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Factor s affecting Removal of Bacterial Pathogens from Healthcar e Surfaces during Dynamic Wiping

11 Abstract

Wiping of surfaces contaminated with pathogenic bacteria is a kegggréor combatting transmission of
healthcare associated infectionl$ is essential to understand the extent to which removal of bacteria is
modulated by fibre properties, biocidal liquid impregnatimnd applied hand pressure. The influence of
intrinsic and extrinsic factors on the removal efficiencies of pathogenic baetsiatudied. Nonwoven wipes
made of either hydrophobic (polypropylene) or hygroscopic (lyofibligs were manufactured and dynamic
removal efficiency of bacteria studied. The single most important paraméésting bacterial removal
efficiency was impregnation with biocidal liquid (p <0.05). For inherehgfgroscopic 100% regenerated
cellulose (lyocell) wipes impregnated with biocidal liquid, removal of &i, S. aureus and E. faecalis
improved by increasing the fabric surface denaitdwiping pressure to their maximal values - 150-¢and
13.80 kN.n? respectively. For inherently hydrophobic 100% polypropylene nonwaviges, the same
conditions maximised the removal efficiency of S. aureus, but faok.and E. faecalis a reduction in the
wiping pressure to 4.68 kN:favas required. Best practice involves the use of higher surface densisy(/6p

g m?) containing regenerated cellulose fibres loaded with liquid biocide, anigdémyith the greatest possible
wiping pressure.

1.2 Introduction

Pathogenic bacteria contaminating critical patient care areas are known contribuffoesttansmission of
healthcare associated infectiofi$CAI’s) [1][2). HCAI’s have been directly linked with more than 37,000
deaths per annum in Europe. Between 20-30% of these infectiotmagit to be preventable with appropriate
control programme§ [3). Consequently, the effective removal obgeitls from critical patient care surfaces is
crucial |@). Many healthcare providers use nonwoven wipes in cotidrinaith a biocidal liquid as part of a
disinfection and decontamination regimen for solid surf@(SThis is an effective strategy, but the
underlying interactions governing the removal of bacteria by the onamnwwipe are poorly understo@l.
There are also issues surrounding the discrepancy between realistic tim@rand the exposure time proposed
in some standardk ](9). Removal of bacteria by wiping solid surfasebden investigated by various groups
[10][12), most notably by Wiliams et a[ }5) and Ramm et [4B},( as they have developed reproducible
methods for analysing bacterial removal by wipes. However, previmases have typically focused on
analysing commercially available wipdgke structure and properties of which are not directly comparable due
to differences in the ways they are manufactured. Consequemitierstanding the role of wipe design
parameters on wiping performance has been challenging.

Nonwoven fabrics are porous assemblies containing fibres arrangeg masié x-y plang13). They can be
produced from hygroscopiar hydrophobic fibres and fabrics are often impregnated withcaueous biocidal
formulation The liquid loadings typically 150-350% by weight, with much of the liquid volume being held in
the interstitial pore volume between the fibres. For hygroscopic fibres, tlilebea large degree of sorption.
The basic dimensional properties of a nonwoven fabric includeutfiéce densityg.m?), the thickness (mm)
and porosity (ratio of void volume to total fabric volume). The pordsign important influence on the total
liquid absorptive capacity of the wipe. It has been shown that the mechartioal @icwiping with a dry
nonwoven fabric is capable of removing some of the bacteria presersufaee[{4}. Impregnation with an
aqueous biocidal formulation substantially improves the removahuicies up to a limit, depending on the
absorptive capacity of the fabr[@5). Cleaning regimens alone may be ineffective in eliminating patisogen
from surfaced¥6). Therefore biocides, more specifically, antimicrobials, are used docdhtrol of organisms
considered harmful to human health. These pre-impregnated, presadiste“wet” wipes provide higher
cleaning-regimen compliance when used by staff and lead to a amiceadeaning and disinfection process
[17). During dynamic wiping, shear and compressive forces are applied,rapsiatisfer of bacteria to the wipe
surfaces and overcoming the adhesive forces between bacteria and the sorfabich they resid¢l§).
Changing the wiping pressure can therefore be expected to affdwdlémee of these forces and the resulting
bacterial removal efficacy.

