Tuominen et al. Acta Veterinaria Scandinavica
https://doi.org/10.1186/513028-023-00676-z

(2023) 65:13 Acta Veterinaria Scandinavica

RESEARCH  OpenAcess
®

Check for
updates

Survival of livestock-associated
methicillin-resistant Staphylococcus aureus
CC398 on different surface materials

Krista Tuominen' ®, Sara Frosth', Karl Pedersen? Thomas Rosendal® and Susanna Sternberg Lewerin'

Abstract

Background Zoonotic livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA) is widely spread

in pig herds in many countries. However, the knowledge regarding the survival of LA-MRSA in the pig farm environ-
ment is currently limited. The aim of this study was to assess the survival of LA-MRSA on different surface materials
found in the farm environment. The study investigated the survival of two different LA-MRSA strains belonging to the
clonal complex (CC) 398 on four different surfaces: stainless steel, polypropylene plastic, K30 concrete and commercial
concrete disk coupons. The survival of the bacteria over time was determined by the viable count method and, where
possible, fitting a model to the observed data by using nonlinear least squares method to calculate the half-life (t1 /)
for different strain and material combinations.

Results The study showed that the half-life of the bacteria was longer on polypropylene plastic (t1/,=11.08-

15.78 days) than on stainless steel (t1,=2.45-7.83 days). On these materials, both LA-MRSA strains survived through
the 14 week observation period. The bacterial decay was fastest on the concrete surfaces, where LA-MRSA became
undetectable after 3-9 weeks.

Conclusions The survival of LA-MRSA in the pig farm environment may be affected by different surface materials. A

more frequent sampling protocol (< 7 days) is needed to determine the half-life on concrete surfaces.
Keywords Bacterial decay, Concrete, Environment, Half-life, LA-MRSA, Plastic, Steel

Background

Livestock-associated methicillin-resistant Staphylococcus
aureus (LA-MRSA) belonging to clonal complex (CC)
398 is a zoonotic pathogen that colonizes several animal
species with pigs being one of its main reservoirs [1, 2].
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Even though LA-MRSA rarely causes clinical infections
in pigs, it poses a public health risk especially to those
working with livestock [3, 4]. However, the spread of LA-
MRSA is not limited to direct contact between humans
and pigs as spillover to persons without livestock contact
has also been reported [5-7]. While the relative con-
tribution of indirect transmission within a pig herd is
uncertain, previous studies have proposed that transmis-
sion through the environment plays a part in the spread
of LA-MRSA [8-10]. Bioaerosols have been proposed
as one possible route of environmental transmission of
LA-MRSA [9] as well as the contamination of the envi-
ronment, feed and material [11]. Additionally, humans
working at or visiting pig farms are possible sources of
LA-MRSA introduction to the herd [12]. A study by Feld
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et al. [13] assessed the survival of LA-MRSA in the dust
of pig farms, but the survival on different surface materi-
als commonly found in a pig farm is largely unknown.

The survival of bacteria is dependent on nutrients and
external factors such as temperature, humidity, pH and
oxygen concentration, but the optimal environment var-
ies between different bacteria. The temperature and pH
range for the growth of S. aureus in general is 7-48 °C
and 4.0-10.0, respectively [14]. According to previ-
ous studies, S. aureus survives better in lower relative
humidity (34%) and the survival declines as the relative
humidity increases [15, 16]. Staphylococcus aureus is also
capable of forming biofilms, which improves its survival
in challenging conditions [17, 18].

The survival can vary between different S. aureus
strains, which suggests that the intrinsic factors of the
bacteria are also important. In a study of nosocomial
MRSA by Wagenvoort et al. [19], outbreak isolates were
found to survive longer than isolates from sporadic cases,
where the outbreak isolates were reported to survive up
to 6—9 months in in-vitro environment. In another study,
a nosocomial MRSA strain was found to survive longer
than a methicillin-susceptible S. aureus (MSSA) strain
and the presence of dust of hospital origin was found to
increase the survival times for both MRSA and MSSA
[20]. The effect of surface materials on the survival of S.
aureus has been previously studied in a hospital setting,
where S. aureus remained viable for at least 1 week on all
tested hospital surface materials [21]. However, whether
or not the survival of LA-MRSA differs from the hospital-
associated MSSA and MRSA strains is largely unknown.

