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Abstract

Proper hygiene practices are important to help mitigate contamination of floors with microbial pathogens
such as Staphylococcus aureus that can be transmitted to high touch surfaces in a health facility. We
hypothesized that the bactericidal efficacies of different hygiene products will be significantly different, and
the hygiene practices used will cause variable levels of cross-contamination. A two m? vinyl floor
contaminated with S. aureus was used to test the efficacies of five floor hygiene products using three different
mops. There were significant differences among product types used, with the neutral cleaner having the
most average log10 densities recovered compared hydrogen peroxide or quaternary ammonium
compounds-based disinfectant products. More cross-contamination was observed when cotton mops were
used, while the area cleaned or disinfected had no significant differences among average log: densities
recovered. The neutral cleaner had the least efficacy against S. aureus compared to disinfectants and
sanitizer. The mop type and product combinations were significantly different; hence the overall performance
of hygiene practices is highly dependent on product and mop type.

Background/Introduction

Environmental surfaces in commercial facilities that receive frequent hand contact (i.e., high touch surfaces),
are a potential vector for environmentally transmissible pathogens. In healthcare facilities, there is ample
evidence linking the transmission of pathogens to high touch surfaces (Dancer, 2014) (Otter et. al, 2013)
(Wu et al, 2019). However, the role of floors in the chain of infection is less understood and more
controversial. The common belief is that the floor does not play a significant role in pathogen transmission
in healthcare settings and other commercial facilities (Rutala and Weber, 2008) (CDC, 2019). As a result,
floor hygiene is frequently ignored, or at best considered a low risk for pathogen transmission (Rutala, 2008)
(CDC, 2019) (Siegel et al, 2006) (Donskey, 2019). Centers for Disease Control and Prevention (CDC)
guidelines similarly associate minimal risk with floors, advising facilities to clean floors on a regular basis,
but have yet to identify infection risks associated with floors and do not advise the routine use of sanitizers
or disinfectants (Rutala, 2008) (CDC, 2019) (Siegel, 2006) as there is limited benefit from using sanitizers
or disinfectants over neutral floor cleaners (Rutala, 2008) (Danforth et al, 1987).
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Recent studies question the conventional
view of the importance of floor disinfection by
demonstrating the infection risks associated
with floor hygiene. Floors can be reservoirs
for pathogenic microorganisms (Munoz-
Price et al, 2012) (Ali et al, 2015) (Wong et
al, 2016) (Deshpande et al, 2017) (Redmond
et al, 2021) (Suleyman et al, 2018) and are
typically contaminated at higher levels than
proximate hand contact surfaces (Redmond,
2021) (Mustapha et al, 2018) (Yui et al, 2017)
(Mutters et al, 2009) (Brown et al, 2018)
(Ciofi-Silva et al, 2019) (Rutala et al, 2010)
(Strassle et al, 2012). Studies that tracked
the movement of pathogens show that
pathogens on floors can migrate from floors
to hand contact surfaces (Mahida and
Boswell, 2016) (Galvin et al, 2016) (Prussin
and Marr, 2015) and from one room to
another via several routes (Koganti et al,
2016) (Wei and Li, 2016) (Rashid et al, 2016)
(Gupta et al, 2007) (Hambraeus et al, 1978)
(Prout, 2013) (Whyte, 2013), thus suggesting
that floor hygiene may need to be considered
when assessing infection risk for a
commercial facility, especially in healthcare
settings (Donskey, 2019). While current
evidence does not conclusively link floor
contamination to disease outbreaks, a few
recent studies demonstrate or discuss how

floors may play a role in pathogen
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dissemination, which could lead to infection
(Donskey, 2019). For example, patient
socks can become contaminated by the floor
and subsequently transferring bacteria to
bedsheets (Mahida, 2016) (Galvin, 2016) or
by the shoes of healthcare workers
(Redmond, 2021).