To develop improved biocidal wipe products, there is a need for a confrollestigation into the effect of the
wipe surface densifybiocide liquid loading and applied pressure during wiping on the disinfecfi@biotic
plastic surfaces. These factors relate to the basic design attributes of theelfipmditshe wiping action, all of



which can be expected to influence the bacterial removal efficiency.ddlabse parameters can be controlled
in the laboratory to provide a basis for systematic study. The purgabés aesearch is to determine the
intrinsic (e.g. wipe surface density, lotion addition to wipe) and eitrij@sg. wiping pressure) factors leading
to the greatest bacterial removal efficiencies. As such, an orthogonal tastayg strategy (OATS) was
employed[{9). An inherently hydrophilic regenerated cellulose fibre (lyocell) and an éniiigrhydrophobic
fibre (PP) were selected as raw materials for wipe fabric manufa&urface density values were selected to
encompass the range of weights commonly found in nonwoven.Wifiping pressures were selected based on
those produced by an average sized human hand and the mddé@reparted in the literatufd2), while the
influence of a biocidal liquid was compared with distilled water and dry asntr

1.3 Materials and M ethods

1.3.1 Orthogonal array and parameter selection

An L9 3**3 orthogonal array, generated using the Taguchi metivad,used to analyse the optimum wiping
conditions for removal of pathogenic bacteria from a poly (methyhaoeylate) model surface. Experimental
factors and levels were selected based on preliminary experiments and indastngl Fabric surface densty

of 50 g.n?, 100 g.n?, and 150 g.M were choserto approximate the range of surface densitys found in
commercially available nonwoven healthcare surface wipes.

The wipes were tested either in the dry state; after impregnationdiit® (control); or impregnation with
biocide. Conditions for addition of the water or biocide to the wipe arenedtiin sectiorError! Reference
source not found.. Wiping pressure refers to the pressure applied to the wipe when in contacthevit
inoculated surface, and excludes any compression of the wipe. Note that@ prasisure of 0.69 kN:Ais the
equivalent of 1 kg of exerted foré®m an average sized human hand (“hand-weight”) (20). Wiping pressure of
4.68 kN.n? is equivalent to 6.79 kg “hand-weight”. This was selected by extrapolating the 150 g “exerted
weight” used by Ramm et a in their wiping experiments. Finally, 13.80 kN?mwiping pressure is the
equivalent of 20 kg “hand-weight” (Table 1)

The process parameter optimised by the array given in Tablea2terial removal %, with the highest removal

% value being optial. The summations uske output values “A1-A9” from Table 1 to calculate the optimum
values of fabric surface densitiquid addition and wiping pressure, producing the greatest bacterial removal.
B1-B9 are the summations used to calculate the optimum process parameterTI@POPP is the highest of

the “B” values for the given parameter. C1-3 are the “difference” values. The largest “C” value indicates the
parameter in the array with the greatest effect on bacterial removal %.



Table 1. Orthogonal array parameters arranged in a 3**3 Taguchi array.

Orthogonal array parameters
Test Run Area densty (g.m?) Liquid addition Wiping pressure (kN.m?)
Al 50 Dry 0.69
A2 50 Water 4.68
A3 50 Biocide 13.80
A4 100 Dry 4.68
A5 100 Water 13.80
A6 100 Biocide 0.69
A7 150 Dry 13.80
A8 150 Water 0.69
A9 150 Biocide 4.68

Table 2. Optimum process parameter (OPP) calculation scheme and results.