This study focused on investigating the survival time of
LA-MRSA strains belonging to CC398 on different sur-
face materials (polypropylene plastic, stainless steel and
concrete) that are commonly found in indoor pig facili-
ties. Plastic, such as polypropylene, is used in surfaces
such as slatted floors, pen dividers and equipment, while
stainless steel is used in crate structures as well as in
feeders and water nipples. Concrete is widely used as a
flooring material in pig farms and can be considered as a
harsh material to bacteria due its alkaline, dry and salty
properties [22].

The aim of the study was to provide input parameters
for an ongoing modelling study and to support decision
making regarding the control and sanitation practices
against LA-MRSA. To achieve this, the survival of LA-
MRSA CC398 was measured on different materials com-
monly used in the pig farm environment.

Methods

Surface materials

Four different surface materials were used in the study:
stainless steel, polypropylene plastic (PP) and two types
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of concrete. The stainless steel was in the form of sterile
15 mm diameter custom made disks (EN 1.4301; DHinox
AB, Uppsala, Sweden) and the polypropylene plastic was
screw caps from sterile 15 ml centrifuge tubes (Sarstedt,
Niimbrecht, Germany). The two types of concrete were
12.7 mm diameter concrete coated polycarbonate disc
coupons (BioSurface Technologies, Bozeman, Mon-
tana, USA) and large concrete cylinders. The concrete
in the disk coupons was type % Portland cement with
200-micron foundry sand as aggregate material. The
concrete cylinders were type K30, which is the most
common type of concrete used in Swedish pig farms
(personal communication, president of Swedish Pig
Farmers’ Association). The cylinders were broken into
pieces of approximately 5-7 cm in diameter. All materials
were autoclaved prior to inoculation.

Bacterial strains

Two different S. aureus CC398 strains were used to con-
taminate the surface materials. Both strains (S1 and S2)
originated from two Danish field studies: the S1 strain
was obtained from the SPACE project [23] and the S2
strain from the BioVir project [24]. The identifiers for
the strains were "SPACE sek. 1 gr. 3 hold 1 3/10-19 B10
MRSA 16/10-19” and “BioVir 5b/S3/control W52 sow 6
pig 2’ respectively. Both strains were LA-MRSA CC398
and belonged to spa-type t034.

The strains had been stored at — 70 °C in Brain Heart
Infusion (BHI) broth (CM1135; Thermo Fisher Scien-
tific Inc., Waltham, MA, USA) with 15% glycerol, before
they were subcultured twice on 5% bovine blood agar
(B341960; National Veterinary Institute, Uppsala, Swe-
den) and on selective Oxoid Brilliance MRSA 2 agar
(PO5310A, Thermo Fisher Scientific Inc.).

Bacterial counts

The plates were incubated at 37 °C for 24 h. One colony
of each subcultured strain was inoculated into 50 mL of
BHI broth (Thermo Fisher Scientific Inc.) and incubated
at 37 °C for 24 h. A viable count was performed by plating
100 pL of each broth culture as ten-fold serial dilutions
on the selective agar as well as on the 5% bovine blood
agar to compare the results between different media. The
plates were incubated at 37 °C for 48 h (read after 24 h
and 48 h).

