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Abstract
Background

The Norwegian LA-MRSA surveillance and control strategy in pig farms has been largely successful in
preventing the establishment of MRSA in the pig population by identifying MRSA positive pig herds and
eradicating MRSA from these. It can, however, be challenging to determine whether a particular type of
MRSA is livestock-associated, particularly in cases where there is little evidence available to aid in
classi�cation.

Case presentation

In two Norwegian pig farms linked by trade of live pigs, MRSA CC7 t091 was found in samples from pigs
and their environment. Longitudinal sampling, with a time interval of 25 days, in one farm demonstrated
an increase in samples positive for MRSA CC7 t091, supporting a classi�cation of the �nding as livestock
associated. Measures to eradicate MRSA from both farms were imposed by the National Food Safety
Authority. Different measures of MRSA sanitation were applied in the two farms, and MRSA was
successfully eradicated from both farms.

Conclusions

A high-cost, labor intensive and a lower-cost, less labor intensive MRSA eradication protocol, both
including total depopulation and repopulation were successful in eradicating MRSA CC7 t091 from two
case farms.

Background
Staphylococcus aureus (SA) is a bacterial species with a wide range of hosts and is a signi�cant
pathogen in humans and animals in addition to being a commensal bacteria (1, 2). Infections caused by
methicillin resistant SA (MRSA) are complicated in terms of limited treatment options due to
antimicrobial resistance (3). The epidemiology of MRSA includes livestock-association MRSA (LA-MRSA),
with initial reports from the Netherlands (4) and France (5) in 2005 and a subsequent study indicating
high prevalence in many European pig populations (6). LA-MRSA belonging to the clonal complex (CC)
398 has been the most widely detected LA-MRSA from livestock in Europe, particularly pig populations (7,
8). Later other genotypes (CCs) have been added as potential LA-MRSAs (9). Zoonotic transmission of
LA-MRSA between animals and humans, and the disease-causing potential of LA-MRSA in humans is
well documented (10–14).

In countries with low prevalence of MRSA in humans such as the Netherlands and Denmark, working with
pigs is classi�ed as a risk-criteria, prompting screening for MRSA upon admission to hospitals (15, 16). In
Norway however, an extensive surveillance and control strategy has been adopted since 2014 with
population-wide screening for MRSA and measures imposed to eradicate LA-MRSA upon detection in pig
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herds (17, 18). In humans, detection of MRSA is noti�able to the Norwegian Surveillance System for
Communicable Diseases (MSIS), and detection of LA-MRSA in animals is noti�able to the Norwegian
Food Safety Authority (NFSA).

In 2019 there were 2882 pig herds in Norway, 1052 holdings with sows and 1830 specialized �nisher pig
herds producing a total of approx. 1.63 million pigs for slaughter. During the same year the average
number of sows per sow farms was 115 and the average number of weaned pigs per sow and year was
27.9 (19).

Import of live pigs to the commercial pig population in Norway is negligible (20), and previous studies
have indicated introduction through MRSA positive persons as the major route of introduction of MRSA
to Norwegian pig herds (21, 22). This has led to o�cial regulations aimed at preventing human
introductions through screening of persons meeting de�ned risk criteria and requirements for
strengthened biosecurity measures in pig farms including use of personal protective equipment (PPE)
(23). Although LA-MRSA CC398 has been the most prevalent genotype detected in Norwegian pig herds
(17), other genotypes have also been detected with comparable inter-herd transmission (22). Hence,
Norway has adopted an epidemiological de�nition of LA-MRSA including all MRSA that persist and
spread between animals in livestock holdings, not strictly limiting measures imposed to detection of
certain genotypes (24).

The Norwegian LA-MRSA surveillance and control strategy in pig farms has been largely successful in
identifying MRSA positive pig herds and eradicating MRSA from these. Previous studies have not found
evidence of dissemination of LA-MRSA from Norwegian pig herds to the general population or the health-
care sector, but has demonstrated transmission to persons occupationally exposed similar to that having
been reported from other countries (11–13, 25–29).

The aim of this case report is to describe the �ndings of MRSA CC7 t091 in two pig farms linked by trade
of live pigs in Norway, and the measures taken to follow up and successfully eradicate MRSA from these
farms.

