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Summary

Resumen - Estudio preliminar del efecto
del lavado de hembras, como se realiza en
la granja, en el estatus en piel y la diversidad de cepas de Staphylococcus aureus
resistente a la metacilina asociado con la
producción animal

Résumé - Étude préliminaire de l’effet du
lavage des truies effectué à la ferme sur
le statut cutané de Staphylococcus aureus
résistant à la méthicilline associé aux
animaux de production et la diversité des
souches

El lavado de hembras (n = 12 por hato) en
cuatro granjas porcinas Belgas positivas a
Staphylococcus aureus resistente a la metacilina
(MRSA por sus siglas en inglés) no tuvo un
efecto significativo en el estatus de MRSA en
la piel de la hembra (P = .32) o narinas
(P = 1.00). En 64% de los casos, se detectó la
misma cepa antes y después del lavado.

Le lavage des truies (n = 12 par troupeau)
sur quatre fermes porcines belges positives
pour la présence de Staphylococcus aureus
résistant à la méthicilline (MRSA) n’avait
aucun effet significatif sur le statut MRSA de
la peau des truies (P = .32) ou des narines
(P = 1.00). Dans 64% des cas, la même
souche a été détectée avant et après le lavage.

On infected sow farms, piglets are likely to
be infected with LA-MRSA after contact
with the sows, the environment, other
piglets, and animal-care attendants.4 The
sow’s MRSA status at farrowing significantly
affects the piglet’s MRSA status.5 Therefore,
a reduction in the proportion of MRSA-positive sows may reduce or postpone MRSA
transmission to the piglets. At present, little
is known about the effect of hygienic practices on the prevalence of MRSA in sows. In
the Council Directive 2008/120/EC of the
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European Union,6 it is stated that pregnant
sows and gilts must be thoroughly cleaned
when placed in farrowing crates, which
results in a clean sow that can be housed in
the cleaned farrowing barn. In Belgium, sow
washing is a commonly used biosecurity
measure on farrow-to-finish farms before
sows enter the farrowing barn or upon entry
(Animal Health Care Flanders, Drongen,
Belgium; oral communication, 2013). During
the present study, the sow-washing procedures of four farms were studied, with the aim
first to determine the effect of sow washing
before or upon entering the farrowing barn
on the presence of MRSA on the sow’s skin,
and second, to study the MRSA strains carried by the sows before and after washing.
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Materials and methods

Washing sows (n = 12 per herd) on four
Belgian pig farms positive for methicillinresistant Staphylococcus aureus (MRSA) had
no significant effect on MRSA status of the
sow’s skin (P = .32) or nares (P = 1.00). In
64% of cases, the same strain was detected
before and after washing.
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n 2005, a new methicillin-resistant
Staphylococcus aureus (MRSA) type was
isolated from swine and swine farmers.1
This livestock-associated MRSA (LA-MRSA)
is now found almost worldwide in livestock,
most often in swine.2 In general, colonized
animals show no signs of disease, but are considered a potential source of MRSA for the
human population.3 In Europe, multilocus
sequence typing has shown that the majority
of LA-MRSA strains belong to clonal complex 398 ( CC398).2

MV, MH, GR: Institute for Agricultural and Fisheries Research, Technology and Food Science Unit,
Melle, Belgium.

IDM: Catholic University College of Southwest-Flanders, Health Care Department, Roeselare,
Belgium.
Corresponding author: Dr Marijke Verhegghe, Institute for Agricultural and Fisheries Research
(ILVO), Technology and Food Science Unit, Food Safety Research Area, Brusselsesteenweg 370,
9090 Melle, Belgium; Tel: +32 272 30 89; Fax: +32 272 30 01; E-mail: M arijke.Verhegghe@ilvo.
vlaanderen.be.
This article is available online at http://www.aasv.org/shap.html.
Verhegghe M, Crombé F, De Man I, et al. Preliminary study of the effect of sow washing, as performed
on the farm, on livestock-associated methicillin-resistant Staphylococcus aureus skin status and strain
diversity. J Swine Health Prod. 2013;21(6):313–318.
Journal of Swine Health and Production — Volume 21, Number 6

