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ABSTRACT
Introduction: Livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA) has
emerged among pigs in many countries. MRSA in the pig population constitute a reservoir
with risk for transmission to humans in close contact with pigs. Absence of MRSA in the top of
the breeding pyramid would prevent spread to the rest of the pig population. The aim of this
study was to investigate the occurrence of MRSA in nucleus and multiplying pig herds in
Sweden.
Materials and methods: All nucleus and multiplying pig herds in Sweden present in 2011
(n = 53) and 2014 (n = 39) were sampled for MRSA.
Results and discussion: MRSA was not detected either in 2011 or in 2014. That MRSA was
not detected in the top of the breeding pyramid indicates a favourable MRSA situation in the
Swedish pig population.
Abbreviations:MRSA: methicillin-resistant Staphylococcus aureus; LA-MRSA: livestock-associated
MRSA; CC: clonal complex
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Introduction

Methicillin-resistant Staphylococcus aureus (MRSA) is
resistant to all beta-lactam antibiotics and infections
cannot be treated with antibiotics usually used for
staphylococcal infections. MRSA has long been a pro-
blem in human healthcare but also through transmis-
sion in the community.[1] During the last decade,
livestock-associated MRSA (LA-MRSA) in Europe,
mainly MRSA of clonal complex (CC) 398, has
emerged among pigs in many countries.[2] In
Denmark, the prevalence of LA-MRSA at herd level
was 63% in breeding herds and 68% in slaughter herds
in 2014.[3] In a Norwegian study in 2015, 0.5% of
sampled nucleus, multiplier and finishing herds were
positive for LA-MRSA.[4] Norway has a national strat-
egy including a ‘search-and-destroy’ policy with out-
break investigations, contact tracing, surveillance and
stamping out of positive herds.[5] Typically, pigs carry
MRSA without symptoms, although there are rare
reports of clinical disease.[6] Thus, the main problem
with MRSA in pigs is the risk of spread to humans.
People in close contact with pigs, i.e. pig farmers,
veterinarians, pig transporters and slaughterhouse
workers, are at risk of being colonised.[7] In countries
with low prevalence ofMRSA in humans, a reservoir in
pigs may give a significant contribution to the human
MRSA burden.[8]

Cross breeding is used in pig production with the aim
to increase litter sizes and growth performance. Thus, the
production is shaped like a pyramid, where a few pure
bred nucleus herds produce pure bred animals that are
sold to a few multiplying herds that produce cross bred
sows for production of growers in a large number of
piglet producing herds. Trade of live animals is consid-
ered a risk factor for MRSA in pig populations.[9] Thus,
absence of MRSA in the top of the breeding pyramid
would be a first prerequisite for preventing spread of
MRSA by trade of live animals to the rest of the pig
population. The genetic base for pig production in
Sweden is concentrated to nucleus and multiplying
herds and these herds provide the production herds
with breeding stock. Trade of breeding animals between
production herds is, however, uncommon in Sweden
and import of pigs to Sweden is very limited.
Moreover, imported breeding pigs are quarantined and
tested for MRSA before being introduced to Swedish
herds. Imported semen is also tested for MRSA before
use in Swedish herds. Introduction of MRSA to nucleus
and multiplying herds would lead to a substantial risk of
spread further down in the breeding pyramid. It is there-
fore of importance to have knowledge of the MRSA
situation in herds in the top of the breeding pyramid.
The aim of this study was to investigate the occurrence of
MRSA in nucleus and multiplying pig herds in Sweden.
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Materials and methods

Herds included

All nucleus and multiplying herds present were
sampled in 2011 (n = 53) and in 2014 (n = 39),
meaning that the entire top of the breeding pyramid
was included. The sampling was conducted anon-
ymously, meaning that the results could not be con-
nected to a certain herd. The sampled herds were of
different sizes, ranging from 20 to 100 pens of
weaned pigs per herd and 10 to 100 pigs per pen.

Sampled pigs

Based on studies indicating that the highest MRSA
prevalence is expected to be found in growing pigs
shortly after weaning,[10–12] weaned pigs in the age
group 5–12 weeks were chosen for sampling. Due to
practical and economic reasons, it was decided to
sample six pigs per pen and analyse these samples
as one pooled sample. The intention was to sample
pigs from 15 pens in each herd. In this way 90
weaned pigs per herd would be sampled. Pigs older
than the intended 12 weeks were sampled in one herd
in 2011 and in five herds in 2014, since no pigs
5–12 weeks old were present. In 2011, eight, 14 and
17 pens, respectively, were sampled in three herds. In
2014 only four pens were sampled in one herd.
Altogether, 4734 pigs in 789 pens were sampled in
2011, and 3444 pigs in 574 pens in 2014.