Floor hygiene practices vary drastically
among different healthcare facilities in terms
of frequencies, choices of hygiene products,
and uses of different cleaning tools.
Therefore, it is critical to understand the
hygiene outcomes associated with different
floor hygiene practices. In this study, we
investigated how the selection of cleaning or
disinfection products, manual floor mopping
tools, and application methods contribute to
different

hypothesized that the bactericidal efficacies

hygiene outcomes. We
of different hygiene products will be
significantly different. We also hypothesized
that the different hygiene practices used will
cause  different levels of  cross-

contamination.
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Materials and Methods

Staphylococcus aureus strain, culture, and

recovery

Staphylococcus aureus (ATCC 6538) was
used to assess the bacteria removal and
disinfection efficacy of floor hygiene
chemicals and mopping tools. S. aureus was
grown following the standard test method
EPA MB-06-10 [32]. Briefly, 10 yL from a
cryovial of S. aureus culture was used to
inoculate a 10 mL tube of synthetic broth.
The broth was subsequently incubated at 36
°C for 24 h. The 24 h culture was vortexed
for approx. 30 s, and 5% of organic soil (fetal
bovine serum) (ATCC, Manassas, VA) was

added to simulate a dirty condition.

Floor hygiene products

Five commercially available floor hygiene
products were used in this study. All products
were diluted with tap water per the ratios
specified on the product label (see Table 1).
Specifically, AHP was used at 1:64 dilution
as a disinfectant and at 1:128 as a non-food
contact surface sanitizer; V2 was used at
1:256 dilution as a disinfectant; VP was used
at a 1:256 dilution as a disinfectant; PC was
used at 1:256 as a cleaner without

antimicrobial efficacy.
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Table 1: Cleaning and disinfectant
products, their use concentrations, active

ingredients, and contact times.

Dilution Contact
Product* | Ratio Active Ingredient(s) Time
AHP64 1:64 1-5% hydrogen peroxide 10 min
AHPI28 | 1:128 1-5% hydrogen peroxide 3 min
V2 1:256 5-10% didecyl dimethyl ammonium chloride + 5-10% | 10 min
n-alkyl dimethyl benzyl ammonium chloride + 1-5%
ethyl alcohol
VP 1:256 10-30% di-n-alkyl dimethyl ammonium chloride + 5- | 3 min
10% n-alkyl dimethyl benzyl ammonium chloride + 3-
7% alcohol,
PC 1:256 N/A N/A

#Abbreviated naming scheme for commercially available EPA registered disinfectants used in this study.

The impact of different mopping materials
and application methods were investigated
by testing each of the hygiene products with
a 1 Ib cotton loop mop, 22 cm flat mop with a
launderable pad (TASKI
Diversey), and a 22 cm flat mop with a
disposable pad (TASKI SUM, Diversey).

Jonmaster,

Table 2: Description of mops used in this

study
Mop type Length or Weight | Materials
Cotton loop mop (CM)* 160z 100% Cotton

50% microfiber, 50%
polyethylene terephthalate

Flat mop with launderable pad (FL)* | 22 cm

50% microfiber, 50%
polyethylene terephthalate

Flat mop with disposable pad (FD)* | 22 cm

e Diversey Holdings, Fort Mill, SC

Floor testing area setup and floor

disinfection efficacy test procedure

Floor cleaning and disinfection were

performed on vinyl floor material without floor
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finishes in an area of 1 m by 2 m, as shown
in Figure 1, which was disinfected with 70%
alcohol prior to each trial. Samples were
taken from the disinfected test area prior to
the inoculation to ensure a lack of
contamination. The testing area started with
an inoculation zone with three inoculation
boxes of 5 cm x 5 cm dimensions, which
were inoculated with 100 uL per inoculation
box (1 x 108 CFU of S. aureus). The bacteria
culture was evenly spread within the boxes
and was allowed to air dry for 30 min at which
time the inoculum was visibly dry. Following
inoculation, a mop loaded with a hygiene
product was used to mop with moderate
force from the inoculation zone in an up and
down pattern (shown by the yellow dotted
line in Figure 1) until the entire testing area
was covered. Efforts were made to apply a
mopping force and mopping technique
representative of how an experienced worker
would typically use the mop in a facility by
having a Diversey floor care application
expert perform the mopping and to apply a
consistent force between trials by having the
same tester perform all of the mopping
during the study. Each path had a slight
overlap with the previous one to ensure the
entire area was covered. 5 cm x 5 cm
sampling boxes (shown in green in Figure 1)

were marked every 0.5 m? (at 0.5 m?, 1.0 m?,
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1.5 m?, 2.0 m?) in the central line of the

testing area.