Case Presentation
Basic information about the farms and their contacts was compiled by the NFSA during initial outbreak
investigations. In addition, farm visits were made, and the herd-speci�c eradication plans were reviewed
and discussed with the farmers. The farm veterinarian was interviewed on the phone about the health
status of the pigs.

Farm A was a multiplier breeding herd. It ran a 7-, 7- and 8-weeks batch system based on a sow cycle of
22 weeks (116 days gestation 33 days lactation and 5 days from weaning to insemination). Every batch
comprised 32 sows and their offspring. The farm self-recruited Norwegian Landrace maternal breeding
line as the basis for their production of Topigs Norsvin 70 (TN70) hybrid gilts. All breeding was done by
arti�cial insemination using fresh semen purchased from Norsvin. Gilts were sold as replacement stock
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to the central unit of a sow pool system, and the remaining growers were sold to a single �nisher farm at
an age of 10 to 12 weeks.

Farm B was a �nisher pig herd that bought grower pigs from farm A. Farm B has three rooms each
containing 15 pens with space allowance for thirteen to �fteen pigs, altogether 195 to 225 �nisher pigs
per room. The farm ran an all in - all out operation on room level, sending pigs for slaughter thirteen to
fourteen weeks after arrival. Following the batch system of farm A, they �lled an empty and clean room
with pigs every seven to eight weeks.

According to herd health records, both farms had low use of antimicrobials, with treatments only initiated
on medical indication and administered as individual pig treatments. In farm A, on average 2 sows/batch
(6%) were treated for PPDS (mainly injectable non-steroidal anti-in�ammatory drugs (NSAIDs)), and 8%
of suckling piglets were treated for infectious arthritis (using IM injections benzyl penicillin procaine
60 mg/kg q 24 h for 3–7 days). Neonatal piglet diarrhea occurred on average in some to all piglets in one
litter/batch, and affected animals were treated (using per os 60 mg/kg neomycin mixture q 24 h for 3
days). In farm B, 1–2% of the �nishing pigs were treated for infectious arthritis or tail lesions (using IM
injections of benzyl penicillin procaine 40 mg/kg q 24 h for 3–5 days or amoxicillin 7 mg/kg q 24 h for
3–5 days). Antibacterials (including zinc oxide) were not used prophylactically in either farm.

Based on noti�cation to the NFSA of detection of MRSA in persons with contact to live pigs in the sow
pool system, a wider follow-up testing of all pig farms in the sow pool system was initiated. This also
included sampling the supplying multiplier breeding herd (farm A). As a multiplier breeding herd, farm A
was scheduled for bi-annual MRSA testing in the surveillance program (30) with the earliest sample
collection due in April, however this was rescheduled to January as a part of the contact tracing.

The initial sample collection in herd A included 5 swab cloths; three pooled swab cloths from pigs and
two pooled swab cloths from the environment. The sampling, submission and bacteriological analysis
including veri�cation of MRSA and typing was performed as previously described (21). MRSA CC7 t091
was detected in the pooled samples of the environment of the farm and the NFSA put sanctions on the
farm.

Based on the detection of MRSA in environmental samples, further sampling was performed (21)
(Appendix 1) using three sterile swab cloths on the environment and 11 cloths from pigs covering all
three houses containing pigs and the different rooms in each house. MRSA was found in two of the three
environmental samples and in six of the eleven samples from pigs and typing demonstrated MRSA CC7
t091.

To investigate whether MRSA CC7 t091 had the ability to persist and spread in the herd, and as such met
the criteria to be de�ned as LA-MRSA, herd A was resampled two times with an interval of 25 days. Sixty-
eight pooled cloth samples were collected, of which 61 were pooled skin swabs of approximately 10–20
pigs per cloth and seven were pooled environmental samples with approx. 15 contact points per swab
cloth. Four additional cloth samples were taken in the last sample collection: three from animals in
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previously unsampled groups of pigs and one from the environment. The number of MRSA positive
samples was higher in the second round of sampling (Table 1).

Table 1
Results of longitudinal MRSA-sampling of pigs in a Norwegian pig herd (case farm A) sampled with an

interval of 25 days.