Optimum process parameter calculation
For fabric surface For liquid addition For wiping pressure
density
>1 B1=Al1+A2+A3 B2=Al1+ A4+ A7 B3 =Al+ A6 + A8
X2 B4 =A4+ A5+ A6 B5=A2+ A5+ A8 B6=A2+ A4+ A9
23 B7 =A7+ A8 + A9 B8 =A3+ A6 + A9 B9 = A3+ A5 + A7
Optimum Greatest of B1, B4 an{ Greatest of B2, B5 and B§ Greatest of B3, B6 and B9
Process B7 (Value of biocide/dry/wate (Value of “exerted weight” for
Parameter (Value of surface for relevant experiment relevant experiment from
(OPP) density for relevant from Orthogonal array “Orthogonal array parameters” in
experiment- from parameters” in Table J. Table ).
Orthogonal array
parameters” in Table
1).
Difference C1 = (Greatest value| C2 = (Greatest value of B4 C3 = (Greatest value of B3, B6, B¢
of B1, B4, B7) - B5, B8) - (Smallest value| - (Smallest value of B3, B6, B9).
(Smallest value of B1, of B2, B5, B8).
B4, B7).

132

Wipe manufacture

To ensure full control of wipe substrate properties, fabrics were manmgddtthouse using pilot-scale
nonwoven manufacturing processes like that used in an industrigéxt Polypropylene fibres (T133 HY-
Entangle, Fibervisions; Varde, Denmark) of 1.7 dtex linear density, 40fibren length or Iyocell fibres
(Lenzing; Grimsby, UK - 1.7 dtex, 38 mm fibre length, dull) were-ppened prior to carding. Parallel-laid
webs of 50 g.m, 100 g.n? and 150.n% were manufactured using a 0.5 m wide worker-stripper card (Tatham



Ltd.; Rochdale, UK). Wipe fabrics were then produced by hydroentantfiingarded webs (Hydrolace) at
specific energy of 4.86 MJ Kgwhilst supported on a woven conveyor. This energy settingselasted ag
bonded all three weights of web, without compromising the lower degaity in preliminary trials (data not
shown). Thicknesses of wipes are givle 3.

Table 3. Thickness and surface density of wipes. "S.D." is standard deviation.

Surface | Mean thickness| S.D. (mm)
density (mm)
(9.nm)
50 1.27 0.08
o 100 1.57 0.13
o
150 1.69 0.23
50 0.87 0.05
]
o 100 1.14 0.17
S
150 1.43 0.17

To ensure removal of any residual fibre finish or auxiliary chewistit fabrics were scoured in a Roaches
Rotohaise rotary drum dyeing machine (Roaches, UK) for 15 min at 60°C Wwittin® Hostapal NIN tl k
(Clariant Produkte GMBH; Frankfurt, Germany) and @ng® sodium carbonate, using a liquor ratio of 20:1
. Fabrics were then thoroughly rinsed and line-dried prior tbdutreatment. Biocide and neutraliser

1.3.3 Biocide, neutraliser and addition to wipe

In the following text, the term “biocide” will be used only to refer to the surfactant-based formulation used in
this study. A proprietary biocide was selected consisting of a blend of a non-ioniacsunt (C9-C11

ethoxylated alcohol Pareth-5;), a cationic surfactant (Benzalkonium chlorideyagnus buffering agents and
sequestrants. A 1:20 dilution of the biocide stock solution with deionised (digD) passed the EN 1276
“Quantitative Suspension Test of Bactericidal Activity of Chemical Disinfectants” test, giving a 5 log reduction

of the pathogenic bacteria S. aureus, E. coli, E. hirae and P. amaigiithin 5 mir@. The biocide surface
tension was 37.5x1ON.nttat 20°C.

The neutraliser component arrested the activity of the bio€ide neutraliser was manufactured according to
the methodology outlined by Ramm et @( The toxicity of the neutraliser and its ability to quench the
activity of the biocide was tested according to the method outlined by P@1a7pp(2013.

Where dictated by the orthogonal array, each experimental wagesaaked in 10 ml 1:20 biocide or &b
(control) for 10 min before being run through a Werner Mathisghea# m.mint) to remove excess liquid as
per Berendt et a[1(). Liquid pickup was 150% for both the biocide and,@Hon all wipe surface densitys,
using both the PP and the lyocell. This was also the maximumupiakat could be achieved with the
hydrophobic PP wipes.

