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Abstract
Although the relevance of surface disinfection is increasingly being accepted, there are still a number of
issues which remain controversial. In hospital environments in Québec (Canada), a three-step technique of
cleaning and disinfection is used following a case of Clostridium difficile contamination. This technique brings
together three factors: chemical, mechanical and microbiological. The present study investigates the impact
of the mechanical action during each of these three-steps on C. difficile spore populations. Thus, cleaning
and sporicidal products were replaced by water. The reduction rate of C. difficile spores was evaluated on
four contaminated types of surfaces commonly found in the hospital environment. They included: ceramic,
polyvinyl chloride (PVC), melamine and 2-methylprop-2-enoate methyl (PMAM) mattress cover. According
to the type of the inert surface, variation in the reduction rate of spores was observed. The mattress cover was
the most difficult surface to clean, followed by melamine. In contrast, the ceramic and PVC were the easiest
surface to clean. For all the four surfaces, the average rate of spore loss associated with the various steps
indicates that the mechanical action in the three-step process is important in reducing the risk associated with
the presence of C. difficile spores on the hospital contact surfaces.
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Introduction
Clostridium difficile, a spore-forming gram-positive
anaerobic bacillus, is commonly associated with
diarrhoea and colitis in humans.1 It was first isolated
from faeces and meconium of asymptomatic newborn
infants, and was originally named Bacillus difficile
because of its morphology and the difficulties
encountered in its cultivation.2 In the past 30 years,
however, C. difficile has been implicated as the
principal infectious cause of antibiotic-associated
diarrhoea in adult humans and it is now recognized
as one of the most important nosocomial human
pathogens.3 Thus, the ability of C. difficile to survive
within hospital environments remains a great global
concern. In Québec’s healthcare system, the presence
of this microorganism has been largely documented.4-7
Since 2008, a strategy of cleaning and disinfection
was developed for healthcare facilities following
the discharge of patients previously affected by
C. difficile. This approach is based on a three-step
decontamination process.8 The first step, which
entails cleaning with a broad-spectrum cleanerdisinfectant aims to significantly reduce the microbial
environmental load.9 The second step is a rinse with
clean water, while the third step involves the use of
a recognized sporicide disinfecting product. In these
procedures, the physicochemical properties of the
products are important as they must be effective
against C. difficile spores.8 A common point among
all three steps in this procedure is the mechanical
action of wiping. Theoretically, as more mechanical
action is applied to contaminated surfaces, a greater
reduction in the numbers of environmental spores
should be achieved. Therefore this mechanical action
may be an important element in the reduction of
the spores of C. difficile, in the three-step terminal
disinfection procedure. The frequent presence of
spores of this organism in the healthcare institutions
strongly suggests that environmental contamination
of inert materials may contribute to the transmission
of this pathogen when patients come into contact
with the contaminated surfaces. Mafu et al.10 showed
that attached cells which are intimately associated
with the inanimate material may be less susceptible
to cleaning processes due to the boundary layer and
the secretion of extracellular coatings. The ability of
microorganisms to become more resistant to sanitizers
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and other antimicrobial agents once attached to the
surfaces were also documented.10
The purpose of this study was to examine the impact of
the mechanical action in a three-step cleaning process
aimed at the elimination of spores of C. difficile on
inert surfaces. Here, water was used as the cleaning
solution in order to ascertain the effectiveness of the
wiping process. Four types of surfaces were included
in this study: ceramic, polyvinyl chloride (PVC),
melamine and bed liners made of 2-methylprop-2enoate from methyl (PMAM). No soaps, cleaners or
sporicide products were tested.
Materials and Methods
Type of surfaces
Test surfaces with standardized dimensions were used
in this study (225 cm2; 15 cm x 15 cm). The sample
surfaces, representing four different types of materials
included: melamine (5.6 mm, #992, Ébénisterie
Prestige Inc., Joliette, Quebec, Canada), ceramic (3.8
mm, polished, BC, Rona, Joliette, Québec, Canada),
“used” mattress covers (Hôpital Sacré-Cœur de
Montréal, Montréal, Québec, Canada) and PVC (1
mm, doubles matte finish, blue white, Princeville,
Vision Comfort, Rawdon, Québec, Canada).
Surface sterilization procedures
The ceramic tiles and bed liners were sterilized in an
autoclave using a cycle gravity (121°C, 30 min with
a drying time of 10 min). The melamine and the PVC
were irradiated at the Food Research and Development
Centre (Agriculture and Agri-Food Canada, StHyacinthe, Québec, Canada) by cobalt 60 ionization
with a minimal dose of 15 kGy. All the surfaces were
individually placed in Chex-all’s autoclave envelopes
(Schuman Company, Propper manufacturing Co. Inc.,
Long Island, New York, USA).
