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1. Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) is resistant to all betalactam antibiotics, which includes the antibiotics of choice for treatment of staphylococcal infections. MRSA may colonise animals or humans without the carrier becoming ill but can
also cause severe infections that are difficult to treat. Since its discovery in 1961,
MRSA has become a major infection control problem in hospitals worldwide [1].
In the last decade, livestock-associated MRSA (LA-MRSA) of clonal complex (CC)
398, has become increasingly more common among pigs in several countries [2]. In
most cases, pigs are only carriers without symptoms but constitute a reservoir with risk
of spread to humans. Animal carriage of MRSA may be of great significance in countries with a low prevalence of MRSA in humans [3]. Examples are Denmark, where human incidence of LA-MRSA has increased substantially from 0.8 per 100 000 (42 cases
in the population) in 2009 to 4.2 per 100 000 (232 cases in the population) in 2012 [4],
and the Netherlands, where human incidence was 7.6 per 100 000 in 2011 [5]. In
Sweden the incidence of LA-MRSA in humans has so far been very low, 0.09 per 100
000 in 2013 [6]
In countries where LA-MRSA is widespread among pigs, human carriage is much more
common in persons in contact with live pigs, and their household members, than among
people in the community [7-9]. Some studies suggest that the nosocomial transmission
rate of LA-MRSA is lower than for other types of MRSA [10, 11]. Also, person to
person spread in the community appears to be rare although it cannot be ruled out as
recently discussed [12]. This suggests that LA-MRSA in pigs primarily constitutes a
risk to persons in close contact with the animals. However, in these studies some
important factors related to transmission, e.g. rate of carriers vs clinical infections in the
different groups, rate of risk factors for transmission in the different groups, and the
distribution of the groups regarding type of hospital are lacking. Furthermore, in 2012,
21 percent of LA-MRSA cases in Denmark were persons without known direct or
household contacts with live pigs [4]. Based on this, the results must be interpreted with
caution.
The societal costs of LA-MRSA include costs in human health care related to LAMRSA. In Sweden, findings of MRSA in humans and animals are notifiable [13, 14]. In
humans, the physician is obliged to trace the source of infection and advise the patient
on how to avoid further spread. Persons who know that they carry MRSA shall declare
this when visiting a health care facility. Such patients are managed according to special
recommendations regarding diagnostic tests, precautionary measures, and non-standard
antibiotic treatment. In addition, there may be costs outside the health care sector such
as production losses caused by infections, welfare losses caused by restrictions on the
activities of carriers, pain and anxiety among carriers, and possibly loss of lives.
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For a country free of LA-MRSA in the pig population, implementing measures to prevent its introduction may, therefore, increase societal welfare. The condition is that the
reduction in the LA-MRSA related costs is larger than the costs of the preventive measures themselves [15, 16]. To our knowledge, only one study has been done, in Norway
[17], but no published scientific report is available. Hence, the purpose of the present
paper is to investigate if available data allow an answer under Swedish conditions.
Because LA-MRSA is widespread in pig production, including breeding herds, abroad
[18], the Swedish Farmer’s Disease Control Programme (SDS), after consulting the
Swedish National Veterinary Institute (SVA), has issued recommendations aiming at
preventing introduction of LA-MRSA to the top of the Swedish breeding pyramid. SDS
is a veterinary body founded by the industry to provide advice on biosecurity measures
and recommend additional testing when importing farm animals, semen and embryos, to
Sweden. The advice from SVA implies a quarantine procedure combined with testing
for MRSA by selective bacteriological culture three times for live animals and to take
two environmental samples from the quarantine for testing. It is also advised to test each
batch of imported fresh semen. If MRSA is found, it is advised not to introduce live
animals or semen in the country.
If these preventive measures are successful, fewer persons would be at risk of becoming
colonised than if LA-MRSA was introduced among pigs in Sweden. Accordingly, the
costs related to MRSA would also be lower. On the other hand, following the SVAadvices imply costs for quarantining and testing imported pigs/semen, destruction of
colonised pigs/semen, and lower revenues in pig production due to reduced supply of
genetic material caused by the destruction of pigs/semen.