As sampled animals were not harmed, and
according to the European Convention
for the Protection of Vertebrate Animals
used for Experimental and Other Scientific
Purposes ETS 123,7 no animal utilization
protocol was needed.
To select the four farms for the study, 30 pig
farms were screened for MRSA between
March and June, 2009.8 Those included were
farrow-to-finish farms located in Flanders
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that had MRSA-positive swine. The present
study was performed between July 2009
and December 2010. Farms were screened
by nasal sampling 10 swine on each farm
using a single swab pre-moistened with
salt-enriched nutrient broth. Swabs were
processed as described for study s amples.
Before the sows were washed, the farrowing
barn was cleaned with water under high
pressure after manually removing the dirt.
On Farms A and B, sows were washed one
at a time in the gestation barn, and then
walked to the farrowing barn (approximately
30 m). On Farms C and D, sows were first
transported to the farrowing barn where
they were washed. Sow washing consisted
of three steps (Figure 1). Briefly, sows were
sprayed with water and a cleaning product
was applied. On Farms A and B, the same
brush was used to manually apply the product, whereas on Farms C and D, the product
was applied with high pressure. The cleaning
products, manufacturers, and active elements are described in Table 1. As a last step,
the sows were rinsed with w
 ater.
On each farm, a sow group consisted of 36
animals. A total of 48 sows, including 12 of the
36 sows in a group on each farm, were sampled
in the nasal cavity (both nares) and the skin of
the back before and after washing (within 30
minutes). The nares were sampled to determine
the general MRSA status of the sow, whereas
the back skin was sampled to determine the
effect of washing the sow. None of the owners
were willing to leave a group of sows unwashed,
so no control group could be sampled. A
single pre-moistened swab was used to sample
both nares. The swab was moistened with 3
mL of Mueller-Hinton broth (MHB; Oxoid,
Basingstoke, United Kingdom), salt-enriched
with 6.5% weight per volume sodium chloride
(Merck, Darmstadt, Germany). One hundred
cm² of a defined area of back skin (10 cm
cranial to the tail in the middle of the back) was
swabbed with a premoistened sponge (7 mL
salt-enriched MHB added to the sponge) held
in a sterilized frame (100 cm²). All samples
were processed within 2 to 3 hours after sampling. The sponge samples were placed in sterile bags, and salt-enriched MHB was added to
provide a 10-1 dilution. The bags containing

the sponges were agitated and a tenfold dilution series was made with the salt-enriched
broth to dilution 10-3. The enrichment broth
dilutions and swabs were incubated at 37°C
for 18 to 20 hours. One loopful of each dilution of enrichment broth was plated onto a
chromogenic selective medium for MRSA
314

Figure 1: Schematic overview of the sow-washing procedures used on four Belgian farrow-to-finish farms positive for methicillin-resistant Staphylococcus aureus.
Information about the cleaning products used is presented in Table 1. On Farm A
and Farm B, the sows were manually washed with the same brush in the gestation
unit and then walked one by one to the farrowing unit. On Farm C and Farm D, the
sows were washed with high pressure in the farrowing unit.
Rinse with water
Farms A and C: 20°C-25°C
Farms B and D: 15°C

Application of cleaning product
Method of application:

Contact time with product:

Farms A and B: manual

5 minutes

Farms C and D: high pressure

15 minutes

Rinse with water
Farms A and C: 20°C-25°C
Farms B and D: 15°C
(Chrom-ID MRSA; BioMerieux, Marcy
l’Etoile, France). One suspect colony was
purified by plating on Chrom-ID MRSA,
and one suspect isolate was stored at -20°C
in brain-heart infusion broth (BHI; Oxoid)
supplemented with glycerol (15% weight
per volume; Fisher Scientific, Leicestershire,
United Kingdom) for further typing.
From each isolate, DNA was extracted
according to Strandén et al9 and then stored
at -20°C until further use. For MRSA
confirmation, an MRSA-specific multiplex
polymerase chain reaction (PCR) was used
as described by Maes et al.10 A PCR specific
for CC398 was performed on the obtained
MRSA isolates.11 From the 91 MRSA
CC398 isolates identified, 40 were arbitrarily
selected. This selection contained four and
seven isolates from Farm A and Farm B,
respectively, and 15 and 14 isolates from Farm
C and Farm D, respectively. These isolates
were spa typed according to the Ridom
StaphType standard procedure (http://
spaserver.ridom.de). Finally, pulsed field
gel electrophoresis (PFGE) was performed
with the use of BstZI (Promega, Madison,
Wisconsin) as a restriction enzyme.12 The
obtained restriction profiles were analyzed
using Bionumerics version 6.5 (Applied

Maths, St-Martens-Latem, Belgium). After
performing the unweighted pair group
method using averages with the Dice coefficient (tolerance 1%, tolerance change 1%,
and optimization 1%), a dendrogram was
obtained. A cutoff value of 97% for delineation of the different pulsotypes was used.
To determine whether sow washing has
an influence on the MRSA status of the
nares and skin, the data were analyzed using
a general estimating equation approach
with the MRSA status of the sow (nares or
skin) as the dependent variable, in which
we accounted that the measurements from
the same sow (before and after washing)
were nested within a given farm and were
correlated with each other. All analysis was
performed in SAS 9.2 (SAS Institute Inc,
Cary, North Carolina), with P values < .05
considered statistically significant.