Figure 1. Schematic drawing of the
laboratory floor area used for testing. 2.1
meters of physical floor area was delineated
into 0.5 m? sections and marked using tape
and a wax pencil. The inoculation zone (0.1
m x 1.0 m) is shown in blue at the left. After
inoculation and drying of the inoculum, the
tester’s mopping path followed an up to down
pattern, while standing outside the mopping
area, to ensure that the entire testing area
was covered, but that the tester’s feet did not
contaminate the mopping area. The floor
was sampled for bacteria at the four
sampling boxes (5 cm x 5 cm) shown in
green to recover potentially cross-
contaminated S. aureus. Viable control
counts for the inoculum (mean 5.47 log1o)
were taken for each product/mop
combination to ensure bacterial viability on

the floor prior to a given mopping trial.
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Prior to testing, liquid load for each mop type
was determined (data not shown) to ensure
consistent wetness during the trials. For all
trials using the cotton mop, 850 to 1050 mL
of cleaner, sanitizer, or disinfectant was
loaded onto each mop. For all trials using the
launderable flat mop, the liquid load was 230
to 260 mL and for the disposable flat mop, 40
to 48 mL.

All mops used in the study were autoclaved
prior to use. Prior to inoculation, the floor
area was cleaned and disinfected using 70%
isopropyl alcohol. A blank control without
bacteria inoculation was taken from the floor
prior to replicate to ensure the floor was free
of contamination. After inoculation described
above, the operator conducted mopping by
stepping outside of the testing area to avoid
cross-contamination.  Post-mopping, the
hygiene products were allowed to remain on
the floor for the bactericidal contact time
specified by the product label (Table 1). At
the end of the contact time, each sampling
box was swabbed using a 3M Swab Stick
(with 10 mL neutralization buffer; 3M, Saint
Paul, MN) to recover bacteria. One mL of the
neutralization buffer from each stick was
used to enumerate the bacteria recovered
through serial dilutions. Each packet was

vortexed for 30 s prior to plating and 100 L
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was plated on tryptic soy agar (TSA; Becton
Dickinson, Franklin Lakes, NJ) and
incubated for 24 h at 36 °C. Used mops and
recovered wastewater were not tested for

microbial content.

Statistical Analysis

Average logio CFU/ml were calculated and
compared for statistical differences among
each of the four different disinfectants and
one cleaner product across defined sampling
areas using different mop types. Similarly,
average logio CFU/cm? was calculated for
each mop type to compare the
log1o recoveries for each from the inoculation
zone to 0.5, 1, 1.5, and 2 m? sampling area.
The least-squares method of the PROC
GLIMMIX procedure was used to compare
the mean logo densities per ml or cm? (a =
0.05). Surface areas sampled, mop types
and product types were treated as variables
with continuous effects. Pairwise
comparisons among disinfectant products,
surface areas cleaned/disinfected, and mop
types were done using Tukey adjustments.
All statistical tests were conducted using
SAS version 9.4 (SAS Institute, Cary, NC).
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Results

There were significant differences among
product types used for disinfecting/
cleaning floors contaminated with

S. aureus.

Overall, we found that S. aureus recovery
significantly differed by product type (Figure
2A). The average mean logio densities
recovered from hydrogen peroxide (HP)
based products were 1.00 £ 0.03 and 1.04 +
0.10 (P=0.0802) for AHP128 and AHP64.
For quaternary ammonium compounds
(QAC) based products the averages were
1.27 + 0.50 and 1.13 £ 0.30 (P=0.1607) for
V2 and VP respectively. Notably, PC had
significantly lower bactericidal efficacy and
significantly higher bacterial recoveries than
all other disinfection products 1.52 + 0.60
(P=0.0016), regardless of mop type or
sampling area. Products with the same
active ingredients did not have significant
differences.  Hydrogen  peroxide-based
disinfectant and sanitizer, AHP64 and
AHP128 performed similarly and significantly
better than all other products except for
QAC-based VP. The QAC-based products,
VP and V2, also performed similarly though

VP had slightly less mean log1o recoveries
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than V2 making it comparable with the

hydrogen peroxide-based products.

There were significant differences among
mop types, but there was minimal cross-

contamination across the floor surface.