  Number
of
samples
from
pigs

Number of
samples
from the
environment

Number
(percent) of
MRSA positive
samples from
pigs

Number (percent)
MRSA positive
samples from the
environment

Number
(percent)
MRSA
positive
samples in
total

First sampling 61 7 23 (38%) 2 (29%) 25 (37%)

Second sampling
original sample
size

61 7 29 (48%) 3 (43%) 32 (47%)

Second sampling
original sample
size plus four
new samples

64 8 32 (50%) 3 (38%) 35 (49%)

Based on the high prevalence of positive samples and the numeric increase in prevalence from the �rst to
second comparable sampling in farm A, it was concluded that the MRSA CC7 t091 was livestock
associated.

Farm B was sampled as a part of the contact tracing after the MRSA �ndings in the case multiplier herd
from where it bought its grower pigs. A total of 15 pooled cloth samples from the skin of the pigs and 3
pooled cloths from the environment were collected. MRSA was detected in 4 (27%) of the pooled skin
samples. Further typing demonstrated MRSA CC7 t091.

According to the control policy for LA-MRSA in pig farms in Norway, the NFSA then imposed measures to
eradicate MRSA CC7 t091 in both case farms.

According to the national LA-MRSA guidelines (18), the farmers had to develop detailed plans for
depopulation and subsequent measures to eradicate MRSA from the farm environment within two
months of detection of MRSA. The farm-speci�c plans had to be compliant with the o�cial LA-MRSA
Guidelines (18) and approved by the NFSA. Veterinary swine health consultants employed by the
slaughterhouse assisted the farmers in making these plans.

The plans made and the measures taken to eradicate the MRSA were different in the two farms (Table 2).
The measures taken in farm A was based on removing, discharging and renewing all internal surfaces of
the pig houses. In farm B the pig house was washed and disinfected as it was. The oldest of three houses
containing pigs in farm A was emptied, washed and then demolished.
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Table 2
Measures taken to eradicate MRSA in two Norwegian pig herds.

Measures taken to eradicate MRSA on farm level Farm
A

Farm
B

Depopulation. All pigs slaughtered or culled. X X

Functional pest control programs running X X

The manure was collected by a local entrepreneur and applied on nearby �elds
before it was incorporated in the topsoil using plough and/or harrow. Tractors and
equipment used for this work was washed and disinfected after the work on the
case farms.

X X

Miscellaneous, like tools, manure scrapes, boots, piglet creep heat lamps, boxes and
cans, was removed from all rooms and discarded.

X  

Miscellaneous were removed from all rooms and washed and disinfected. Boots
and manure scrapes were discarded.

  X

Rooms were �rst soaked in water and then washed using water high-pressure
washers to remove most of visible dirt from the �oors, inventory, walls and ceilings.

X X

Detergent was applied to all surfaces and high-pressure washers was again used to
remove the rest of the visible dirt.

X X

Internal surfaces were rinsed off with water and standing water in puddles, troughs
and manure canals was drained.

X X

Rooms were left to dry. If low temperatures and/or high humidity prolonged the time
needed for drying, extra heat sources was used to dry the rooms more effectively.

X X

All interior dismantled and discarded

-Pen walls

-Piglet creeps

-Troughs

-Feeding system

-Water supply

-Smoke detecting system

-Slatted �oors

-Ventilation system

-Indoor roofs with its insulation

X  

The plastic, one-piece pen divider walls were dismantled, and the bottom of the
walls were �lled in with acryl to prevent organic matter to build up inside the walls.

  X

All rooms washed a second time X X

Repaired pen walls were reinstalled   X
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Measures taken to eradicate MRSA on farm level Farm
A

Farm
B

New roofs and all new inventory/interior installed X  

All rooms washed a third time X X

All surfaces disinfected using the commercial disinfectant Virocid® according to the
manufacturer’s instructions

X X

All rooms were disinfected using mobile fogging units dispersing a 1,5% Virocid®
solution

X X

The NFSA inspected the premises after the LA-MRSA eradication plan had been effectuated (Fig. 1).
Before restocking the farms, the environmental samples had to be MRSA negative and the NFSA had to
approve the cleanliness of the farm.

The NFSA did not approve the cleanliness of farm B after inspection during week 29, especially noting a
problem with organic matter seeping out from under the pen walls. This led to additional dismantling of
the pen walls in farm B (Table 2). Also, during a second inspection by the NFSA in week 42, restocking
was not allowed based on the �nding of unsatisfactory general cleanliness. The extra rounds of washing
imposed on farm B are shown in Table 2.