1.34 Measuring the microorganism removal efficiency from a healthcar e surface

The microorganisms used in this study were E. coli (ATCC 2p%R2aureus (ATCC 29213) and E. faecalis
(ATCC 29212) provided by Leeds Teaching Hospitals NHS Trust Pathology department (e€ds, UK).
Strains were cultured according to previously published metfibls These were selected as examples of
pathogenic bacteria.

Removal of bacteria from a model healthcare solid surface was tested dmaseethodology reported by
Williams et al.[(3). For brevity, only modifications to this protoc@ described. Bacterial cells were suspended
in phosphate buffered saline (PBS); the optical density of the solution a@sured ak = 600 nm; and the
solution adjusted to McFarland standard, @&uivalent to an approximate cell density ol BCFUmI™ [24);

0.3 gdn7® bovine serum albumin (BSA) w/v was added to the final solution. Alesteoilised poly (methyl
methacrylate) (PMMA) surface tiles (registered to ISO 9001) were inspectedstoe freedom from any
defects. The tiles were then inoculated with 20 uthef bacterial solution, and allowed to dry. To simulate



dynamic wiping, a 900 mfrsection of the nonwoven test specimen was attached to a 20 mm diaossteand
fixed to a Caframo BDC2002 overhead stirrer (Caframo Limited; Ont@anada). This was rotated at 60
min? for 10 s at either 0.68\km?, 4.69 KN.m or 13.80 N.m? applied pressure against the inoculated surface
tile, depending on the OATS parameteurfaces were then transferred to the neutraliser solution, and sttaken
150r min? for 5 min. Agar was then inoculated, incubated for 24 h at 3ai€ bacteria removal efficiencies
(average % error) calculated using Equation 1.

R =(,;—-C,/C.) x100 Equation 1

WhereR = Removal efficiency (%)L, = Bacterial colonies recovered from the control tile; @hg =
Bacterial colonies recovered from the wiped tile.

The control tile was inoculated with the bacterial solution but was not $ubjedping All experimentation
was carried out at 20°C £2°C and 65% +4% relative humidity.

1.35 Scanning electron microscopy

Samples were gold coated using a Quorum Q150RS sputter coater Quorumloggebridd.; East Sussex,
UK). A JEOL JSM-6610 LV scanning electron microscope (JEOL Ltd.ydcBapan) was then used to image
the nonwoven wipe samples. FIJI image analysis softf2fjewias used to calculate the fibre presence at the
wipe-bacteria-surface interfaeecading to Equation 2 (images not shown). During the coating aadiig,

the wipes are subject to negligible pressure, so this should not cltlea calculated fibre percentages at the
surface. All wipes were imaged at this same pressure, so the results asedinbia

FPwsi = (Fpixels/(FPixels + Vpixels) x 100 Equation 2

Where FP,; = fibre presence at the at the wipe-bacteria-surface interfggg;s = pixels in image which
represent wipe fibres; ard;,.;s = pixels in image which represent void spa@®ixers + Vpixers) = total pixels
in SEM image.

13.6 Statistical analysis

All data resulted from three independent replicates. Where appropriate, oaealgsis of variance (ANOVA)
at the 95% confidence interval was performed. All analyses were completed iff MBNloftware, version 16
(Minitab Inc.; Pennsylvania, US).

14 Resultsand Discussion

The influence of key wipe parameters on bacterial removal efficiency twdied in relation to each type of
bacterium in conditions of dynamic wiping.

The output response variables from the orthogonal array (value&9Aih [Table 4) were the removal
efficiencies of E. coliS. aureus or E. faecalis from the model surface during simulgtedic wiping. These
values were then used to determine optimum parameters for the vigpasirface densifyliquid addition and
pressure during wiping“QPP” values in [Table §. Polypropylene and lyocell were chosen for wipe
manufacture as both are commonly used in industrial wipe manufaéto#ionally, it gives the opportunity to
evaluate an inherently hydrophilic regenerated cellulose fibre (lyocell) andeneriy hydrophobic fibre (PP)
in terms of intrinsic and extrinsic factor effects on wiping perforcaan



Table 4. Bacterial removal efficiency results for the polypropylene and the lyadpks for E. coli, S aureus
and E. faecalis. Standard deviations are not reported as this is notertnsith the orthogonal array

method.