Bacterial strain and culture conditions
A clinical strain of Clostridium difficile, was obtained
from the American Type Culture Collection (ATCC
#BAA1801). Stock cultures of vegetative cells
were stored at -80ºC in Brain Heart Infusion broth
(Difco Laboratories, Beckton Dickinson, MD, USA)
supplemented with 20% (v/v) sterile glycerol as
cryoprotectant.
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Prior to each experiment, the cells were sub-cultured
(1% vol/vol) in a Reinforced Clostridial Medium
broth (RCM, Difco Laboratories, Beckton Dickinson,
MD, USA) previously reduced in O2, and incubated
anaerobically at 37°C for 48 hours. For spore
production, cultures were re-suspended in Wilson
sporulation medium (1%),11 and then incubated at
37°C for 20 days under anaerobic conditions.
Wilson Environment of sporulation (WES)
The environment of sporulation (WES) was created
using Wilson sporulation medium containing 90 g of
Trypticase peptone (Difco 211921), 5 g of protease
peptone no. 3 (Difco 211693), 1 g of (NH4)2SO4
(Sigma A4418) and 1.5 g of Trizma base (Sigma
T1503) in 1 L of distilled water. The pH of the WES
was approximately 7.4 without being adjusted with
the NaOH as describing by Wilson et al. (1982).11 The
medium was autoclaved at 121°C for 15 minutes and
then pre-reduced in an anaerobic environment for 24
hours before being used.
Sporulation
Following anaerobic incubation in Wilson medium the
tubes containing the sporulated strain were subjected
to thermal shock treatment by placing them in a
water bath heated to 80°C for 10 minutes. After heat
treatment the tubes were immediately transferred to an
ice bath for a few minutes for rapid cooling. Cells were
harvested by centrifugation at 4400 rpm for 10 min
at 4°C and the pellets were washed in sterile distilled
water. The centrifugation and washing steps were
twice repeated and the final pellet was suspended in
6 ml of sterile distilled water and stored at 4°C until
use. The presence of spores was confirmed by staining
the cells with Malachite green and viewing under a
microscope. Before each assay, tubes containing
spores were centrifuged at 4400 rpm for 7 minutes at
4°C and the pelleted cells suspended in 6 ml of 5%
bovine serum.
Malachite green staining
A drop of sample was placed on a microscope slide
and allowed to air-dry. Once dried, the smear was
heat-fixed and then covered with 5% Malachite green
(Sigma-Aldrich, kit * 04551-1KT-F, Schaeffer and
Fulton Spore Stain Kit). The slide was heated until the
stain began to boil (approximately 30 seconds), at
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which time excess stain was rinsed away with distilled
water. The smear was then flooded with the counterstain safranine for a contact time of 1 minute before
rinsing. The slides were examined under a microscope
at 1000 X magnification.
Contamination of the surfaces
The test surfaces were contaminated with C. difficile
spores by placing 500 µl of spore suspension on the
surface and evenly spreading with a sterile applicator.
The spore density of the surfaces was 5.82 log CFU/
cm2. Once the suspensions were applied, the surfaces
were allowed to dry for 45 minutes.
Enumeration of the bacterial population after cleaning
In order to simulate the wiping action associated with
real conditions found in the hospital environment,
a piece of cloth was immersed in sterile hard water
and the surplus of water was wrung out with sterile
gloved hands. The cloth was then used to wipe each
test surfaces. Specifically, this involved four in and
out movements, beginning at the top-left corner and
ending at the left inferior corner, making sure equal
and constant pressure was applied. These steps were
repeated three times in order to account for the wiping
action involved in each stage of the three step cleaning
process. A sterile cellulose sponge (B01245WA, WhirlPak, Nasco) pre-moistened with D/E neutralizing broth
(Oxoid, QBS10DE1)12 was used to sample each surface
by making 3 wiping motions from top to bottom in
order to achieve full surface coverage. Each sponge
was placed in 90 ml plug D/E neutralizing broth and
processed in a stomacher (Stomacher ® 400 Circulator,
Seward) for 30 sec at 230 RPM. Viable C. difficile was
enumerated by plating the samples onto BHI agar
supplemented with 0.1% sodium taurocholate. The
plates were incubated at 37°C for 24 hours under
anaerobic conditions.
Statistical methods
All experiments were conducted in triplicate. Within
each experiment a single test surface was replicated
three times, with duplicate samples plated for each
individual surface. Therefore, the average value of the
duplicates was used in the analysis of variance since
both values obtained by duplicates did not represent
independent assays. The effect of the various factors was
tested by analysis of variance (ANOVA), according to
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the GLM’S procedure. The normality of the results was
verified using Shapiro-Wilks test and the homogeneity
of the variances by the Levene test (data not shown).
Results
The mechanical action associated with wiping in
each stage of the three step cleaning process impacts
the total number of spores removed from the test
surfaces. Table I shows the reduction in the number
of spores associated with each individual step for
each surface. Averaging all surface types, there was
an overall increase in spore removal from 0.55 log
CFU/cm2 after step 1 to 1.83 log CFU/cm2 after the
final step, indicating that more than 90% of spores
can be eliminated by wiping action alone during