In farm A, pig house one was cleared for restocking in week 130 and house two in week 140. The
restocking had to be from a NFSA approved MRSA negative pig farm. The negative MRSA test result on
week 150, 12 weeks after the introduction of new pigs in farm A, was needed to be allowed to sell growers
to NFSA approved �nisher pig farms.

The post-eradication sample results for both case farms are shown in Table 3.

Table 3
Timeline and number of negative MRSA samples from the environment and pigs in two

Norwegian pig herds after completing MRSA eradication.
Timeline weeks 29 55 72 130 140 150 162 176

Farm A environment/pigs       13/0 9/0 3/17 4/14 2/15

Farm B environment/pigs 18/0 21/0 13/10          

The direct costs of the measures taken to eradicate MRSA from farm A was 10.8 million Norwegian
Crowns (NOK) (approx. 1 mill EUR) and a 100.000 NOK (approx. 10.000 EUR) in farm B. The loss of
revenue from pig production and the cost of purchasing replacement stock was not included in these
costs.

Discussion And Conclusions
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The Norwegian surveillance and control policy of LA-MRSA in the pig population is based on a
socioeconomic analysis showing an economic bene�t when compared to estimated costs in the human
health-care sector, given a low incidence rate of LA-MRSA in Norwegian pig herds (31).

The MRSA CC7 t091 detected in the case herds was concluded to meet the epidemiological criteria for
livestock-association, and the measures imposed were in accordance with national policies for LA-
MRSAs.

It can be challenging to determine whether a particular type of MRSA is livestock-associated, particularly
in cases where there is little evidence published to aid in classi�cation. In such cases, the Norwegian
policy dictates an epidemiological de�nition where evidence of between-animal transmission and
persistence is sought through repeated sampling. In a previously published paper, repeated sampling
after detection of MRSA CC8 t008 in a pig herd indicated very limited within-herd transmission and only
focal measures with partial depopulation, washing and disinfection was adequate in eradicating MRSA
from that farm (32). One limitation of the present case report is the limited time for follow-up sampling to
conclude MRSA CC7 t091 as a LA-MRSA. In any Norwegian sow farm running a seven-week batch
system like farm A, the maximum time at hand to decide whether to impose LA-MRSA eradication
measures or not, will be approximately 5–6 weeks because the restrictions imposed on movement of
animal movement results in rapid overstocking beyond this time. A farmer will not receive any
compensation for pigs culled until the NFSA imposes measures to eradicate MRSA, which will not occur
before the speci�c genotype of MRSA has been concluded to be livestock-associated. In this case, the
NFSA allowed farm A to sell growers to the already MRSA positive farm B. This allowed for the 25 days’
time interval necessary to conduct a longitudinal repeated sampling scheme for farm A.

According to the LA-MRSA Guidelines (18) pig depopulation must be concluded within eight weeks after
�ndings of LA-MRSA in a pig farm. The above NFSA allowance and farmer B’s acceptance to buy the rest
of the MRSA positive growers and slaughter them at normal �nisher pig weights, explains the 20 weeks
from MRSA �ndings to depopulation in farm B. Farmer B normally used and continued to use PPE in his
pig house during this period.

The potential consequences of a failure to act or an unsuccessful eradication of MRSA in farm A was
higher than in the specialized �nisher farm B, given the risk of further dissemination of MRSA to farms
buying breeding stock or growers from farm A. Farm B had a newer pig barn and the farm owner was
motivated for an eradication relying solely on washing and disinfection. This led to differentiated
measures to eradicate MRSA from the environment in these two farms, with far more extensive measures
applied for farm A.

The sample requirements to lift the NFSA restrictions were more extensive in farm A than in farm B, and
this is in line with the national guidelines given that farm A was a multiplier herd and farm B was a
�nisher farm. After the restrictions were lifted both farms were included in the national LA-MRSA
surveillance and control program (17).
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High-cost MRSA eradications in pig farms puts a heavy economic burden on the farmers as the farmers
co-payment for the eradication is proportional to the total cost of the measures imposed.

To maintain a robust strategy, it is important that the eradication programs are e�cient both in terms of
successful eradication of LA-MRSA on farm level while maintaining a cost effectiveness.