Test PP nonwoven wipe lyocell nonwoven wipe
Run E. coli S. aureus E. faecalis E. coli S. aureus E. faecalis

removal (%) removal (%) removal (%) removal (%) | removal (%) removal (%)
Al 44.64 36.60 29.17 34.19 36.90 32.10
A2 61.66 59.20 57.82 50.00 42.37 42.38
A3 65.66 72.00 58.61 87.46 74.40 75.21
A4 57.85 43.33 44.69 38.24 36.32 39.74
A5 68.03 63.27 65.88 60.00 69.08 70.94
A6 75.53 68.47 77.42 79.64 80.09 82.22
A7 59.83 51.67 54.64 68.01 69.41 71.16
A8 69.53 68.02 69.49 78.22 79.21 74.24
A9 81.67 73.06 77.78 87.74 82.88 84.35

Testing in Table 3 was conducted according to the orthogonal array (igii able 1). The bacterial removal %
values in row A9 in Bold are the highest removal values for a given bacterium given by the “within array”
testing. These match the optimum combination of area density, liquid adalitibwiping pressure predicted by
the orthogonal array. The underlined bacterial removal % values in row ABeangghest removal values for a
given bacterium given by the “within array” testing. However they are not the optimum combination of area
density, liquid addition and wiping pressure predicted by the orthogaasl ar

For PP nonwovens, the predicted optimum process parameters is,thia wipe manufacture and testing
parameters predicted by the orthogonal array to give the highesvakft of bacteria from the surface - for
both E. coli and E. faecalis were 150 g.surface density, in combination with thicide and a pressure of
4.68 kN.n? during wiping. This prediction was confirmed by OATS output vaingEable 43, test ruA9 —
81.67% removal of E. coli and 77.78% removal of E. faecalss,hilghest removal values found for each
bacterial condition during the testing. For the S. aureus, 13.8 kMWas the predicted optimum pressure
parameter. This was confirmed by testing these parameters outside ofathe ae. using a 150 g. PP
nonwoven with biocide and 13.8 kN pressure while wiping a surface contaminated with S. aureus - gave a
mean removal value of 74.4%, higher than any within-array valsaq®&s orthogonal array testing resulthe
highest removal value for within-array testing for removal of Sewiwas 71.78 % in test row A9)

For lyocell nonwovens, 150 g:frsurface density in combination with thécide and 13.8 kN.rhpressure

during wiping were the calculated optimum process parameters for tlibathese were confirmed by testing
these conditions outside the orthogonal array and comparing the rd$idtsnean removal values obtained
were 88.74% for E. coli, 88.31% for S. aureus and 86.52% . féaecalis, all of which were higher than any of

the array outputs for the given bacteria (underlined vaIwAQ).
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The bacterial removal efficiency was considered as a function of fabric sddasiy for each bacterium and
each substrate materigl (Figurk 1), by taking an average of the resulthérdinnee surface density values (i.e.
from , results froma1-A3 for 50 g.n?, A4-A6 for 100 g.n¥, andA7-A9 for 150 g.n?).

Although usage of biocide was the most influential parameteterims of increasing bacterial removal
efficiency, the results suggested utilisation of higher surface densitjdvalso improve removal efficiency
shown by the trend in increase in removal efficiency with increasinfgce density (Figure 1). This can impact
dry wiping as wellas wet wiping. This is significant as dry wiping has shown to be éfedn bacterial
removal from surface@. The differences in bacterial removal efficiency between the loweshighest
surface density wipes containing both lyocell and PP for E. coli,rf8us@and E. faecalis were all significant at
p <0.05 (unpaired t-test).

There was a persistent trend of increasing bacterial removal efficiencynaigasing fabric surface density for
all bacteria, in both the PP and lyocell wipes, though the effecmeas pronounced with the lyocell wipes, as
the gradients of calculated best fit lines are steeper (slope and intercepinffiabie 3). Based on the data it
was clear that increasing the wipe surface density, irrespective ofcbibtent, can therefore be expected to
improve bacterial removal efficiency. This is because increasing the esuttatsity increases the holding
capacity for the biocide which itself is largely aqueous.