the three-step cleaning procedure. The number of
cleaning steps significantly impacted the effectiveness
of spore removal. The highest level of spore losses for a
single cleaning step using water was 0.73 CFU/cm2 for
melamine (Figure 1); whereas, increasing the number
of cleaning steps to three resulted in as many as 2.5 log
CFU/cm2 spores removed, as was the case for ceramic.
Although the cleaning of ceramic and PVC surfaces
appeared to be similarly efficient, results for the bed
lining material demonstrated the difficulties associated
with removing spores from such surfaces. Despite the
application of three cleaning cycles, only 0.74 CFU/
cm2 of spores were removed from the mattress covers.
Melamine was intermediate in cleaning efficiency
after the three step procedure (2.08 CFU/cm2).

Table I. Loss of spores associated with cleaning of various surfaces with water and mechanical action.
Comparison of the number of steps.
Number of cleaning
steps

Loss of spore (log CFU/cm2 ± standard deviation)
Ceramic

PVC

Melamine
Initial population

Average

5.14 ± 0.14

5.10 ± 0.33

5.06 ± 0.21

4.73 ± 0.15

5.01

1

0.60 ± 0.50

0.65 ± 0.81

0.73± 0.47

0.28 ± 0.24

0.55

2

1.88± 0.34

2.02 ± 0.53

1.09± 0.36

0.11 ± 0.12

1.27

3

2.25 ± 0.89

2.23 ± 0.47

2.08 ± 0.30

0.74 ± 0.34

1.83

1.58

1.63

1.30

0.35

---

Average
1

Mattress-cover
1

Spore population attached to the surface before cleaning/disinfection

Figure 1. Loss of spores associated with a cleaning of various surfaces by using mechanical action and water
(method of cleaning varying from 1 to 3 steps).
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Table II. Results of the analysis of variance for
comparison of the methods of cleaning
with some water in 1 to 3 steps
Source

p-value

Surface

<0.0001

Cleaner

<0.0001

Surface x method

0.15

Table III. Results of the test of multiple
comparison of Duncan for the surface
factor
Duncan
group *

Loss of spore
Average
(log CFU/cm2)

Surface

A

1.63

PVC

A

1.58

Ceramic

A

1.30

Melamine

B

0.35

Mattress-Covers

* The averages associated with the same letter are
not significantly different.