In the present case report, a high-cost, labor intensive and a lower-cost, less labor-intensive MRSA
eradication program, both based on depopulation and repopulation were successful in eradicating MRSA
CC7 t091 from both case farms.

Abbreviations
Staphylococcus aureus - SA

Methicillin resistant Staphylococcus aureus – MRSA

Livestock associated MRSA – LA-MRSA

Clonal complex – CC

spa-type - t

Norwegian Surveillance System for Communicable Diseases - MSIS

Norwegian Food Safety Authority – NFSA

Personal protective equipment - PPE

Topigs Norsvin 70 - TN70

Post-partum dysgalactiae syndrome – PPDS

Non-steroidal anti-in�ammatory drugs – NSAIDs

Intramuscular – IM

international units – IU

Zinc oxide – ZnO

Mg – milligram

Kg – kilo

Q – every

H - hours



Page 10/14

Declarations
Ethics approval and consent to participate

The farmers gave their informed consent to participate.

Consent for publication

The farmers gave their informed consent to publish the results from the analyses of samples and
measures taken from their farms.

Availability of data and material

The data generated for the current case report are kept and stored by the corresponding author. The data
are available from the corresponding author on reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

Not applicable

Authors contributions

OMK drafted the manuscript. OMK participated in the making of the eradication plan for farm A and
collected data on the farm speci�c eradication plans through herd visits and telephone interviews. KS
performed the herd visits and performed the sample collection. CAG advised the NFSA on the outbreak
investigations and follow-up sampling, compiled results from sample analysis and helped draft and
revise the manuscript. All authors read and approved the �nal manuscript.

Acknowledgements

The Authors wish to acknowledge both farmers on farm A and B for their willingness and patience in
interviews on farm visits and on the phone. We thank Terje Nilsen, and Audun Skomsøy as local
facilitators for the farmers and OMK in Nortura. We thank NFSA for all the samples collected and audits
made. We thank the reference laboratory for MRSA in animals at the Norwegian Veterinarian Institute in
Oslo for sample analysis and the reference laboratory for MRSA in humans at St. Olavs Hospital in
Trondheim for further analysis of isolates including typing.

Authors’ information (optional)

References



Page 11/14

1. Matuszewska M, Murray GGR, Harrison EM, Holmes MA, Weinert LA. The Evolutionary Genomics of
Host Speci�city in Staphylococcus aureus. Trends Microbiol [Internet]. 2020;28(6):465–77. Available
from: https://doi.org/10.1016/j.tim.2019.12.007

2. Lowy FD. Staphylococcus aureus infections. N Engl J Med [Internet]. 1998 Aug 20 [cited 2014 Jul
16];339(8):520–32. Available from: http://www.ncbi.nlm.nih.gov/pubmed/9709046

3. Hartman BJ, Tomasz A. Low-a�nity penicillin-binding protein associated with β-lactam resistance in
Staphylococcus aureus. J Bacteriol. 1984;158(2):513–6.

4. Voss A, Loeffen F, Bakker J, Klaassen C, Wulf M. Methicillin-resistant Staphylococcus aureus in pig
farming. Emerg Infect Dis [Internet]. 2005 Dec 1 [cited 2013 Dec 15];11(12):1965–6. Available from:
http://europepmc.org/articles/PMC3367632/?report=abstract

5. Armand-Lefevre L, Ruimy R, Andremont A. Clonal comparison of Staphylococcus aureus isolates
from healthy pig farmers, human controls, and pigs. Emerg Infect Dis [Internet]. 2005 May [cited
2014 Aug 8];11(5):711–4. Available from: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3320358&tool=pmcentrez&rendertype=abstract

�. Authority EFS. Analysis of the baseline survey on the prevalence of methicillin-resistant
Staphylococcus aureus (MRSA) in holdings with breeding pigs, in the EU, 2008 [1] - Part A: MRSA
prevalence estimates. EFSA J 2009 [Internet]. 2009 Nov 24 [cited 2014 Jun 15];7(11). Available from:
http://www.efsa.europa.eu/en/efsajournal/pub/1376.htm

7. Cuny C, Friedrich A, Kozytska S. Emergence of methicillin-resistant< i> Staphylococcus aureus</i>
(MRSA) in different animal species. Int J … [Internet]. 2010 [cited 2013 Dec 17]; Available from:
http://www.sciencedirect.com/science/article/pii/S1438422109001313

�. Verkade E, Kluytmans J. Livestock-associated Staphylococcus aureus CC398: Animal reservoirs and
human infections. Infect Genet Evol. 2014;21:523–30.