2. Method and material

In this study it is assumed that the preventive measures are 100 percent effective, that is,
they completely prevent the introduction of LA-MRSA among Swedish pigs. It is
acknowledged that this may be questioned and we return to the issue in the discussion.
Without prevention, the prevalence of LA-MRSA in Swedish pigs is assumed to increase over time and eventually reach some steady state level, approximated by the current prevalence in the Netherlands and Denmark. Human prevalence in the risk group is
likely to be proportional to that in pigs. Hence, it would seem natural to investigate if
the sum of discounted annual benefits of the measures suggested by SVA, eventually,
would cover the sum of their discounted annual costs and how long it would take for
them to do so [15, 16]. However, this requires information on how LA-MRSA is spread
in the pig population and how long it would take to reach steady state. As this is not
available, we analyse if the annual benefits of the suggested measures could be expected
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to cover their annual costs when steady state has been reached. This implies that there is
no need to discount costs and benefits as they occur in the same year.
The societal benefits of the measures are the avoided costs in the Swedish risk group. In
order not to overestimate these costs, the risk group is assumed to consist of persons in
close contacts with pigs only – pig farmers and their employees, slaughterhouse
workers, pig transporters, veterinarians, and their family members – as in the Dutch
guidelines [19]. The prevalence of LA-MRSA in the Dutch and Danish risk groups are
used to approximate the expected human prevalence in the Swedish risk group in steady
state. The analysis is limited to costs in the health care sector as there is not enough
information to estimate the frequency of other events, i.e. restrictions on carrier
activities and deaths from LA-MRSA. Furthermore, it is assumed that the incidence of
infections caused by Staphylococcus aureus (S. aureus) in the Swedish risk group
would remain the same if LA-MRSA were introduced. The societal costs of LA-MRSA
are, therefore, the excess costs that would occur for patients infected by LA-MRSA
compared to patients infected by antibiotic susceptible S.aureus.
The societal costs of the preventive measures suggested by SVA are analysed assuming
imports of live boars from Norway. It is acknowledged that this is a special case and, if
the probability of testing positive for LA-MRSA is higher than that for Norwegian
boars, the costs of the measures will be underestimated.
2.1 Potential cost savings in human health care
Danish guidelines define persons in contact with pigs as a risk group for MRSA in the
Danish health care and specify how to treat persons from the risk group seeking health
care [20]. We assume that a risk group would be defined in the same way by the
Swedish health care if LA-MRSA should become endemic in the pig population. The
events expected to cause costs related to LA-MRSA in human health care are illustrated
in Figure 1 below.

4

Figure 1: Event-tree for visits to health care facilities for the risk group with respect to LA-MRSA interventions

No SSTI
Prob. = (1-θPCS)

Examination

Continued policlinic care, all causes
Prob. = θPC

Total no. of visits = V

Referred to In-patient care, all causes
Prob. = θIP
No SSTI
Prob. = (1-θIPS)

SSTI not req. inpatient care
Prob. = θPCS

MRSA negative
Prob. = (1-θC)

MRSA test
(1 site; wound)

MRSA positive
Prob. = θC

MRSA negative
Prob. = (1-θC)

Examination
SSTI req. inpatient care
Prob. = θIPS

MRSA tests
(3 sites; nose, throat and
perineum)

MRSA tests
(4 sites; nose, throat,
perineum, and wound)

Precautionary measures
(Isolation 1 day)

Precautionary measures
(Isolation 1 day)

MRSA positive
Prob. = θC

MRSA positive
Prob. = θC

MRSA negative
Prob. = (1-θC)

Treatment:
- Trim-sulpha or Fucidin

Precautionary measures

Follow-up:

(Isolation, mean 3 days)

Precautionary measures
(Isolation, mean 3 days)

- 2 doctor’s visits
- 3 nurse’s visits
- 9 MRSA tests

Follow-up:

Treatment:

- 2 doctor’s visits
- 3 nurse’s visits
- 9 MRSA tests

- Vancomycin or Linezolid

Contact tracing:
- 5 to 10 persons
- 1 nurse’s visit/person
- 3 MRSA tests/person

Contact tracing outside ward:
- 5 to 10 persons
-1 nurse’s visit/person
- 3 MRSA tests/person

Contact tracing in ward:
- 4 days
- 6 fellow patients in ward/day
- 3 MRSA tests/patient

Follow-up:
- 2 doctor’s visits
- 3 nurse’s visits
- 9 MRSA tests

Contact tracing outside ward:
-5 to 10 persons
-1 nurse’s visit/person
- 3 MRSA tests/person

Contact tracing in ward:
- 4 days
- 6 fellow patients in ward/day
- 3 MRSA tests/patient
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When a person in the risk group visits a policlinic (which serve as “gate keepers” in
Swedish health care), it is first decided whether she can be treated policlinically (probability θPC) or requires inpatient care (probability θIP). Note that θIP = (1-θPC), however,
they are given separate labels to facilitate notation.
Given policlinic treatment, only patients with skin or soft tissue infections (SSTI) are of
interest (probability θPCS). These patients will be tested in one site (wound) [21, 22] and,
if LA-MRSA-positive (probability θC), treated with trimethoprim-sulphonamide or
fusidic acid [22, 23], and subject to follow-up measures (two doctor’s visits, three
nurse’s visits and nine MRSA-tests per patient), and to contact tracing (three MRSAtests and one nurse’s visit each for five to ten persons that have been in close contact
with the patient; personal communication, Stockholm County Council (SLL)). Contact
tracing may reveal new carriers. However, as data to estimate this probability is lacking,
costs generated by them are not included.
Given inpatient care, patients referred for SSTI (probability θIPS) are tested at four sites
(nose, throat, perineum and wound) and, awaiting the results, which usually takes one
day, isolated with extra hygienic precautions (i.e. specially dedicated personnel) [20,
21]. MRSA-positive patients (probability θC), remain in isolation for the rest of their
stay – on average three days [24], and are treated with infusions of vancomycin or
linezolid [22]. The same measures for follow-up and contact tracing outside ward as in
policlinic care will be undertaken (personal communication SLL). Contact tracing
inside ward will also be performed – subjecting patients discharged from the same ward
(on average six per day) to three MRSA tests each, every day the MRSA-positive
patient remains at the ward (i.e. a total of 6 × 4 × 3 = 72 tests; personal communication,
SLL). Contact tracing may reveal new cases but, on the same grounds as before, costs
generated by them are not included.
Patients referred to inpatient care for other causes (probability (1-θIPS)) are tested at
three sites (nose, throat, and perineum) and isolated awaiting the results. Positive results
(probability θC) are assumed to imply that the person is a carrier only (i.e. no infection).
Hence, they are not treated with antibiotics but remain in isolation for the rest of their
hospital stay, and subjected to follow-up measures (same as in policlinic care). The
same measures for contact tracing both inside and outside ward as for inpatients with
SSTI caused by MRSA are also applied (personal communication, SLL; [24]. Again,
contact tracing may reveal new cases but they are not included. Furthermore, costs
caused by nosocomial transmission in inpatient care are not accounted for.
2.1.1 Size of risk group, annual number of visits, and probabilities
The size of the risk group (N) is estimated based on information on the number of pig
farmers and their employees, slaughterhouse workers, and transporters in contact with
live pigs obtained from the Swedish Animal Health Service (SvDHV). Data on the
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number of veterinarians in contact with live pigs are from SvDHV, the Swedish
National Food Agency (SLV), and the Swedish Board of Agriculture (SJV). The number of persons sharing household with someone from any of the sub groups is estimated
using data on the number of persons in the average Swedish household from Statistics
Sweden. This results in a risk group consisting of about 6 000 persons (Table 1a).
Table 1a: The Swedish risk group.
Variable