From each broth culture, 100 pL was applied to the dif-
ferent surface materials. The bacterial concentrations of
the broths are presented in Table 1. The contaminated
steel, plastic and concrete disk coupons were placed on
petri dishes (92 x 16 mm,; Sarstedt). The large concrete
pieces were stored in 1000 mL polypropylene sam-
ple containers (VWR International, Leuven, Belgium).
All samples were air-dried for 4 h and then stored on a



Tuominen et al. Acta Veterinaria Scandinavica (2023) 65:13

Table 1 The estimated concentration of LA-MRSA in broth and
in the initial material samples

Material Strain Plate® Broth (CFU/mL) Sample (CFU/mL)
Steel S1 BA 880 x 10° 6.60 x 107
MRSA  7.20 x 10° 134 %107
S2 BA 133%10'° 823 x 10°
MRSA 550 x 10° 148 % 10°
Plastic S1 BA 880 x 10° 133x 10"
MRSA 720 x 10° 147 x 10°
Y) BA 133 %100 743 % 10°
MRSA 550 % 10° 857 x 108
Concrete disk ST BA 159 % 10'° 360 % 107
MRSA 730 x 10° 186 x 10°
S2 BA 148 % 10'° 440 % 10°
MRSA  1.03x 10" 153 % 10°
Concrete piece S BA 1.06 % 10'° 216 % 10°
MRSA  7.70 x 10° 218 % 108
S2 BA 117 % 10'° 590 x 108
MRSA 6,60 x 10° 226 % 108

The livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA)
concentrations for two strains (ST and S2) were estimated in broth and in the
initial material samples (steel, plastic, concrete disk and concrete disk). The
estimated broth concentrations were from single value and the estimated
sample concentrations were mean concentrations from triplicate samples. The
concentrations were calculated as viable counts on both 5% bovine blood agar
and selective Oxoid Brilliance MRSA 2 agar

2 BA=5% bovine blood agar, MRSA = selective Oxoid Brilliance MRSA 2 agar

laboratory bench (room temperature 20-22 °C, relative
humidity 66-68%) throughout the experiment, covered
with the petri dish lids.

An initial viable count for each material was performed
after the samples had dried. This was done by placing
one material sample into a 50 mL centrifugation tube
(Sarstedt) with 5 g of 3 mm glass beads (soda-lime glass;
Merck KGaA, Darmstadt, Germany) and 10 mL of buft-
ered peptone water (1% peptone, 8.5% NacCl), followed by
shaking for 3 min in 660 rpm in an orbital shaker (Yellow
line OS 2 basic; IKA-Werke GmbH & Co. KG, Staufen,
Germany). The large pieces of concrete were immersed in
100 mL of peptone water with 50 g of glass beads. From
the suspension, ten-fold serial dilution was prepared
using a Dilushaker III (LabRobot, Stenungsund, Sweden).
From the serial dilution, 100 pL was plated on selective
MRSA plates and 5% bovine blood agar plates and incu-
bated at 37 °C for 48 h (read after 24 h and 48 h). For the
following viable counts, all sample triplicates were plated
on selective MRSA plates and one triplicate from each
sample was also plated on 5% bovine blood agar. Using
selective media was seen as suitable for this study as it
reduces the risk of contamination of the plates by other
bacteria. The viable counts for plastic and steel were con-
tinued at weekly intervals for a total of 14 weeks. For the
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concrete samples, the first two viable counts were per-
formed at 1 week intervals and the subsequent counts
once every 2 weeks for a total period of 5 and 11 weeks
for the concrete disks and the large concrete pieces,
respectively.

Confirmation of the strains

Suspected MRSA colonies from the beginning and the
end of the study for each material and strain combi-
nation were confirmed to be MRSA by using a qPCR
assay detecting mecA, mecC, nuc and PVL genes as pre-
viously described by Pichon et al. [25]. The qPCR was
run with the following modifications: two duplex assays
were run instead of one quadruplex assay (nuc/PVL
and mecA/mecC, respectively) and the TagMan Fast
Advanced Master Mix (Thermo Fisher Scientific Inc.)
was used instead of the QuantiFast Multiplex PCR kit
from Qiagen. The assays were run on the CFX Opus 96
Real-Time PCR Instrument (Bio-Rad Laboratories Inc.,
Hercules, CA USA) and analysed by the CFX Maestro
Software version 2.0 (Bio-Rad Laboratories Inc.) with
default settings. The strains CCUG 60578 and CCUG
63582 (Culture Collection, University of Gothenburg,
Sweden) were used as positive controls and DNase- and
RNase free water (W4502; Merck KGaA) as negative
control. Prior to the qPCR, the strains were subcultured
on blood agar and incubated at 37 °C for 24 h. Approxi-
mately 3 pL of each culture was suspended to 180 pL
of lysis buffer G2 (Qiagen, Hilden, Germany) in a 2 mL
microcentrifuge tube. Ten pL of lysozyme (100 mg/mL;
Merck KGaA) and 10 pL lysostaphin (5 mg/mL; Merck
KGaA) was added to the microcentrifuge tubes and vor-
texed prior to incubation in a ThermoMixer C (Eppen-
dorf, Hamburg, Germany) at 37 °C and 300 rpm for
90 min. The DNA was extracted with EZ1 Advanced XL
(Qiagen) and EZ1 DNA tissue kit (Lot. No. 169044160)
using the bacterial protocol and 100 pL elution volume.