Regardless of product type, the
logio densities recoveries of the three
different mops: CM, FD, and FL were 1.29 %
045, 110 + 0.29, and 1.19 = 0.47,
respectively (Figure 2B). While investigating
the impact of mop type, we found that cotton
mops (CM) 1.29 + 0.45 left significantly more
viable bacteria on the floor compared to the
flat mop with disposable head (FD) 1.10 %
0.29 (P =0.0062). Additionally, no significant
difference was observed between the two flat
mops (disposable VS

(P=0.2140).

launderable)

No significant difference in bacteria recovery
was observed in different sampling zones
regardless of product and mop types used for
cleaning/ disinfection. Mean log1o densities
recovered at different distances of the floor
test surface were: 1.17 +0.43 at 0.5 m?, 1.21
+ 0.47 at 1 m?, 1.21 £ 0.42 at 1.5 m?, and
1.17 £ 0.34 at 2 m2. Though not statistically
significant, there were slightly higher mean

log1o densities recovered at 1 m?and 1.5
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m?[Figure 2C; p = 0.8645]. The minimal
cross-contamination indicated that all the
mop types were successful in picking up
bacteria from the contaminated site and not
dragging it along the test surface floor. Since
a sufficiently wet mop was passed once over
the whole testing area most of the S.
aureus was picked up and transferred to the
wastewater hence minimal Cross-

contamination occurred.
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Figure 2: Aggregation of bacteria recovery
from sampling areas of the floor after
mopping with a disinfectant or cleaner for all
trials. (A) Mean log1o densities of bacteria
recovered from floor treated aggregated by
different disinfectant or cleaning products.
(B) Mean logiodensities of bacteria
recovered from floor mopped, aggregated by
mop type, for flat mops with a disposable
mop head (FD), flat mops with a launderable
mop head (FL), and cotton mops (CM). (C)
Mean logio density of bacteria across the
mopping area aggregated for all products
combined. Letters on bars represent Tukey
groupings for individual products. Similar
letters are not statistically significant
(p>0.05). Error bars represent standard
deviation; all testing was completed in

triplicate.

There were differences among the
product-mop combinations used on the

floor surface.

Overall, we found that there were significant
differences with the product-mop
combinations used for disinfecting/ cleaning
the floor [Figure 3, P< 0.001]. Within the
same product types there were no significant
differences regardless of mops used except

when using the neutral cleaner.
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mops (with either launderable (1.00 £ 0.00)
or disposable (1.01 + 0.05) mop head) (P
=0.3282). The QAC-based products had low
recoveries for V2 with a flat mop (with either
launderable (1.00 £ 0.00) or disposable (1.14
L NN + 0.27) mop head); and VP with a flat mop

<

10 E]-&Qe-c-e-

é dilution with a cotton mop (1.00 £ 0.00) or flat
2}%;%% %k%;h& 4{’& A

(with either launderable (1.00 + 0.00) or
disposable (1.03 + 0.07) mop head).
Additionally, higher bacteria counts were

using different combinations of mops and observed in QAC-based products (V2 (1.66
chemical products. This figure shows the + 0.68) and VP (1.36 + 0.44)) using cotton
aggregation of data for each mop-product

Figure 3. Floor disinfection outcome

mops than on either launderable or

combination tested with all 4 sampling sites disposable flat mops (P=0.2113). These floor

averaged with a separate bar for each disinfection practices did not result in

combination of the 3 mop types and 5 significant viable bacteria left on the floor.

products tested (15 in total). Vertical bars There were significantly higher levels of

— 750 i
represent the 25 75% quartiles. The bacteria on floors mopped with PC across all

median and the average are marked with a three types of mops. The bacterial recoveries

diamond and a horizontal blue line, were significantly higher when PC was
combined with the FL mop 1.90 + 0.69, but
lower with FD mop 1.30 £ 0.54 and with the

is the minimum detection limit for plate cotton mop 1.35 + 0.35 (P=0.0262, P=0.0210
recovery.

respectively. The whiskers represent the

minimum and the maximum values. One log

respectively).

We recovered the least bacteria from the
. _ o Discussion and Conclusions
floor using the following combinations of

mops and chemical products: AHP64 with a To the best of our knowledge, this is the first
cotton mop (1.08 + 0.14) or flat mops (with study comparing floor hygiene between floor
either launderable (1.02 + 0.09) or cleaning/disinfection products and manual
disposable (1.00 + 0.00) mop head) (P floor application methods using an

=0.2457, P=0.0604, respectively); AHP128
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intentionally inoculated floor surface to

represent real-world hand tool use.