Description

Value

N1

Pig-farmers and employees of pig farmsa

N2

Slaughterhouse workers in contact with live pigs

N3

Pig transportersa

2 500
a

200
a, b, c

N4

Veterinarians in contact with live pigs

N5

Persons sharing household with someone in sub-groups N1 to N4 (i.e.
4
1 N i

N

100

240

)d

Total number of persons in the risk-group (i.e. 1 N i )
5

3 040
6 080

Sources: a)SvDHV. b)Swedish National Food Agency. c)SJV. d)Estimated According to Statistics Sweden, the average Swedish
household consists of two persons.

The health related behavior of the risk group is assumed to be similar to that of the general Swedish population. Accordingly, information on the number of policlinic visits per
100 000 persons (0-64 years old) for the period 2001-2011 (obtained from SKL and the
Swedish Board of Health and Welfare), is used to estimate the expected annual number
of visits in the risk group (V), and described by a Pert distribution [25], using the lowest
observed value as the minimum, the median as the most likely, and the highest observed
value as the maximum (Table 1b).
The probability of policlinic treatment (all causes = θPC) is estimated as the annual
proportion of all visits that are primary care visits, using observations for the period
2001-2011 (obtained from SKL). As for expected number of visits (V), the probability is
described by a Pert distribution. As referral to inpatient care (all causes = θIP) is the
complement to policlinic treatment, the probability of referral to inpatient care is
simply (1-θPC).
The probability of SSTI, given policlinic care, (θPCS) is estimated similarly (i.e. as the
share of primary care that has SSTI, and also described by a Pert distribution), but using
information for the years 2000, 2002, and 2005 from [26].
The probability of SSTI, given inpatient care, (θIPS) is estimated as the share of SSTIs in
all inpatient care episodes using observations for the period 2001-2011 (Swedish Board
of Health and Welfare). As before, assumed to be described by a Pert distribution.
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Two estimates of the expected prevalence of MRSA in the Swedish risk group (θC) are
used. First, it is assumed that it would be similar to the prevalence in the Dutch risk
group (θCNL), estimated using information on prevalence among Dutch pig farmers and
their employees [27-29], family members of Dutch pig farmers and their employees
[27], Dutch slaughterhouse workers and pig transporters [9, 30, 31], and among Dutch
veterinarians [32]. The prevalence in each study is described by a Beta-distribution
(n+1, n-s+1), where n is the number of observations and s the number of positives. For
sub groups with data from more than one study, prevalence is described by a discrete
distribution – RiskDiscrete [25] {(θCNL1, θCNL2,..θCNLn), (ΠNL1, ΠNL2,…ΠNLn)} where the
θCNLi’s are the prevalence and the ΠNLi’s the proportion of observations, in each study.
Finally, the overall prevalence in the Swedish risk group is described by a RiskDiscrete
distribution {(θS1, θS2,…θSm), (ΠS1, ΠS2,…ΠSm)} where the θSj’s are the prevalence in
each Dutch sub group and the ΠSj’s the shares of the risk group belonging to each
Swedish sub group (Table 1b).
Second, expected prevalence is assumed to be similar to the prevalence in the Danish
risk group (θCDK). However, data for Denmark are scarce and only contain information
on the annual number of reported human cases for a few years (personal communication, Department of Food and Resource Economics (FOI), Denmark). Hence, θCDK, is
estimated as:

CDK 

N RDK / 
N DK

(1)

where NDK = no. of persons in the Danish risk group, NRDK = no. of reported MRSA-positive persons in
the Danish risk group, and λ = the proportion of the Danish risk group that is tested.

λ is assumed to be the same as in Sweden, calculated by dividing the expected number
of persons tested annually in Sweden (342) by the number of persons in the Swedish
risk group (6 080). The expected number of persons tested annually is obtained by
dividing the expected annual number of visits where an MRSA-test is done (V × (θPC ×
θPCS + θIP) = 749) by the expected annual number of visits per person for those who
make at least one visit (2.19 per year based on data from SKL for the period 20072011). This gives a λ of (342/6 080 = 0.056). Combining this with information on NRDK
and NDK, respectively, 149 and 22 740 persons in 2011 (personal communication FOI,
Denmark), gives the estimate of θCDK reported in Table 1b.
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Table 1b: Expected annual number of visits and probabilities in Figure 1
Variable

Description

Estimation/Value

V

Expected annual number of policlinic visits (all causes)a

θPC

Probability of a policlinic treatment, given visit, all causes.