Bacterial decay models

The observed bacterial counts on the selective MRSA
plates were analysed by using nonlinear least squares
regression (NLS). This was performed by using the nls-
function (Nonlinear Least Squares) in R version 4.2.0
[26]. The bacterial decay was described with an exponen-
tial model N (¢) = Noe *, which can be linearized to
InN (¢) = InNy — At + &;, where N(t) represents the CFU
number (CFU/mL) of bacteria at time ¢, Ny is the CFU
number of bacteria at t = 0, A is the rate of decay and ¢&;
represents the error term. The half-life (¢; /2) was obtained

from the decay rates by ty, = In (2)/4. The model was fit-
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ted separately for the different bacterial strain and sur-
face material combinations.

Results

Initial bacterial concentrations

The LA-MRSA concentrations in broth and the ini-
tial mean concentrations recovered from samples are
presented in Table 1. In most cases, the mean bacterial
concentrations obtained from the sample materials were
lower than the concentrations of the corresponding broth
that was used for preparing the samples. The initial mean
bacterial concentrations on selective LA-MRSA plates
were consistently lower than the corresponding samples
on 5% bovine blood agar plates.

Bacterial counts on plastic and steel over time

The viable cell counts on plastic and steel samples are
presented in Fig. 1. The observed bacterial counts fol-
lowed an expected exponential decay up to week 14 when
an increase was observed on both steel and plastic sam-
ples. During the observation period, complete die out of
the bacteria was not observed for either strain on these
surface materials. The blood agar plates yielded larger
number of colonies than the corresponding selective
MRSA plates that were prepared from the same sample.
Mixed culture growth (suspected contamination, i.e., not
S. aureus) was observed in some of the blood agar plates,
which were excluded from the results.

Bacterial counts on concrete over time

The bacterial counts on concrete disks and concrete
pieces are presented in Fig. 2. The observed counts of
both bacterial strains decreased very rapidly on both
concrete surfaces. Due to the rapid decrease, the time
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Fig. 2 The livestock-associated methicillin-resistant Staphylococcus
aureus counts (CFU/mL) on concrete surfaces over time. Two
different concrete surfaces were used (concrete disks and concrete
pieces). Concrete disks were observed for 4 weeks and concrete
pieces for 11 weeks. All strain and material combinations were
plated in triplicates on Oxoid Brilliance MRSA 2 agar (MRSA) and

as a single sample on 5% bovine blood agar (BA). The points
represent the observed viable counts; counts with less than 30 CFU
are also included in the figure. If a sample had a count below the
quantification limit (< 30) on multiple dilution plates, the count from
lowest dilution is presented. The lines represent the mean viable
count of each concrete type, strain and plate combination

interval for sampling was unable to capture the expo-
nential nature of bacterial decay even when the bacte-
rial counts below quantification limit (<30 CFU) were
included in the results. The blood agar plates yielded
larger numbers of colonies than the corresponding
selective MRSA plates that were prepared from the
same sample. Mixed culture growth (suspected con-
tamination) was observed on some of the blood agar
plates, which were excluded from the results.
LA-MRSA became undetectable on all concrete mate-
rial and strain combinations during the observation