9. Butaye P, Argudín MA, Smith TC. Livestock-Associated MRSA and Its Current Evolution. Curr Clin
Microbiol Reports [Internet]. 2016 Feb 18 [cited 2017 Feb 14];3(1):19–31. Available from:
http://link.springer.com/10.1007/s40588-016-0031-9

10. van Cleef BAGL, Monnet DL, Voss A, Krziwanek K, Allerberger F, Struelens M, et al.
Livestockassociated methicillin- resistant staphylococcus aureus in humans, Europe. Emerg Infect
Dis. 2011;17(3):502–5.

11. Köck R, Schaumburg F, Mellmann A, Köksal M, Jurke A, Becker K, et al. Livestock-Associated
Methicillin-Resistant Staphylococcus aureus (MRSA) as Causes of Human Infection and
Colonization in Germany. PLoS One. 2013;8(2).

12. Larsen J, Petersen A, Sørum M, Stegger M, van Alphen L, Valentiner-Branth P, et al. Meticillin-resistant
Staphylococcus aureus CC398 is an increasing cause of disease in people with no livestock contact
in Denmark, 1999 to 2011. Euro Surveill [Internet]. 2015 [cited 2015 Sep 30];20(37):1–9. Available
from: http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=21245

13. Larsen J, Petersen A, Larsen AR, Sieber RN, Stegger M, Koch A, et al. Emergence of Livestock-
Associated Methicillin-Resistant Staphylococcus aureus Bloodstream Infections in Denmark. Clin



Page 12/14

Infect Dis. 2017;65(7):1072–6.

14. Sieber RN, Larsen AR, Urth TR, Iversen S, Møller CH, Skov RL, et al. Genome investigations show host
adaptation and transmission of LA-MRSA CC398 from pigs into Danish healthcare institutions. Sci
Rep. 2019;9(1):1–10.

15. van de Sande-Bruinsma N, Leverstein van Hall MA, Janssen M, Nagtzaam N, Leenders S, de Greeff
SC, et al. Impact of livestock-associated MRSA in a hospital setting. Antimicrob Resist Infect Control
[Internet]. 2015;4(1):2–7. Available from: ???

1�. Danish Health Authority. Guidance on Preventing the Spread of MRSA [Internet]. December 13. 2016.
ISBN online: 978-87-7104-854-4. Available from: https://www.sst.dk/da/sygdom-og-
behandling/smitsomme-sygdomme/mrsa/~/media/F3F52EC1C6A94C6080F50F435DA02E59.ashx

17. Urdahl AM, Norstrom M, Bergsjø B, Grøntvedt CA. The surveillance programme for methicillin
resistant Staphylococcus aureus in pigs in Norway 2019. Annual report 2020. 2020.

1�. Bremnes H. LA-MRSA Guidelines on how to handle pig farms. the Norwegian Food Safety Authority;
2016.

19. Kjos A, Nafstad O, Odden H, Ruud TA, Saltnes T, Ytterdahl M. Kjøttets tilstand 2020 - Status i norsk
kjøtt- og eggproduksjon. 2020.

20. KOORIMP, KIF. ÅRSMELDING 2019 KOORIMP OG KIF. 2019.

21. Grøntvedt CA, Elstrøm P, Stegger M, Skov RL, Andersen PS, Larssen KW, et al. Methicillin-resistant
Staphylococcus aureus CC398 in humans and pigs in Norway: A “One Health” perspective on
introduction and transmission. Clin Infect Dis [Internet]. 2016 [cited 2020 Jun 11];63(11):1431–8.
Available from: https://academic.oup.com/cid/article/63/11/1431/2526211

22. Elstrøm P, Grøntvedt CA, Gabrielsen C, Stegger M, Angen Ø, Åmdal S, et al. Livestock-Associated
MRSA CC1 in Norway; Introduction to Pig Farms, Zoonotic Transmission, and Eradication. Front
Microbiol [Internet]. 2019 Feb 8 [cited 2020 Jun 11];10(FEB):139. Available from:
https://www.frontiersin.org/article/10.3389/fmicb.2019.00139/full

23. Norwegian Ministry of Agriculture and Food. Forskrift om smitteforebyggende tiltak mot visse
antibiotikaresistente bakterier hos svin. 2018.