Liquid add-on during biocide (or water) addition to the wipe was 18@%ght to weight for all wipes, so
heavier surface density wipes will have more biocide. ThereforBktiehood of either a bacterial “’kill” on the
contaminated surface or bacterial removal from the contaminated sigrfaigher with higher surface density.
It has previously been shown that bacteria interact with and adherélydicethe fibres in dry wipe§1d).
Therefore, if more fibres are present at the wipe-contaminated surfadade, there is a greater likelihood of
bacterial adhesion and removal. Heavier surface density wipes were shosmotee more bacteria without
liquid addition, following the same trend as with the biocide-containipgsy

Table5. Slope and intercept for removal efficiency vs. surface density gegitfit lines from Figure 1.

Bacteria Slope Intercept
E. coli 0.12 50.35
& S. aureus 0.13 45.84
E. faecalis 0.18 41.35
E. coli 0.25 39.86
g S. aureus 0.27 37.12
= E. faecalis 0.26 37.18

In Table 5, values highlighted in bold show the optimum processmeder selection. OPP* denotes a set of
optimum process parameters that have been confirmed by testing outdide orthogonal array. Cells
highlighted in Black indicates the largest “C” (“difference”) value -indicating the variable that has most impact
on bacterial removalThe paramater with greatest “C” value (Table 5, calculated according to Table 2) is the
paramater that has the greatest effect on the removal efficiency. bactdtia and both wipe types, this was
“C2” — the liquid addition. This means that the addition of a biocide to a wip¢hle greatest effect on bacterial
removal % of any of the paramters investigated. The main effeatenooval efficiency were determined by
ANOVA. For the PP wipe, liquid addition had the most significdfgot on removal of E. coli (p <0.01); S.
aureus and E. faecalis (both p <0.05), confirming the differesizesrved in the OATS. PP surface density also
had a significant effect on E. coli removal (p < 0.01). Similddy,the lyocell wipe, liquid addition had the
most significant effect on removal of E. coli (p <0.05); S. asir@ud E. faecalis (both p <0.01), which agreed
with the OATS differences. The lyocell surface density and wgipiressure both had a significant effect on the
removal of S. aureus (p <0.05 and p <0.01 respectively) afaeEalis (both p < 0.05)ncrease of surface
density for either wipe type will also increase dry wiping removaiadide.

Note that the improvement in wiping efficiency due to the addition ebibcidal liquid might also be partly

due to the presence of a liquid phase, and not just the fact that ibmdabliquid. The addition of water alone

can substantially increase bacteria removal from the surface biglipgha transport medium in which bacteria
can be suspended and transported the interstitial pore spaces within thaebwipstfucture.



The presence of a biocide liquid in wiping is therefore important to erftective removal of bacteria from
hard surfacesSince bacteria are attached to the surface, there will be an energy thresholdshbe overcome

to remove them. Whilst it is reasonable to assume that increasimgvgpessure will assist in overcoming
these forces by providing greater energy to the suf@@evia applied forces such as shear and compression, it
is apparent that a high wiping pressure cannot substitute for the presenioguad Initially during wiping, the

role of the biocidal liquid relates to its inherent surfactancy and theeqoent reduction in surface tension,
which improves surface wettirf@7}. In the present study, the surface tension of the biocide waslydwghof

that of water. Consequently, an incre&sethe removal of bacteria from the surface versus water and dry
controls can be anticipated.

The 0.015 g.M bovine serum albumin simulated organic load present on the PMMA tisesaudecrease in
wetting tension of the PMMA surface due to the chemical nature of boemensalbumin (i.e. protein), the
salts also present in the bovine serum albumin will deposit on the PMMAcsurdiecreasing the wetting
tension of the PMMA surfa.