θPCS

Probability of SSTI, given policlinic treatment.b

θIP

Probability of in-patient care, given visit, all causes.

θIPS

Probability of SSTI, given in-patient care.a

θCNL1

pert (8 578, 9 307, 10 142)
a

pert (0.9292, 0.9336, 0.9381)
pert (0.0133, 0.0152, 0.0165)

a

pert (0.0618, 0.0664, 0.0708)
pert (0.0042, 0.0044, 0.0049)

Prevalence of MRSA CC398 in pig-farmers and their employees in the Netherlands (three studies).

c

discrete [{beta (7, 21), beta (29, 71),
beta (14, 37)}; {(0.1, 0.57, 0.28)}]

d

θCNL5

Prevalence of MRSA CC398 in pig-farmers’ families in the Netherlands (one study).

θCNL2_3

Prevalence of MRSA CC398 in slaughterhouse workers and pig transporters in the Netherlands (three studies).e

beta (6, 30)
discrete [{beta (15, 80), beta (5, 33),
beta (4, 32)}; {(0.57, 0.22, 0.21)]

θCNL4

Prevalence of MRSA CC398 in veterinarians in the Netherlands (one study).

f

beta (7, 21)

Proportion of Swedish risk group belonging to, respectively, sub-groups N1, N2, N3, N4, and N5.g

ΠS1= 0.4120; ΠS2= 0.0165; ΠS3= 0.0329
ΠS4= 0.0395; ΠS5= 0.5000

θCNL

Probability of MRSA CC398 in the Swedish risk-group based on prevalence in the Netherlands.

discrete [(θCNL1, θCNL2_3, θCNL4, θCNL5);
{ ΠS1, (ΠS2+ ΠS3), ΠS4, ΠS5}]

NDK

Number of persons in the Danish risk-group.h

22 740

NRDK

Number of reported MRSA CC398 cases in the Danish risk-group.

h

149

Expected annual number of MRSA-tested visits in the Swedish risk-group

749

Expected annual number of visits per person in the Swedish risk-group, given at least one visit.

2.19

Expected annual number of persons in the Swedish risk-group visiting a health care facility and being tested for MRSA.

342

λ

Expected share of risk-group visiting a health care facility and being tested for MRSA.

0.056

θCDK

Probability of MRSA CC398 in the Swedish risk-group based on the number of cases detected and the size of the risk-group
in Denmark.

N RDK  SE
= 0.08
N DK

Sources: a)Estimated using data from Swedish Board of Health and Welfare and SKL. b)Estimated using data from Andre et al (2008) and Swedish Board of Health and Welfare. c) Voss et al. (2005), Wulf et al. (2007), van den Broek et
al. (2009), van Cleef et al (2010a). d)van den Broek et al. (2009). e)van Cleef et al. (2010b), and Gilbert et al (2012). f)Wulf et al (2007). g)Computed from Table 1a above. h)Personal communication, FOI.
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2.1.2 Costs of MRSA-related health care interventions
Given the MRSA-related events in Figure 1, the excess costs of LA-MRSA could be
summarised as follows (Table 1c):
1. costs for MRSA-tests per visit; CT in policlinics, 3CT in in patient care no SSTI,
and 4CT in in patient care given SSTI.
2. costs for interventions due to positive findings in policlinic care – i.e. excess
costs for antibiotic treatment in policlinic care (CAPC), costs for follow-up (CFU =
2CDV+ 3CNV + 9CT), and costs for contact tracing (CCT = 7.5CNV × 3CT).
3. costs for precautionary measures in inpatient care before MRSA status is known
(one day of isolation and more stringent hygienic measures) CI
4. costs for interventions due to positive findings in inpatient care – i.e. excess
costs for antibiotic treatment in inpatient care (CAIP), costs for precautionary
measures (3CT), costs for follow-up (CFU), and costs for contact tracing outside
(CCT) and inside (CCTI = 4 × 6 × 3CT) ward
Note that costs in categories 1 and 3 are independent of prevalence as they concern
interventions before the status of the patient is known.
MRSA-test (CT) cost € 43.89 per test [33, 34]. Thus, the costs for MRSA-testing equal
CT per visit in policlinic care, and 3CT or 4CT per visit in inpatient care.
Costs for policlinic interventions given positive MRSA-test, i.e. (CAPC + CFU + CCT),
where CFU include costs for doctors’ visits (CDV), about € 463.73 per visit and for
nurses’ visits (CNV), about € 60.73 per visit [35]. However, the antibiotics recommended
for treatment of MRSA-infections, trimethoprim-sulphonamide or fusidic acid [36], are
no more costly than flucloxacillin, the antibiotic recommended for treatment of sensitive infections [23, 37]. Hence, CAPC = € 0.
Excess costs for precautionary measures in inpatient care before status is known (CI)
are about € 636 (isolation for one day, about € 484, and stricter hygienic routines during
one day, about € 152; personal communication, county council of Skåne).
Costs for interventions in inpatient care given positive MRSA-test, include costs for
precautionary measures (3CI); excess costs of antibiotic treatment (CAIP), for MRSApositives with SSTI only; costs for follow up (CFU, same as above); and contact tracing
outside ward (CCT, same as above) and in ward (CCTI – i.e. 72CT). As to antibiotics,
vancomycin costs about the same as cloxacillin – recommended for treatment of
sensitive infections [38] – linezolid, however, used in about 20 percent of MRSA cases
(personal communication, Public Health Agency of Sweden), is € 374 more expensive
than cloxacillin [35]. Accordingly, average CAIP = € 74.7.
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Table 1c: MRSA-related costs in Swedish health care (€, 2011 prices)
Variable