BA, plastic, S1
BA, plastic, S2
BA, steel, S1

BA, steel, S2
MRSA, plastic, S1
MRSA, plastic, S2
MRSA, steel, S1
MRSA, steel, S2
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Fig. 1 The livestock-associated methicillin-resistant Staphylococcus aureus counts (CFU/mL) on steel and plastic surfaces over time. The points
represent the viable counts within the quantification range (30-300 CFU) that were obtained from the samples; the lines represent the mean viable
count of each material, strain and plate combination. a 5% bovine blood agar (BA) and selective Oxoid Brilliance MRSA 2 agar (MRSA). b selective
MRSA plates from the same data. The counts from strain S1 steel sample on blood agar at week 14 are missing due to an error in sample preparation
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Table 2 Time until LA-MRSA became undetectable (die out) on
viable count plates prepared from concrete samples

Material Strain Plate® Time to die
out (weeks)

Concrete disk ST BA 5

Concrete disk S1 MRSA 5

Concrete disk S2 BA 3

Concrete disk S2 MRSA 3

Concrete piece S1 BA 5

Concrete piece ST MRSA 7

Concrete piece S2 BA 9

Concrete piece S2 MRSA 9

Two different types of concrete (concrete disk and concrete piece) were used as
sample materials. The livestock-associated methicillin-resistant Staphylococcus
aureus (LA-MRSA) were determined to have died out when the bacteria had
become undetectable on all viable count plates. The viable counts were
prepared on 5% bovine blood agar and selective Oxoid Brilliance MRSA 2

agar. The first two viable counts were performed at 1 week intervals and the
subsequent counts at biweekly intervals for a total period of 5 weeks for the
concrete disks and 11 weeks for the large concrete pieces

2 BA =5% bovine blood agar, MRSA = selective Oxoid Brilliance MRSA 2 agar

period. The observed die out for each combination is
summarized in Table 2.

Confirmation of the strains

The suspected LA-MRSA colonies recovered from the
prepared samples were confirmed to be LA-MRSA by
using qPCR. All of the material and strain combinations
were determined to be mecA and nuc positive and mecC
and PVL negative.

Bacterial decay models

The estimated decay constants and half-lives for steel and
plastic surfaces are presented in Table 3. When the expo-
nential decay models were fitted to the bacterial count
data for these surface materials, the residuals of the fit-
ted models for each material and strain combination
were not normally distributed for any of the strain and
material combinations. The fitted intercepts and coef-
ficients were significantly different from 0 (P <0.05). On
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concrete, the quick die out of the bacteria provided only
a limited number of points to fit the NLS model and the
data did not have equal variance over all ranges of the
explanatory variable (time). Therefore, it was not possible
to fit a model to this dataset.

Discussion

This study investigated the survival of LA-MRSA CC398
on different materials commonly used in the pig farm
environment. Surface materials that allow the bacteria
to persist in the environment will contribute to the risk
of LA-MRSA carriers, not only among the pigs but also
among humans working in the farm environment. Identi-
fying such risk surface materials is beneficial for planning
effective cleaning and disinfection protocols in farms.
While cleaning and disinfection have been shown to be
efficient in reducing LA-MRSA, routine cleaning pro-
cedures are not sufficient to remove all LA-MRSA from
the environment [27]. However, cleaning and disinfection
after culling the entire herd has been proven to be effi-
cient in eradicating LA-MRSA from a pig farm [28].

The results of this study suggest that the survival time
of LA-MRSA CC398 varies depending on the surface
material. Of the materials used in the study, concrete
seems to be the most unfavourable surface for LA-
MRSA. Even though estimating the half-life using a mod-
elling approach was not possible for the concrete data,
this conclusion is supported by the observation that the
used LA-MRSA strains became undetectable on the con-
crete surfaces in 3—-9 weeks, while on polypropylene plas-
tic and stainless steel the bacteria were still viable after
14 weeks. However, the bacterial counts on the concrete
should be assessed with caution as there remains uncer-
tainty in the proportion of the bacteria that was detect-
able from the concrete surfaces. As concrete is capable
of absorbing water [29], some of the bacterial suspen-
sion could have been absorbed and trapped in the con-
crete samples. Therefore, the bacteria inside the bigger
concrete pieces may not have been detected with the
methods used in this study. However, LA-MRSA also