Also important to consider is the absorption and desorption of biocidaddrom the wipes during use. The
biocide is an aqueous medium, the bulk of which is absorbed ancetetaithnin the void volume of the wipe
depending on the surface energy of the constituent fibres. During ugeression of the wipe structure reduces
its volume and a proportion of interstitially retained liquid will therefoeeréleasedThis effect wasmost
pronounced in the PP wipe, which is inherently hydrophobithénPP wipe, the optimum wiping pressure for
E. coli and E. faecalis was only 4.69 kN.htompared to 13.80 kN:fin the lyocell wipes. In the lyocell
wipes a proportion of the aqueous biocide will chemically interact wi groups on the fibre surfaces, and
be more effectively retained within the fabric restricting its subsequaiilabiity. Therefore, as the biocide is
largely aqueous, the concentration of the benzalkonium chloride, the “biocidal” component of the biocide, may
be greater outside the lyocell fibre, in the interstitial spaces in the lyoca| agpit only has one Hydrogen-
bond acceptor and zero Hydrogen-bond do@ (Therefore, the availability of benzalkonium chloride may
be greater in the lyocell wipes, however it lacks the necessary liquid phasevar deld the contaminated
surface and the bacterial cells on it. This means that althoughattiodr of liquid impregnated in to each wipe
was identical, a greater proportion of thehole” biocide (i.e. liquid phase, benzalkonium chloride and
surfactants) is released from the PP wipe at a low wiping presehiah assists in the bacterial remavBhus,
increasing the wiping pressure using PP wipes did not resulgnifisantly better removabf E. coli andE.
faecalis. In contrast, greater wiping pressufré3.80 kN.n?is required using lyocell wipes to release sufficient
liquid to provide optimal surface bacterial removal.

Contamination of previously clean surfaces by soiled wipes is knowector during practical wipe usage. This
has previously been studied by Siani et{&B}. Interestingly, Siani et al[28) and Ramm et al{12} both
suggestd that the degree of surfactancy of the biocide will affect anfaceirecontamination that occurs from
an already used, soiled wipe onto a previously sterile surface. The @ffénet parameters examined in this
study on recontamination of the PMMA surface was not studied invtiik. Additionally, only the PMMA
tiles were used as model surface, in practical usage wipes will be usedares of different chemistries and
topographies. It is suggested that recontamination and the effect oénliffeirface types will form the basik o
future experimentation. Discussion of other factors affecting thagvof surfaces can be found in the work of
Maillard and Sattaﬂg).

During wiping, fibresin the wipe-surface will directly interact with the contaminated surfiaceay therefore

be postulated that a greater number of fibnél lead to more contact and therefore more removal. As indicated
in[Table 7, the solid (fibre) volume fraction increased with increasirface density, such that both the PP and
lyocell 150 g.n? webs contain significantly more fibres than the 50-gand 100 g.m (p <0.05) Accordingly,

the heaviest wipes considered in this study, i.e. 1502 gonsistently yielded greater bacteria removal
efficiency than the 50 g.fhand 100 g.m wipes.

However, increasing the surface density also enables a greater weiggtioé liquid to be reabsorbeasthere

is greater excess absorptive capacity in a heavier wipe, even if the liquithloaterms of weight fraction was
consistent for all wipes. In absolute terms, heavier-weight wipes will carrg houid volume than those of
lighter weight. Note that in addition, during wiping, the pressure apfdi¢ite substrate is likely to reduce the
pore volume as a result of compression, leading to a reduction itiveffabsorbent capacity. Collectively, this
points to heavier weight (>100 g3y regenerated cellulosic wipes with biocide being preferentially usédwtin t
healthcare environment. As best practice for infection control, thiddshewcombined with use of a high hand
wiping pressure, where possiltie maximise bacterial removal efficiency. It is interesting to note thatotbee
of hand wiping pressure varies dependingtl fibre composition of the wipe substrate. To the author’s
knowledge this has not been previously reported. Additionally, imjgortant to note that in real usage
conditions, heat transfer from theer’s hand might potentially influence wiping efficiency.



The benefit of increasing the substrate surface density is also liketyddrue for dry wipes, as it has also been
shown in previous work that bacteria will adhere to wipe fibres in thesthie. As reported in these
experiments, greater fibre surface area is provided at the interface béteegipe and contaminated surface
As the wipe surface density increases, there will be more surface providettferial adhesiofL4).