Description

CT

Cost of diagnostic test for MRSAa

Value
43.89

CDV

Cost of doctor’s visit for follow-up of MRSA in primary care

b

463.73

CNV

Cost of nurse’s visit for follow-up of MRSA in primary care

c

60.65

CFU

Cost of follow-up = (2CDV + 3CNV + 9CT )

1 504.42

CCT

Cost of contact tracing outside inpatient ward = 10(CNV + 3CT)

1 923.20

CCTI

Cost of contact tracing inside inpatient ward = 4 × 6 × 3CT

3 160.08

CI

Costs per day for isolation (i.e. single room accommodation and stricter
hygienic measures)d

635.41

CAPC

Average excess cost of antibiotic treatment for uncomplicated MRSA
infections at policlinic facilities (trimetoprim-sulphonamide or fusidic acid
instead of flucloxacillin)e

0

CAIP

Average excess cost of antibiotic treatment for severe MRSA infections in
in-patient care (vancomycin or linezolid instead of cloaxcillin) e = (0.8 × 0)
+ (0.2 × 373.50)

74.7

TIPS

Average length of hospital stay (days)f
Sources:

4

a)

County Council of Västra Götaland; and County Council of Örebro; b)SKL (2009). c)Västra
Götalandsregionen (2008). d)Personal communication, County Council of Skåne. e) based on prices from
Swedish Pharmacies. f)Swedish Board of Health and Welfare (2013).

2.1.3 Expected benefits – costs savings – of the preventive measures
The expected societal benefits of the preventive measures, E(SBPrev) are the costs that
would have been incurred in the absence of the measures. That is, the costs caused by
the events in Figure 1, multiplied by the probabilities of the respective events.
Accordingly, the total expected benefits of the preventive measures can be expressed as:

  PC   PCS  CT   

 


V   IP   IPS  4CT    

 


 


  IP  (1   IPS )  3CT  





E ( SBPrev )  V   IP  CI  



V   PC   PCS  C   C APC  CFU  CCT   





  IP  (1   IPS )  C  (3CI  CFU  CCT  CCTI   

V  
  IP   IPS  C  (C AIP  3CI  CFU  CCT  CCTI ) 

(2)
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The first expression in brackets are the expected costs for MRSA-tests in policlinic care (first row), inpatient care given SSTI (second row), and no SSTI (third row); the second expression in brackets are the
expected cost for precautionary measures before status is known in inpatient care; the third expression in
brackets are the expected costs for treatment, follow-up, and contact tracing in policlinic care; the fourth
expression in brackets, finally, are the expected costs for follow-up and contact tracing in inpatient care,
given positive MRSA test but no SSTI (first row), and positive MRSA test and SSTI (second row).

The model was run using @Risk 6 (Palisade Corporation), an add-in programme to
Excel. To obtain the 95 percent credibility intervals, 10 000 simulations were made.

2.2 Expected costs of the recommendations
Top quality genetic material for pig breeding results from a continuous elaborate process. Production of genetic material from elite breeding pigs is controlled by large international companies and access to genetic material is regulated by contracts between
operators at different levels in the industry and pig producers the details of which are
not observable. Prices of semen for production herds are available on the companies’
homepages but there are no data on prices of boars.
At present, two companies provide the vast majority of genetic material for pig breeding
in Sweden. To ensure progress both companies regularly import genetic material to their
nucleus breeding herds. One of them imports live boars from Norway and the other
imports semen from Denmark. However, the analysis is performed assuming that both
companies import live boars from Norway.
The breeding companies are profit maximising firms relying on revenues from their
produce to cover cost. A first condition for profit maximisation is that marginal revenues (MR) cover marginal costs (MC) of the operation [39, 40]. The semen produced by
the imported boars may be sold directly to production herds. Alternatively, it can be
used in sows in the breeding companies’ own nucleus herds, which then produce offspring which, ultimately, produce semen and breeding pigs for the production herds.
However, the latter option entails further costs and a delay of revenues. A second condition for profit maximisation is, therefore, that the semen is allocated so that the present
value of MR (net of breeding costs) is the same regardless of use [39, 40].
Following the advice from SVA to prevent introduction of LA-MRSA entails costs to
the breeding companies and to society. Some of them are straight forward while others
may be less obvious. The next section illustrates how and why these costs arise.
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2.2.1 Profit maximisation with and without the measures suggested by SVA
Figure 2 is a stylised picture of the situation facing a breeding company. A boar (B) produces S insemination doses per year. If there are no external effects, the marginal societal value of semen equals the market price (P). The conventional assumption of decreasing marginal values is made [39, 40]. Hence, the more semen available, the lower the
price, illustrated by the line MB. With only two breeding companies, the market for
semen is assumed to be one of monopolistic competition, or oligopoly, implying that the
price is higher than the producers’ MR [39, 40].
In the absence of the measures, the marginal costs of producing semen include costs for
acquiring the boar (CAB); transporting (CTrB); quarantining (CQB); and testing it for
PRRS (CTPRRS) and Salmonella (CTSAL), mandatory in Sweden [41]; cost for accommodation (feed and water CFWB, and labour costs CL); and for collecting the semen and
administrating the sales thereof (labour costs CL). The conventional assumption of
increasing marginal cost is made [39, 40]. Hence, the larger the production, the higher
the MC, as illustrated by the line MC0. In the absence of the measures, the profit
maximising quantity of semen is (B0 × S) doses where MR equals MC0.
Figure 2: Profit maximisation with and without the preventive measures
P