Table 3 The decay of livestock-associated methicillin-resistant Staphylococcus aureus on steel and plastic surfaces

Material Strain Decay constant (\)/day® SE (\)® Half-life (t;2) in days®
Steel S1 0.089 (0.070-0.107) 0.009 7.83 (6.45-9.96)

S2 0.283(0.212-0.354) 0.035 245 (1.96-3.27)
Plastic ST 0.044 (0.031-0.057) 0.006 15.78 (12.22-22.26)

S2 0.063 (0.045-0.080) 0.009 11.08 (8.70-15.28)

The presented values were obtained by fitting a model to observed bacterial data by using nonlinear least squares (NLS) method. Separate models were fitted to two

bacterial strains (S1 and S2) on two surface materials (steel and plastic)
2 Corresponding 95% confidence intervals are presented in parenthesis

b Standard error for daily decay constant (\)



Tuominen et al. Acta Veterinaria Scandinavica (2023) 65:13

diminished quickly from the thin concrete disks, which,
together with the radical drop of weekly bacterial counts
between the first two observation time points, suggests
that concrete is a hostile surface for LA-MRSA. This
observation is further supported by a study by Maresca
et al. [22] where the microflora on concrete was shown
to have relatively low bacterial diversity and most of the
identified bacteria belonged to the Actinobacteria and
Proteobacteria phyla.

Many textbooks and standards recommend counting
only culture plates with colony numbers between 30 and
300 [30, 31]. However, in this study, the viable counts on
concrete that were below these quantification limits were
included in the results to illustrate the rapid decrease in
the bacterial counts between the first and second obser-
vation time points. Due to the uncertainty and the low
number of quantifiable observations for concrete, the
presented bacterial count results need to be interpreted
with caution. Further studies with a shorter sampling
interval are needed to be able to fit a model and calculate
a half-life for the survival of LA-MRSA on concrete.

In this study, the non-linear least squares method
was used to fit models to the polypropylene plastic and
stainless steel data. The obtained fits for different mate-
rial and strain combinations were imperfect, but this
approach was considered to best represent the bacterial
decay which is assumed to be exponential in the absence
of active growth. Fitting an NLS-model to the data gen-
erated an average decay, but was unable to capture the
increase in bacterial counts which was observed at the
end of the study for the steel and plastic samples.

Based on results presented in Table 3, LA-MRSA sur-
vives longer on polypropylene plastic surface than on
stainless steel or concrete. The mean half-life for plastic
(t,=15.8 and 11.1 days for strains S1 and S2, respec-
tively) was also longer than what has been previously
reported in dust (£,=5 days) in the study by Feld et al.
[13]. These results indicate that plastic surfaces could
allow LA-MRSA CC398 to persist in the environment
longer than on the other studied materials or in dust.
However, in a pig farm environment the different sur-
faces can be assumed to be at least partially covered by
organic material and therefore the survival of LA-MRSA
in the pig farm environment is likely to be an interplay
between several factors. These factors also include the
environmental conditions (e.g., temperature and humid-
ity) and the intrinsic properties of different bacterial
strains. Additionally, surfaces in the barn environment
deteriorate over time, making them rough and potentially
more favourable for bacterial survival than what was
observed in this in-vitro study. Nevertheless, these results
suggest that considering the properties of the surface
materials may improve the results of on-farm cleaning
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and disinfection routines. From a disease modelling per-
spective, more data about the survival and decay of LA-
MRSA can support accurate model development.