In future, it may be necessary for the fibre composition of the wigeetmade clearer on the packaging of
wipes products so that better guidance can be provided about the haawtgzrde be appliedlt could be
difficult for users to know how much pressure they are actuallytisgen real life on the wipe, however the
wiping pressure used in this experiment were purposalyd on “low”, “medium” and “high” values that
correlate with the ‘hand pressures’ already reported in the literature.



Table 6. Optimum process results.

Optimum Process Results

Area density

Liquid addition

Wiping pressure

>l 171.96 162.32 189.70
5 32 201.41 199.22 201.18
I:- 3 211.03 222.86 193.52
OPP 150g.n? With Biocide 4.68 kN.nv
Difference 39.07 60.54 7.66
o Area density Liquid addition Wiping pressure
g " >l 167.8 131.60 173.09
§ | 2 175.07 190.49 17559
>S5
% S 3 192.75 21353 186.94
%)
> OPP* 150g.m? With Biocide 13.80 kN.?
o
o Difference 24.95 81.93 13.85
Area density Liquid addition Wiping pressure
w >1 145.6 128.50 176.08
E 2 187.99 193.19 180.29
(]
E_ 3 201.91 213.81 179.13
u oPP 150g.n2 With Biocide 4.68 KN.?
Difference 56.31 85.31 4.21
Area density Liquid addition Wiping pressure
>l 168.35 140.43 192.05
— 22 177.88 188.22 175.97
o
u‘j 3 233.97 251.54 212.17
OPP* 150g n1? With Biocide 13.80 kN n?
Difference 65.62 111.11 36.19
.&.’_ Area density Liquid addition Wiping pressure
= >1 153.67 142.64 196.21
c
(2]
2|3 %2 185.50 190.66 161.58
; F
g 3 >3 231.51 237.37 212.89
c |l
= OPP* 150g.nm With Biocide 13.80 kN.n?
(8]
S Difference 77.84 94.73 51.31
Area density Liquid addition Wiping pressure
>l 149.69 143.01 188.56
(%))
T 2 192.91 187.56 166.47
(&)
ke 3 229.75 241.78 217.32
L OPP* 150g.nm? With Biocide 13.80 kN.n¥
Difference 80.06 98.78 50.85




Table 7. Relativefibre content at the wipe-surface interface. SEM images of wipe substristedifferent
surface densitys were analysed using FI1JI image analysis sof@@&y¢hen output values were subject
to ANOVA with a post hoc Tukey’s test (p < 0.05). Means that do not share a grouping letter are
significantly different from each other. Data are the average of filieatgs. S.D. is standard deviation.

Wipe surface Mean fibre percentage| S.D. | Grouping
density §.m?) present at wipe: surface
interface (%)
50 70.43 211 A
B 100 81.81 0.97 B
2
150 91.25 1.10 C
50 77.23 4.10 B
e 100 79.30 1.85 B
150 94.25 1.46 C
15 Conclusions

Removal of pathogenic bacteria from abiotic surfaces using nonwovess \wipcombination with a biocidal
liquid is a stratagem commonly used by healthcare providers. Pradwftizvipes with optimal bacterial
removal efficiency is therefore crucial. Using an orthogonal arrdingestrategy, it was determined that the
optimum surface density for both the lyocell and PP wipes wasglis?, i.e. regardless of wipe polymer
composition, it was advantageous to use the heaviest substrate. THistemsally higher than the surface
density of many surface wipes currently used in healthcare enwinats, which are more typically in the range
45-100 g.n¥. Cleaning efficiencies could therefore be improved by specifying wipbigher surface density
The addition of biocidal liquid had the most influence on bacterial remd@pat0.05). This work provides new
insight into cleaning, disinfection and decontamination, however greatlsrsianding is needed into the
fundamental process underlying bacterial removal from surfaces iwyowen wipes. The results of this
research suggest that best practice for infection control should involvef usmavier weight, regenerated
cellulosic wipes impregnadewnith biocide, with as much wiping pressure as possible.
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