Table IV. Results of the test of multiple
comparison of Duncan for the method
factor
Duncan
group*

Loss of spore
Average
(log CFU/cm2)

Method

A

1.83

3 steps

B

1.27

2 steps

C

0.55

1 step

The averages associated with the same letter are
not significantly different.
1
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Statistical analysis
Table II presents the results of ANOVA allowing
comparison of the use of water as the cleaning agent
with the implementation of various cleaning steps (i.e.
1 step versus 2 and 3 steps). It is possible to conclude
that the type of surface and number of cleaning steps
significantly influence the reduction of spores (P <
0.0001).
Table III presents the results of the Duncan multiple
comparisons test for the surface type factor only. The
spore reduction values on the PVC (1.63 CFU/ cm2),
ceramic (1.58 CFU/ cm2) and melamine (1.30 CFU/
cm2) surfaces were significantly greater than those
found in mattress covers (0.35 CFU/ cm2). On the other
hand, the statistical analysis does not show significant
differences between the surfaces of PVC, ceramic
and melamine when water is used as cleaning agent.
This was probably due to the small sample size in this
present statistical analysis.
The factor method of the Duncan multiple comparisons
test is presented in Table IV. All three steps resulted in
significant reductions in spore numbers. Accordingly,
the three-step procedure resulted in the greatest
reduction of spores (1.83 CFU/ cm2), while the single
step method resulted in the smallest reduction (0.55
CFU/ cm2). This analysis clearly demonstrates the effect
of the mechanical cleaning action in the elimination of
spores of C. difficile. These data demonstrated that it is
possible to get rid of more than 90% of contaminants
by strongly rubbing the surfaces.
Discussion
The use of a three-step cleaning-disinfection procedure
for disinfection following a case of Clostridium difficile
brings together three types of factors: chemical,
mechanical and microbiological.8 The present study
was focussed on the impact of the mechanical action
of wiping on the removal of spores of C. difficile on
four types of surfaces commonly found in the hospital
environment. Therefore, for the purpose of our studies,
the disinfectants and sporicide products normally
implemented in the first and last steps of the threestep procedure were omitted and replaced with sterile
water.
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Firstly, the results obtained show that the mechanical
action of the cleaning has variable effects according
to the type of surface. The ceramic and PVC surfaces
appear to be similar in terms of ease of cleaning and
spores could be effectively removed. In contrast, the
mattress cover surface was found to be difficult to clean,
while spore reductions on melamine were somewhat
intermediate. This variation in the ease of cleaning
between surfaces can be explained by the interaction of
various factors specific to each material.13 The physicochemical properties of surfaces play an important role
on microbial adhesion and cleaning efficiency.14-18
Microbial attachment to inert surface is the result of
a succession of steps which involves van der Waals,
Lewis’ acid-basis and electrostatic interaction forces.19-20
There are also physical characteristics of the surfaces
such as the roughness, the nature of the components,
as well as the environmental conditions which can
influence bacterial adhesion.21-23 These factors can
modulate the hydrophobic or hydrophilic nature of a
surface which is an important parameter to consider in
microbial adhesion. The hydrophobic or hydrophilic
characteristic of the inert materials can apply as much
to the surfaces of the solids as to that of the bacteria.24-25
Depending on the bacteria, this hydrophobic/
hydrophilic characteristic varies according to the
composition of the secretions of exopolymers specific
to each bacterial species.21,26-28 These exopolymers are
important participants in the attachment phenomenon.
According to Mafu et al.24 as the hydrophilic character
of a bacterium increases, it will tend to become less
attached to a solid surface. Thus, it is a parameter
which can modulate, in this particular case, the effect
of the mechanical action on the removal of spores of C.
difficile on a surface.
For the spores of C. difficile, as well as those of Bacillus
cereus, an exopolymer consisting of glycoproteins
creates an additional layer around the spore called
exosporium.29-30 It is reasonable to consider that the
absence or the presence of an exosporium could
influence the adhesion of a bacterium on surfaces within
hospital environments in the same manner as in the
food processing industry.31 According to Koshikawa,27
the exosporium would generally be more hydrophobic
than the envelope of the spore. This correlation
between the relative hydrophobicity of the spore and
Int J Infect Control 2014, v11:i3 doi: 10.3396/IJIC.v11i3.018.15
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the capacity of adhesion on a stainless steel surface
has been reported in the literature.32-34 Bernardes et
al.35 considered stainless steel as hydrophobic. It is