PR
P0
MB

MCR = MC1 + (θCB × MRR)

MC1 = MC0 + (CTMRSA + θCB × CDB)
MC0 = CAB + CTrB + CQB + CTPRRS + CTSAL + CFWB + CL)

MR
0

BR × S

B0 × S

B×S
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Following the advice from SVA will raise MC by the costs for the MRSA-tests (CTMRSA)
and for the destruction of MRSA-positive boars (CDB, with probability θCB), shifting the
MC-curve to MC1. Also, (expected) marginal revenues fall to (1 – θCB) × MR since only
MRSA-negative boars may produce semen. Regarding the resulting revenue loss, θCB ×
MR, as an additional marginal cost raises the MC-curve further to MCR.
Higher marginal costs imply that the breeding company will reduce semen production
to (BR × S) doses, where MR = MCR, to maximise profits. At this level of production,
the societal value of the marginal insemination dose is PR, i.e. higher than P0. Still, the
reduction in quantity implies a loss to the breeding companies. Whether or not this
constitutes a societal cost depends on if the loss of Swedish semen production can be
compensated by imports of semen. To avoid underestimating costs, it is assumed that
this is not the case but we return to this in the sensitivity analysis and discussion.
The costs of following the advice on prevention may, therefore, be summarised as:
1. Higher MC caused by the MRSA-tests, the expected culling of MRSA-positive
boars and an extended quarantine period. The annual costs of these effects
(light-grey area in Figure 2) are (MC1 – MC0) × BR.
2. Higher MC (reduction in MR) since only MRSA-negative boars produce semen.
BR

The annual cost of this effect (dark-grey area in Figure 2) is  ( MCRi  MC1i ).
i 0

3. Loss of production values due to the fall in semen production due to the recommendations. The annual cost represented by the loss of these (net) production
B0

values (black area in Figure 2) is  ( MBi  MC0i ).
i  BR

Estimation requires information on the costs of MRSA-tests, the probability that a boar
is MRSA-positive, and the change in the profit maximising quantity of semen. In addition, boars of four different breeds – Hampshire, Duroc, Landrace, and Yorkshire – are
involved. Prices of semen from Hampshire and Duroc are about the same but substantially lower than from Landrace and Yorkshire [42, 43]. Costs under (2) and (3) above
are, therefore, calculated separately for Duroc/Hampshire and Landrace/Yorkshire.
2.2.2 The probability that at least one boar tests positive for MRSA
Norwegian boars are imported in batches (personal communication, breeding company).
The probability that MRSA is found in a batch is assumed to equal the herd prevalence
(θCH) of MRSA. In 2012, 175 Norwegian herds were screened for MRSA. One herd was
found positive, giving a herd prevalence of MRSA of 0.6 percent [44].
It is recognised that the herds exporting boars are at the top of the breeding pyramid and
more secluded and less likely to be MRSA-positive than the average herd. Moreover,
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even if the herd is MRSA-positive, a batch does not necessarily include a colonised
animal. Thus, the risk of losing a batch is probably lower than 0.6 percent but, as there
is no information on θCB, the herd prevalence, θCH = 0.006, is used (Table 2a).
2.2.3. Annual number of boars, batches, insemination doses per boar, and their prices
The company importing boars from Norway has about 35 percent of the Swedish market. It imports a total of 140 boars annually in eight batches of 18 boars each, of which
55.5 percent are Duroc/Hampshire, and 44.5 percent Landrace/Yorkshire (personal
communication, breeding company). Assuming that the other company could behave
similarly, a total of 400 boars (222 Duroc/Hampshire and 178 Landrace/Yorkshire)
would be imported annually in 22 batches (Table 2a). As both companies follow the
recommendations on prevention, this corresponds to the quantity BR in Figure 2.
A boar produces about 2 340 insemination doses during its productive life (personal
communication, breeding companies). Hence, S = 2 340. The price of an insemination
dose given the recommendations on prevention is about € 6.20 for Duroc/Hampshire
(PDHR), and about € 30.44 for Landrace/Yorkshire (PLYR) (Table 2a) [42, 43].
Table 2a: Probability of MRSA-positive, annual number of boars, batches, insemination doses per boar, prices of insemination doses (€, 2011 prices).
Variable

Description

Value

θCH

Probability that at least one boar in an batch is MRSA-positivea

0.006

BR

Total number of boars (Duroc/Hampshire and Landrace/Yorkshire) imported
annually when following the SVA-adviceb

400

BDHR

Total number of Duroc/Hampshire boars imported annually when following
the SVA-adviceb

222

δDHR

Share of Duroc/Hampshire in total imports when following the SVA-adviceb

0.555

BLYR

Total number of Landrace/Yorkshire boars imported annually when following the SVA-adviceb