The strains obtained for this study were field samples
from Danish studies. As both of the strains belonged to
the same spa-type, they do not represent the whole spec-
trum of different LA-MRSA CC398 strains. Using these
particular isolates was seen as justified since they repre-
sent LA-MRSA, which have been encountered in a pig
farm environment and were recovered from well-known
farms with high traceability. The fitted decay constants
and the corresponding calculated half-lives indicate that
there is a difference in survival between different LA-
MRSA CC398 strains. This is an interesting result as one
could assume that LA-MRSA strains belonging to the
same spa-type would behave similarly. Further research
including more diverse strains of LA-MRSA would be
required to understand the variation of survival times.
In this study the LA-MRSA strain S2 appeared to have a
shorter half-life on plastic and steel than strain S1. The
variation in survivability of different strains was more
pronounced on concrete and steel than on plastic. Inter-
estingly, on concrete the S1 strain stayed detectable
longer than the S2 strain, but due to the uncertainties
related to the concrete data, interpretations of the con-
crete results should be made with caution.

The viable count method was used to estimate bacte-
rial concentrations and each strain and material combi-
nation was counted in triplicate on selective MRSA agar.
However, the selective MRSA plates are commonly used
for the detection of the bacteria rather than for quanti-
fication purposes, and it is likely to be a more demand-
ing medium for the bacteria to grow on. The purpose
of selective media is to inhibit the growth of non-target
bacteria, while they may not provide the optimal growth
conditions for the target bacteria. This phenomenon
is also known for other types of selective media, which
means that counts on selective media are underestimat-
ing the true number of bacteria. To monitor the possible
difference between selective and non-selective media,
one of each sample triplicate was also plated on 5%
bovine blood agar. The results shown in Fig. 1, Fig. 2 and
Table 1 all demonstrate that the viable counts on selective
MRSA agar were systematically lower than the counts on
the corresponding blood agar plates. However, based on
visual observation of the data, the relationship between
the different media remained sufficiently stable over
time. Therefore, using the selective MRSA agar was seen
as justified since the decay is likely to be similar on both
media and since it affected all samples equally.

During the study period, fluctuations in the bacterial
counts on the plastic and steel surfaces were observed.
Generally, this could be seen as normal variation, but
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on week 14 all the bacterial counts increased simultane-
ously. Different technical errors in the laboratory were
considered, but no clear reason was identified to explain
this increase. This raised questions regarding the possible
dynamics of the decay of LA-MRSA; perhaps biological
processes such as biofilm formation could have affected
the observed viable counts at this time point. The reason
for the increased counts remains open and additional
studies would be needed to identify whether this phe-
nomenon recurs.

This study did not look into the differences in biofilm
formations on different surface materials, but bacterial
biofilms are known to be more resilient to environmen-
tal challenges than planktonic cells [32]. According to
a study by Lee et al. [33], S. aureus had a higher level of
biofilm formation on hydrophilic surfaces (e.g., stainless
steel) than on hydrophobic surfaces (e.g., polypropyl-
ene plastic), but the formation increased on hydropho-
bic surfaces when 1% glucose was supplemented to the
growth media. The authors also concluded that the abil-
ity to form biofilms varied between the different S. aureus
strains. This contrast between hydrophilic and hydropho-
bic surfaces was not observed in the current study, but
the results are not directly comparable. It remains uncer-
tain what kind of combined effect the different surface
material properties, the LA-MRSA CC398 strains and
the BHI broth had on the survival of the bacteria or how
much biofilm was formed on the different materials. As
the BHI broth was not washed from the bacteria before
contaminating the materials, the nutrients of the broth
would likely have supported the survival of the bacteria.
However, conserving the BHI broth when contaminating
the samples was seen as justified, as it was regarded to
be more analogous to conditions where bacteria are shed
to the environment together with organic material, such
as skin cells or secretions, than it would have been if the
suspension had not had any nutrients.

Conclusions

The survival of LA-MRSA in the pig farm environment
may be different on different surface materials in the
farm. LA-MRSA survives longer on polypropylene plas-
tic than on stainless steel or concrete mixture. Concrete
seems to be an unfavourable material for LA-MRSA but
further research is needed to determine half-life on con-
crete surfaces. The findings highlight the importance of
bacterial contamination of the environment for on-farm
persistence of LA-MRSA and the relevance of effective
cleaning and disinfection routines for mitigating spread.
Additionally, the data presented can help to improve the
input parameters of LA-MRSA models.
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