Based on our results, healthcare facilities
should consider the potential for higher
levels of bacteria on floors after manual floor
cleaning in patient care and other critical
areas when using a neutral cleaner and the
risk of subsequent dissemination of bacteria
from the floor. Hydrogen peroxide biocidal
products provided better microbial reduction
than the QAC disinfectants or the neutral
cleaner, which is consistent with literature as
hydrogen peroxide has a higher oxidizing
power compared to other active ingredients
(Luukkonen et al, 2015). This oxidizing
power results in penetration of the cell
membrane leading to reaction with cellular
components hence resulting in cell death
(Denyer et al, 1998). In a study by Exner et
al. (2005), it was observed that the use of
other disinfectant products caused more
spread of S. aureus than when hydrogen
peroxide-based disinfectant was used. On
the other hand, binding between quaternary
ammonium  chloride disinfectants  with
substrates has been previously
demonstrated to reduce disinfection efficacy
(Brown et al, 2019) (Boyce et al, 2015).

www.IC.tips | info@IC.tips

The use of launderable and disposable flat
mops significantly reduced the level of
bacteria that were cross-contaminated when
compared to the cotton string mop,
regardless of product used, demonstrating
that mopping substrate may also play some
role in the level of cross-contamination that
can occur through manual floor mopping.
According to Song et al. (2019),
investigations have been done to evaluate
the interaction of cotton wiping materials and
QAC-based products. BloR et al (2010)
reported that cotton adsorbs the active
ingredients for certain disinfectant, which in
turn affected the efficacy of those
disinfectants. Other materials such as
microfibers were found to perform better than
cotton materials as they were better at

removing soil from surfaces (Song, 2019).

As there was no substantial drying of the
floor after the label contact time, there was
minimal opportunity for mops to be reused
and possibly contaminate the test surface
again. Our results are consistent with a study
by Exner (2004), as they too showed that
when a PVC floor surface was mopped, most
bacteria was picked up by the mop and
recovered in wastewater, hence significantly
reducing the amount of cross-contamination

on the floor.
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Regardless of the disinfectant type or

cleaner used, none of the mops were able to

| www.ICtips

contamination regardless of the product

used and slightly higher logio recoveries

consistently remove all the pathogens were observed with the QAC-based
present on the floor surface. This suggests products. Irrespective of product and mop
that there are opportunities for improvement type used there were no significant

in floor hygiene technologies and
manufacturers should be encouraged to
improve the hygiene outcome for manual
floor hygiene application methods to further
reduce the risk of cross-contamination,
which may lead to dissemination of bacteria
that

surfaces

ultimately move to hand contact

where further inoculation is
possible. However, it is important to note that
interaction of mops or wiping materials with
disinfectants is influenced by various factors
disinfectant

such as temperature,

concentration, liquor ratio, material
compatibility, and contact time to be effective

[Song, 2019].

In conclusion, this study demonstrated that
the use of neutral cleaners consistently
resulted in higher levels of bacteria cross-
contaminated onto previously disinfected
floors when compared to the use of QAC or
hydrogen peroxide-based disinfectants.
There were significant differences in the
performances of the combinations of product
type and mop types. Cotton string mops

incrementally increased the risk of cross-
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differences in the mean logi densities
recovered at different sampling areas with

increase in distance.

Limitations

We recognize that our study is limited to a 2
m? area mopped, which is a relatively small
compared to a typical patient room of ~20 m2.
We used a diverse, but limited number of
floor cleaning/disinfection products and it is
possible that other products used for floor
hygiene may perform differently. Similarly,
while we explored different mop types, but
each type was limited to a single example; a
comparison of multiple mops of each type
may have demonstrated variability. Lastly,
this study was conducted using a single
organism. While S. aureusis a common
bacteria found on floors in a healthcare
environment, different bacteria or fungi may

have led to differing results.
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List of Abbreviations

ATCC: American type Culture collection;
EPA: Environmental Protection Agency; HP:
Hydrogen peroxide; TSA: Tryptic Soy Agar;

QAC: Quaternary Ammonium Compounds.
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