178

δLYR

Share of Landrace/Yorkshire in total imports when following the SVAadviceb

0.445

S

Average number of insemination doses per boar during its productive lifeb

2 340

M

Total number of imported batches per yearb

22

X

Number of boars per import batch

18

PDHR

Market price of semen from Duroc/Hampshire boars when breeding companies follow the SVA-advice (€ per insemination dose)c

6.20

PLYR

Market price of semen from Landrace/Yorkshire boars when breeding companies follow the SVA-advice (€ per insemination dose)c

30.44

Sources: a)Based on the herd prevalence of MRSA in Norway in 2012 (NORM-VET, 2012). b)Personal communication, breeding
companies. c)Breeding companies’ home pages (http://avelspoolen.se and http://www.qgenetics.se) both accessed 201404-23. g)SJV (2009).
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2.2.4 Costs for MRSA-tests and for destruction of MRSA-positive batches
MRSA-testing involves three tests at three separate occasions. Quarantining due to testing for PRRS and Salmonella is already mandatory [40]. It is assumed that testing also
for MRSA will not increase the quarantine period, implying that following the
recommendations on prevention will not affect quarantine costs.
The costs for MRSA-tests (CTMRSA) include costs for taking samples from the boars and
costs for analysing the samples. In addition, two environmental samples per batch are
collected and analysed. Sampling costs (Csampl) are about € 14.11 per sample and costs
for analysis (Canal) about € 78.60 per analysis, (Table 2B; personal communication,
SVA, SJV and SvDHV). Up to five individual samples may be pooled and analysed for
the same cost as one (personal communication, SVA). This makes it impractical to calculate marginal costs for MRSA-tests and incremental (costs per batch) are used instead. The MRSA-tests’ contribution to the annual costs is:

 

X

M  3   X  Csampl    Canal    2  (Csampl  Canal ) 
5

 


(3)

where M is the total number of batches imported annually, and X is the number of boars per batch. Since
X = 18 in the present case, the quota (X/5) is rounded to 4 to account for the indivisibility caused by the
pooling of samples for analysis.

The costs for destruction of MRSA-positive boars are € 54.86 for the first animal (CDB1)
and then € 41.14 (CDB2) for each additional boar (Table 2B; personal communication,
Svensk Lantbrukstjänst). Thus, again incremental costs are used instead of marginal
costs, implying that the contribution to the annual cost from the destruction of MRSApositive boars is:
M  CH  CDB1   X  1  CDB 2 

(4)

The total annual costs for MRSA-test and destruction of positive batches (the light-grey
area in Figure 2) are the sum of (3) and (4).
2.2.5 The loss of revenues caused by destruction of MRSA-positive boars
Estimation of the loss of revenues caused by following the advice that all boars in a
batch where at least one of them is MRSA-positive should be culled (dark-grey area in
Figure 2) requires information of MR at the optimal quantity of semen. The profit maximising number of boars, the prices of semen given the preventive measures, and the
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quantity of semen produced by a boar of either breed is known. However, as we don’t
know the shape of the demand function from which the MR-function is derived, MR at
the quantity (BR × S) is unknown. On the other hand, MR cannot exceed the price of semen. Hence, PDHR and PLYR are used as approximations of MR from the respective
breeds at the optimal number of doses. Thus, though it will overstate the costs of the
dark-grey area, they are calculated as:

 (MBi  MC0i )  CH  BA  S   DHA  PDHA    LYA  PLYA 
B0

(5)

i  BA

where δDHR is the share of Duroc/Hampshire, and δLYR the share of Landrace/Yorkshire boars.

2.2.6 The costs caused by the reduction in semen production
Estimation of the costs caused by the loss of semen resulting from the increase in production costs (black area in Figure 2) again requires information on the shape of the MB
and MC-curves. As this is lacking, the loss is approximated as follows:
First, it is assumed that semen production is infinitely sensitive to changes in costs (i.e.
if MC should increase, production would fall to zero unless producers are fully compensated [38, 39]). The price change, for each breed j, needed to compensate producers is
Pj  MC jR  MC j 0 . Hence, to calculate Pj , the results from eq. (3), (4) and (5) are
summed and multiplied by each breed’s share of production and, then, divided by the
amount of semen produced by that breed:

PDH 

PLY 

 DHA  ( BACTMRSAl )  (CH BACDB )   CH BA S ( DHA PDHA   LYA PLYA ) 
 DHA  BA  S
 LYA  ( BACTMRSAl )  (CH BACDB )   CH BA S ( DHA PDHA   LYA PLYA ) 

(6a)

 LYA  BR  S

Second, to calculate how much this price increase will reduce the demand for semen,
requires information on how sensitive it is to price changes. To our knowledge this has
not been estimated. It is therefore approximated by the price elasticity of the demand for
pork (as demand for semen is derived from the demand for pork):

P 

dQ Q
dP P

(6b)

where dQ/Q is the relative change in the demand for, and dP/P is the relative change in the price of, pork.
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In Sweden, εP has been estimated to – 0.534 [45] (Table 2b), implying that a price increase of one percent will reduce the demand for pork by 0.534 percent. Thus, the
change in the demand for semen caused by the price increase is calculated as:

( BDH  S ) 
( BLY  S ) 

PDH
  P   DHA  BA  S 
PDHA

(6c)