generally accepted that the hydrophobicity of spores
facilitates the adhesion on hydrophobic surfaces.32-33
On the other hand, with increasing hydrophilicity of
bacteria, cells will tend to become less attached to
inert material.24 Furthermore, it is also interesting to
note that the attachment can be variable according
to the nature of the strain. Lovleen et al.32 observed
that a clinical strain of C. difficile could have superior
adhesion capacities to surfaces compared with a
laboratory strain.
It is important to point out that once bacteria have
attached to a surface, they become more resistant
to sanitizing agents compared with bacteria in
suspension.24 In order to obtain optimum activity
of chemicals, it is thus necessary to remove and resuspend surface associated bacteria and spores. This resuspension in medium requires the use of a mechanical
action which will distort the energy connections which
intervene in the adhesion between a solid surface
and bacterium. However, the mechanical action can
have variable effects on the efficiency of removal
of microorganisms according to the surface and the
species/strain.36 A study carried out by Foschino et al.18
shows that a stainless steel surface contaminated with
Escherichia coli cleaned with distilled water achieved
a 98% reduction in cell numbers; and only 34% with
Aspergillus niger. The hydrophobic surfaces would be
more difficult to clean according to Faille et al.37
It should be noted that the mechanical action of wiping
with or without a cleaning product does not kill the
spores of C. difficile. It simply allows a reduction in
the number of spores on a surface.38 Once removed
from the surface, it is the activity of the sporacidal
agent in the three-step process that actually kills the
spores. Nevertheless, the effectiveness of the sporacide
is highly dependent on the dislodgement of spores by
mechanical action. Data shown in Figure 1 demonstrates
that with a single step of mechanical action, the spore
removal varies according to the nature of the surface.
Moreover, the effectiveness of a single step was low
as the average reduction of spore numbers was 0.55
log CFU/cm2 for all surfaces combined. Besides the
difficulty in breaking the links between two associated
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surfaces, including aggregates of spores, there is a
possibility that a percentage of spores removed during
the mechanical action can simply be moved from one
spot to another.39 Therefore, it is possible that spores
can reattach to another location on the surface.33-37
This phenomenon increases the difficulty in achieving
spore-free surfaces during cleaning. According to Sylla
et al.40 the strategies for cleaning should take into
account this re-attachment phenomenon to limit the
risk of re-contaminating the surfaces.
In the current study, the application of a second
mechanical action resulted in a significantly greater
reduction in spores found on the test surfaces. The
average of reduction for all combined surfaces was
more than double (1.27 log CFU/cm2) that obtained with
the single step procedure (Figure 1). Implementation
of the third mechanical step, even without the use of
a sporicide, further decreased the number of spores
on the four surfaces; however, it should be noted that
the presence of residual spores on the surfaces after
all three cleaning steps remains problematic. This is
especially true with the mattress cover surface where
a reduction average of only 0.74 log CFU/cm2 was
obtained after the three step procedure. As mentioned
previously, the unique characteristics of this surface
could explain this observation as this type of surface is
similar to woven synthetic fibres.
Conclusion
The results obtained in this study show that various
surfaces used in the hospital environment can impact
the adhesion of spores of C. difficile and consequence
the cleaning efficiency. As an example, the mattress
covering material examined here was found to be
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the surface most difficult to clean using only the
mechanical action of wiping. The importance of these
observations from a practical perspective comes
to light when “more difficult to clean” surfaces are
part of the furniture in places of increased risk for
the clientele of the hospital. The use of such surfaces
as well as the cleaning-disinfection protocols in this
environment require particular attention.
The results obtained from this study confirmed that
the mechanical action of wiping in a three-step
cleaning strategy aimed at terminal disinfection of C.
difficile is an important consideration in reducing the
risk of contamination. Nevertheless, irrespective of
the important role this mechanical action of wiping
plays in a three-step process, that alone cannot
achieve the necessary margin of safety required to
mitigate the risk of contamination as residual spores
of C. difficile will remain on surfaces. The use of
products containing surfactants and/or sporacidal
agents would be complementary to the mechanical
action and would so allow a maximization of this
safety margin.
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