Results

A summary of the sampling results before
and after washing per farm and per sampling
site is shown in Table 2. Methicillin-resistant
S aureus was isolated before washing from
the nares of 19 of the 48 sows (40%) and
from the skin of 24 sows (50%). After washing, MRSA was found in 19 nasal samples
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Table 1: Characteristics of the products used for washing sows on four Belgian pig farms*
Farm

Product

Manufacturer

Active elements

Volume used

A, C

Mr Clean

Proctor and Gamble
(Strombeek-Bever, Belgium)

Glutaral,
methylisothiazolinone

Few caps/10 L
water

B

Fatsolve

Diversey
(Smithfield, Australia)

Sodium hydroxide,
sodium metasilicate

25 mL/10 L water

D

Livestock shampoo

MS Schippers
(Weelde-statie, Belgium)

Soap, coconut oil

Recommended
concentration

* Farms and washing procedures described in Figure 1.

(40%) and in 29 skin samples (60%). No differences in skin MRSA status before and after
washing were observed in 31 sows. On the
skin of six sows (13%), MRSA was isolated
before, but not after washing. A large heterogeneity in MRSA skin status was observed
between the sow populations of the four
farms. On Farm A, MRSA was infrequently
isolated both before and after washing. On
Farm B, only a small number of samples were
MRSA-positive before washing, but after
washing, all nasal samples and all but two skin
samples were MRSA-positive. On Farm C
and Farm D, most samples were MRSA-positive before and after washing. Differences in
MRSA detection on the skin and in the nares
before and after washing were not significant
(P = .32 and P = 1.00, respectively), with
a numerically greater risk of higher MRSA
isolation after washing. None of the animals
displayed skin irritation after washing.
All but one isolate belonged to CC398.
On Farm A, Farm C, and Farm D, spa type
t011 was found, whereas on Farm B spa
type t034 was dominant, with only one
of the selected isolates belonging to spa
type t011. Pulsed field gel electrophoresis
identified one pulsotype in the four isolates
obtained from Farm A (Figure 2). Two pulsotypes were observed on Farm C and three
on Farm B and Farm D. On each farm, one
pulsotype was predominant. For 64% of
isolates originating from the same location,
the same pulsotype was found before and
after washing. In the majority of tested
sows, the same pulsotype was detected in
both the skin and nasal s amples.

Discussion

Hygienic measures can help to reduce the
general bacterial load of a farm, but little is
known about the effect of such measures
on the MRSA status of farms and animals.
In Belgium, farmers commonly wash sows

before they enter the farrowing barn or upon
entry (Animal Health Care Flanders, Drongen, Belgium; oral communication, 2013).
In a survey questionnaire, sow washing was
not considered a risk factor for the presence
of MRSA on a farm.13 To our knowledge,
this is the first report describing the effect of
sow washing, as performed on the farm, on
the MRSA skin status of the s ow.
Nasal samples were collected to determine
the MRSA status of the sows. Methicillinresistant S aureus is located deep within the
nares and thus is thought to be uninfluenced
by the washing procedure. However, the
presence of MRSA in the nares might
result in recolonization on the sow’s body.
There was no statistically significant effect
of sow washing on the sow’s skin status. We
observed a numeric increase in the number
of MRSA-positive samples after washing. A
first explanation is that none of the washing
procedures appeared sufficient to remove
MRSA from colonized sows. According to
the manufacturers, the active elements of Mr
Clean and Fatsolve should have bacteriostatic or bactericidal activity, but little influence was observed. Since no recommended
concentrations for this use were indicated,
it might be interesting to determine the
concentration that has an effect on a bacterial population (eg, MRSA) in vitro and
subsequently test this concentration in vivo.
However, caution is needed when using high
concentrations of these products, which may
cause skin and eye irritation, according to
their Material Safety Data Sheets. Nevertheless, none of the animals sampled during
the present study displayed skin irritation
at the concentrations used. Control groups
and more farms should be added to subsequent studies to determine the effect of the
individual washing elements in the washing
procedure. If subsequently the effect remains
low, a disinfection step could be added to
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the washing procedure to reduce MRSA.
In humans, a number of antiseptic products
have activity against MRSA (eg, chlorhexidine, octenidine dihydrochloride, and
polyhexanide), which can be evaluated in
swine.14 In human medicine, one hygienic
measure is often insufficient to reduce the
general MRSA load in a hospital.15 So
when considering decontamination of a
farm, additional measures besides disinfection of the sows would most likely be
required, for example, additional disinfection of the barns. However, since MRSA
appears to be widespread throughout a
farm, it might not be feasible to decontaminate a farm.
A second explanation for the numeric
increase in MRSA-positive sows after washing may be situated in the strong bond of
MRSA to corneocytes (terminally differentiated keratinocytes).16 This bond may
have survived the washing process. A third
explanation for the observed results might
be cross-contamination during the washing
process.4 On Farm B, for example, the sows
were soaped manually with the same brush,
possibly causing cross-contamination from
an MRSA-colonized sow to a non-colonized
sow. A fourth explanation might be recolonization of the animals after washing. The
Farm A and Farm B sows walked one at a time
to the farrowing barn after being washed in
the gestation barn, which might have exposed
them to an MRSA-contaminated environment (eg, the walls and floors of the corridor)
or dust. In addition, when sows were being
washed with warm water (Farm A and Farm
C), it was noticed that the air became very
humid. Spraying with water might result in
the formation of aerosols in which MRSA
remains present. When the animals stay in
the unit, subsequent recolonization of the
animals may occur. However, this hypothesis
must be a ssessed.
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Table 2: Overview of the methicillin-resistant Staphylococcus aureus (MRSA)-status combinations obtained after nasal and skin
samples were collected from 12 sows on four Belgian farrow-to-finish farms (A, B, C, and D) before and after washing sows*
MRSA status
Nares
Before

