  +  CuWB50 versus 
UMF  +  water, p < 0.0001.

 Table 1.      Multivariate statistical analyses  

 Cleaning components TVC RLU (ATP assay) 

Direct effects % drop (95 %  CI); p -value %  drop (95 % CI);  p-value
Standard cleaning (E 1 ) 47.7 (41.5, 53.3); <0.001 42.6 (32.9, 50.9); <0.001
UMF (E 4  ) − 48.3 ( − 26.2, −74.6); <0.001 33.4 (16.8, 46.7); <0.001
CuWB50 (E 2 ) 25.2 (11.9, 36.4); 0.001 6.77 ( − 16.8, 25.6); 0.543
Residual effects
UMF (E 5 ) −21.2 ( − 38.6, −5.90); 0.005 43.7 (34.1, 51.9); <0.001
CuWB50 (E 3 ) 19.9 (10.0, 28.7); <0.001 8.02 ( − 8.02, 21.7); 0.308
Washout (E 6 ) 12.4 (4.96, 19.3); 0.001 − 3.31 ( − 23.8, 13.8); 0.725
Combined effects
Standard cleaning 47.7 (41.5, 53.3); <0.001 42.6 (32.9, 50.9); <0.001
UMF (direct) 22.3 (12.8, 30.8); <0.001 61.8 (55.2, 67.4); <0.001
UMF (all) 5.93 (−7.64, 17.8); 0.214 78.5 (74.8, 81.6); <0.001
CuWB50 (direct) 60.9 (52.3, 67.9); <0.001 46.5 (29.6, 59.3); <0.001
CuWB50 (all) 68.7 (63.2, 73.4); <0.001 50.8 (38.4, 60.6); <0.001

  CI = confi dence interval; RLU = relative light units; TVC = total viable (bacterial) counts.

 These data show the attributable effects of the individual cleaning components, independently and
beyond the effects of other components and of confounding variables using Approach 1. Negative
drops are increases in geometric means. The effects are multiplicative, and do not necessarily ‘add up’ 
to make the combined effects (see the Materials and methods and the Results sections for details).  
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 The results in  Figure 2(b)  show that the cleaning effi cacy of 
UMF  +  water/CuWB50 is signifi cantly greater than standard cleaning. 
Taking the entire study into consideration, the pre-clean median RLUs 
with UMF +water/CuWB50 were equivalent to those post-clean with 
standard cleaning. Several groups have reported that MF and UMF 
products are very effective at removing dirt or soil from surfaces 
( Moore and Griffi th, 2006 ;  Rutala et al, 2007 ; Wren et al, 2008), and 
the present study confi rms this view.

 Taken together, the TVC and ATP assay results suggest that clean-
ing with UMF  +  CuWB50 offers several benefi ts over standard clean-
ing with hypochlorite or cleaning with UMF +water. Firstly, removal 
of bacteria is equivalent to standard cleaning with hypochlorite. 
Secondly, a residual effect of CuWB50 left on surfaces after cleaning 
maintains bacterial levels at a lower level ‘round-the-clock’. ( Ayliffe 
et al, 1967 ;  Dancer, 2009 ). Thirdly, the benefi t of cleaning effi cacy 
offered by UMF combined with a safe and effective UMF-compatible 
biocide (unlike hypochlorite-based products;  Gant et al, 2010 ) that 
rapidly kills most bacteria collected in the UMF ( Figure 3 ). The latter 
point is supported by the TVC results in  Figure 2(a)  showing that 
cleaning with UMF + water is less effi cient at removing bacteria than
when using UMF  +  CuWB50.

 Finally, this integrated system removes and processes laundry 
remotely from the hospital thereby eliminating any possibility of re-
contamination in house by imperfect systems and lapses in best 
cleaning practice if the cloths used are not single-use.

 The logistical practicability of the integrated cleaning system dem-
onstrated in our previous study ( Hamilton et al, 2010 ) was confi rmed 

by the present study. However, further work will be required to dem-
onstrate that the system is robust and reproducible enough for wide-
spread implementation. 

We asked the cleaning staff for their opinions on the use of UMF.
The cleaners did not want to stop using UMF with CuWB50 for clean-
ing, stating that: (1) it left hospital fl oors and surfaces looking shinier 
and cleaner than when they were using standard cloths and Actichlor;
(2) they liked the UMF cloths and mops with CuWB50 being supplied
ready-to-use; and (3) they preferred not having to prepare 1,000 ppm
Actichlor Plus for standard cleaning. It is unsurprising that surfaces
appeared shinier and cleaner with UMF because they remove more dirt
than standard cleaning ( Figure 2(b) ) which, using 1,000 ppm Actichlor 
Plus on all surfaces, leaves behind a dull white residue.

These results confi rm and extend those of our previous study
( Hamilton et al, 2010 ). This real life hospital implementation study
demonstrates overall superior cleaning performance of UMF, which is
enhanced with CuWB50, when compared with standard cleaning
with hypochlorite.
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