24. Regulation on the Norwegian Surveillance System for Communicable Diseases (MSIS) (in
Norwegian). 2020;1–32. Available from: https://lovdata.no/dokument/SF/forskrift/2003-06-20-740?
q=MSIS2003

25. van Cleef BAGL, van Benthem BHB, Verkade EJM, van Rijen MML, Kluytmans-van den Bergh MFQ,
Graveland H, et al. Livestock-Associated MRSA in Household Members of Pig Farmers: Transmission
and Dynamics of Carriage, A Prospective Cohort Study. Butaye P, editor. PLoS One [Internet]. 2015
May 18 [cited 2016 Aug 10];10(5):e0127190. Available from:
http://dx.plos.org/10.1371/journal.pone.0127190

2�. van Cleef BAGL, van Benthem BHB, Verkade EJM, van Rijen M, Kluytmans-van den Bergh MFQ,
Schouls LM, et al. Dynamics of methicillin-resistant Staphylococcus aureus and methicillin-
susceptible Staphylococcus aureus carriage in pig farmers: a prospective cohort study. Clin Microbiol



Page 13/14

Infect [Internet]. 2014 Oct [cited 2016 Aug 10];20(10):O764–71. Available from:
http://linkinghub.elsevier.com/retrieve/pii/S1198743X14654185

27. van Cleef BA, Verkade EJM, Wulf MW, Buiting AG, Voss A, Huijsdens XW, et al. Prevalence of
livestock-associated MRSA in communities with high pig-densities in The Netherlands. PLoS One
[Internet]. 2010 Jan 25 [cited 2014 Jun 10];5(2):e9385. Available from:
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0009385#pone-0009385-g002

2�. Garcia-Graells C, van Cleef BAGL, Larsen J, Denis O, Skov R, Voss A. Dynamic of livestock-associated
methicillin-resistant Staphylococcus aureus CC398 in pig farm households: a pilot study. Smith TC,
editor. PLoS One [Internet]. 2013 Jan [cited 2014 Jun 15];8(5):e65512. Available from:
http://dx.plos.org/10.1371/journal.pone.0065512

29. Köck R, Harlizius J, Bressan N, Laerberg R, Wieler LH, Witte W, et al. Prevalence and molecular
characteristics of methicillin-resistant Staphylococcus aureus (MRSA) among pigs on German farms
and import of livestock-related MRSA into hospitals. Eur J Clin Microbiol Infect Dis [Internet].
2009;28(11):1375–82. Available from: http://ec.europa.eu/comm/eurostat/ramon/nuts

30. Urdahl AM, Norström M, Bergsjø B, Grøntvedt CA. The surveillance programme for methicillin
resistant Staphylococcus aureus in pigs in Norway 2017. Surveill Program Terr Aquat Anim Norway
Annu Rep 2018 [Internet]. 2018; Available from: https://www.vetinst.no/en/surveillance-
programmes/mrsa-in-pigs

31. Kristoffersen AB, Grøntved CA, Tavornpanich S, Elström P, Norström M. Socio-Economic Analysis of
Current Measures to Prevent Spread of Mrsa in Norwegian Pig Holdings. (in Norwegian) [Internet].
2016. Available from: www.vetinst.no/rapporter-og-publikasjoner/rapporter/2016/spredningsmodell-
og-samfunnsokonomisk-analyse-av-tiltak-mot-la-mrsa

32. Sunde M, Tharaldsen H, Marstein L, Haugum M, Norström M, Jacobsen T, et al. Detection of
methicillin-resistant staphylococcus aureus sequence type 8 in pigs, production environment, and
human beings. J Vet Diagnostic Investig [Internet]. 2011 Mar 1 [cited 2020 Aug 27];23(2):348–50.
Available from: http://www.ncbi.nlm.nih.gov/pubmed/21398461

Figures

Figure 1



Page 14/14

Number of weeks from �rst �nding of MRSA to the lifting of the MRSA sanctions and the control and
sampling measures undertaken by the Norwegian Food Safety A

Figure 1

Number of weeks from �rst �nding of MRSA to the lifting of the MRSA sanctions and the control and
sampling measures undertaken by the Norwegian Food Safety A