No. of sows per farm

Skin
After

Before

After

A

B

C

D

Total

Neg

Neg

Neg

Neg

8

2

0

0

10

Neg

Neg

Neg

Pos

2

6

1

0

9

Neg

Neg

Pos

Neg

1

0

0

1

2

Neg

Neg

Pos

Pos

0

2

0

2

4

Neg

Pos

Neg

Neg

1

0

0

0

1

Neg

Pos

Neg

Pos

0

1

0

0

1

Neg

Pos

Pos

Pos

0

1

0

1

2

Pos

Pos

Pos

Pos

0

0

5

5

10

Pos

Pos

Pos

Neg

0

0

2

2

4

Pos

Pos

Neg

Pos

0

0

1

0

1

Pos

Neg

Neg

Neg

0

0

2

0

2

Pos

Neg

Pos

Pos

0

0

1

1

2

12

12

12

12

48

Total

* Washing protocols described in Figure 1 and Table 1. The nares were sampled with a premoistened swab, and the back skin (10 cm cranial
to the tail) with a premoistened sponge. The MRSA status of a sample was determined using a chromogenic medium for MRSA and
afterwards an MRSA-specific confirmation polymerase chain reaction test.
Before = sampling for detection of MRSA before the sow was washed; After = sampling for detection of MRSA after the sow was washed;
Neg = negative; Pos = positive.

All but one of the retrieved isolates belonged
to CC398, which confirms the presence of
LA-MRSA on these farms. Methicilllinresistant S aureus CC398 is considered
clonal, in agreement with the findings in the
present study, where only one or two related
spa types appeared present on a farm.5
In half of the sows, sow washing did not
affect strain carriership: one MRSA strain
remained throughout the procedure on each
farm, which could be an indication of strain
dominance as reported by Verhegghe et al.5
However, the remaining half of the sows carried different but related pulsotypes before
and after washing. It is possible that sows
carried multiple strains or that the dominant
strains were replaced by others after washing.
Since only one suspect colony per sampling
event was tested by PFGE, this hypothesis
still needs investigation. Therefore, the influence of sow washing on MRSA carriership
could not be determined.
According to Council Directive 2008/120/
EC, each farmer should clean his sows upon
placing them in farrowing crates. However,
in the present study, it appeared that sow
washing had no effect on LA-MRSA status.
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On the contrary, a slight increase in MRSA
isolation was observed. While this is a very
small study, this result may imply that sow
washing contributes to MRSA spread within
a farm. The possibility exists that, in countries such as Belgium, where sow washing
is often used, this measure contributes to
the high prevalence of LA-MRSA. In lowprevalence countries, such as Denmark, sow
washing is not a commonly used practice
(Animal Health Care Flanders, Drongen,
Belgium; oral communication, 2013).
In conclusion, this study describes the way
sow washing was performed on four Belgian
farms. This procedure did not reduce MRSA
on the sow’s skin. An investigation is recommended to create an efficient and easy-to-use
method to reduce the MRSA load of sows
upon entry into the farrowing barn.

Implications

• Under the conditions of this preliminary
study, sow washing does not reduce the
presence of MRSA on the sow’s s kin.
• The slight increase in MRSA isolation after washing may imply that sow

washing encourages MRSA persistence
within a farm.
• Since many differences in the washing
procedure were observed among the
four farms, further research is needed
to improve and standardize the sowwashing procedure to reduce MRSA
colonization.
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