Assumptions

An average herd was assumed to have 50 pens with 25
weaned pigs in the desired age group in each pen based
on information from Farm and Animal Health. It was
assumed that, in a positive herd, 30% of the pens would
be positive (contain colonised pigs) and that 50% of the
pigs in a positive pen would be colonised. The sampling
sensitivity, i.e. the probability that MRSA would be cap-
tured in the swab sample given that the tested pig is
colonised, was assumed to be 50%, the analytical sensi-
tivity to be 50% and risk of decreased sensitivity due to
pooling was not considered. Since exact information was
not available, these estimates were based on expert opi-
nion and they were considered to be conservative.

Sensitivity calculations

The sensitivity for the sampling strategy was calcu-
lated as follows:

The sensitivity on the individual animal level
(SeInfTest) was calculated as:

SeInfTest ¼ a � �b (1)

where a = the sampling sensitivity and b = the
analytical sensitivity.

The sensitivity on the box level (SeBox), was cal-
culated as 1 − A, where A is the probability that there
are no test positive pigs in the box, given the box is
positive.[13]

A ¼ ð1� ðSeIndTest � PoolSize=PigPrBoxÞÞ^
ðPstarAnimal� PoolSizeÞ (2)

where PoolSize = number of samples in the pooled
sample, PigPrBox = number of pigs in the box and
PstarAnimal is the prevalence of MRSA colonised
pigs in the box. The sensitivity on the herd level, i.e.
the probability of getting at least one positive sample
if the herd is positive, was calculated in a similar way.

Given the assumptions and calculations above, and
if 15 pens per herd are sampled, there was a 93%
probability of detecting MRSA if the herd was posi-
tive. This was considered sufficient.

Sample collection and laboratory analyses

Sampling was done by rubbing the skin behind one
ear with a sterile compress. One compress was used
to sample six pigs in each pen. During sampling,
mouth mask and sterile gloves were worn and the
gloves were changed between each pen. After sam-
pling, each compress was put in a sterile plastic jar
and sent to the laboratory by mail.

The samples were pre-enriched in Müller-Hinton
broth with 6.5% NaCl in 37°C for 16–20 h. One ml of
the pre-enrichment was mixed with 9 ml of selective
enrichment of tryptic soy broth with 3.5 mg l–1

cefoxitin and 75 mg l–1 aztreonam and incubated in
37°C for 16–20 h. Ten µl of the selective enrichment
broth were plated on selective agar (Brilliance MRSA,
Oxoid, Wesel, Germany) and 10 µl were plated on
bovine blood agar. Suspected colonies were further
investigated by PCR for detection of the mecA or
mecC genes.

Results and discussion

All samples in the two present studies were nega-
tive for MRSA. Using the present study design the
herd sensitivity is 93%. This means that there is a
7% probability that, given that only one positive
herd is present, MRSA will not be detected.
However, this probability decreases if more herds
are positive. If two or three herds are positive, the
probability of not detecting at least one of them
will decrease to 0.07 (0.5%) and 0.07 (0.03%).
Furthermore, since the design prevalences used
(between and within pen prevalences) and the sam-
pling sensitivity was not known, estimates were
used. These estimates are considered to be conser-
vative to ensure that the sensitivity of the surveil-
lance was not overestimated. However, not taking
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the effect of pooling into account will slightly over-
estimate the sensitivity. As it was considered unli-
kely that only one herd would be positive, the
overall conclusion was that if MRSA was present
in the top of the breeding pyramid, it would most
probably have been detected in these surveys.

MRSA has only been found in pigs in Sweden once
[14] and the preventive measures taken by the industry
have probably contributed to the presumed low preva-
lence. In the present study, all Swedish nucleus and
multiplying pig herds were screened for MRSA in 2011
and 2014, without findings of MRSA. The negative out-
come confirms the results of earlier screening studies in
which MRSA was not found in nasal swabs from fatten-
ing pigs in 100 herds in 2006–2007, or in dust samples
from 202 production and breeding herds in 2008.[15,16]
In 2010, MRSA was detected in one pool of five nasal
swabs from one of 191 sampled fattening herds in an
anonymous study.[17] The absence of MRSA at the top
of the breeding pyramid indicates that Sweden has a
favourable situation concerning MRSA in the pig popu-
lation. However, the situation can easily change and
stringency in biosecurity and control of trade with live
animals are of utmost importance.

In conclusion, Swedish nucleus and multiplying pig
herds were found to be negative for MRSA in both 2011
and 2014.
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