PLY
  P   LYA  BA  S 
PLYA

Third, the costs of the dark grey area in Figure 2 are the net loss of societal welfare due
to the loss of production caused by the price increase (the area between the MB and
MC0-curves). This cannot be calculated as information on MC0 is the property of the
companies. Instead, the area under the MB-curve from (B0 × S) to (BR × S) is calculated:


( BDH  S )  
  PDH 0  ( BDH  S )  PDH 
 
2

 



( BLY  S ) 


  PLY 0  ( BLY  S )  PLY 


2




(6d)

As this includes the area under the MC0-curve from (B0 × S) to (BR × S), i.e. costs that
would have been incurred also in the absence of the measures, it may overstate the net
loss. On the other hand, if the demand for semen is more sensitive to price changes than
the demand for pork, the reduction in demand would be larger and the loss of societal
welfare due to the reduction in semen production understated.
Table 2b: Cost for MRSA-test, destruction of MRSA-positive boars (€, 2011 prices)
and price elasticity
Variable

Description

Value

Csampl.

Costs for taking samples for MRSA-tests (per sample)a

14.11

Canal.

Costs for analysis of MRSA samplesb

78.60
c

CDB1

Costs for destruction of the first MRSA-positive boar in a batch

CDB2

Costs for destruction of additional MRSA-positive boars in a batch (per boar) c

εP
Sources:

Price elasticity of the demand for pork
a)

d

54.86
41.14
- 0.534

Personal communication SJV and SvDHV. b) Personal communication SVA. c)Personal communication Svensk
Lantbrukstjänst. d)Breeding companies’ homepages (http://avelspoolen.se and http://www.qgenetics.se) both accessed
2014-04-23.
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2.2.7 Total expected costs of the measures suggested by SVA
The expression for the total expected societal costs of the preventive measures E(SCRec),
i.e. the sum of the three shaded areas in Figure 2, is:



 

X

 M  3   X  Csampl    Canal    2  (Csampl  Canal )  

5

 





 M  CH  CDB1   X  1  CDB 2  

E ( SCPr ev )  
 (7)
CH BA S ( DHA PDHA   LYA PLYA ) 





  PDH 0 ( BDH S )  PDH ( BDH S )    PLY 0 ( BLY S )  PLY ( BLY S )   
2
2
 
 
  
where the first row are the costs for MRSA-test from (3), the second are the expected costs for destruction
of MRSA-positive boars from (4), the third are the expected losses of revenues from (5), and the fourth
row are the losses caused by the reduction in the demand for semen (Duroc/Hampshire and Landrace/
Yorkshire) from (6d).

3. Baseline results and sensitivity analysis

3.1 Baseline results
Table 3 shows the estimated annual number of visits (rounded to integers) of patients
belonging to the risk group in each part of the event tree in Figure 1 given Danish and
Dutch human prevalence, estimated to be 8 percent and 15 percent respectively
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Table 3: Expected annual number of visits by patients in the risk group in the respective
parts of the event tree given Danish and Dutch prevalence (rounded to
integers)
Prevalence independent
Total number of visits: (V)

9 303

number of visits treated policlinically: (V × θPC)

8 685

number of visits referred to inpatient care: (V × θIP)

618

number of SSTI’s treated policlinically: (V × θPC × θPCS)

132

number of inpatient visits with no SSTI: (V × θIP × (1-θIPS)).

615

number of inpatient visits with SSTI: (V × θIP × θIPS).
Prevalence dependent

3
Danish prevalence

Dutch prevalence

number of LA-MRSA-positive visits, policlinics:
(V × θPC × θPCS × θC)

11

20

number of LA-MRSA-positive visits, inpatient care, no
SSTI: (V × θIP × (1-θIPS) × θC)

49

95

number of LA-MRSA-positive visits, inpatient care, SSTI:
(V × θIP × θIPS × θC)

0.2

0.4

Using the quantities in Table 3, and assuming Danish human prevalence, the total expected annual benefits of the preventive measures in steady state, are estimated to about
€ 870 700 (95 % credibility interval: € 604 233.8 – € 1 170 255.7) while, assuming
Dutch human prevalence, they are estimated to about € 1 233 500 (95 % credibility interval: € 953 262.9 – € 1 544 133.6) in 2011 prices. Table 4a presents these benefits according to where they arise. It may be noted that the two largest components are the
costs caused by precautionary measures before diagnosis in inpatient care (which are
independent of prevalence), and costs for contact tracing in inpatient care for patients
without SSTI.
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Table 4a: Expected benefits (95 percent credibility intervals) when preventing LA-MRSA from being introduced into the Swedish pig
population assuming human prevalence as in, respectively, Denmark and the Netherlands (€, 2011 prices).
Expected benefits
Human prevalence as in Denmark
Diagnostic tests, PC, SSTIa
Diagnostic tests, IP, No SSTI

a

a

Human prevalence as in the Netherlands

5 693.7

(4 929.2 – 6 675.1)

5 693.7

(4 929.2 – 6 675.1)

81 563.8

(72 194.1 – 93 726.0)

81 563.8

(72 194.1 – 93 726.0)

480.6

(399.9 – 572.3)

480.6

(399.9 – 572.39)

Precautionary measures before diagnosis, IP a

393 804.8

(348 593.4 – 452 583.4)

393 804.8

(348 593.4 – 452 583.4)

Sub-total diagnostics and precaution before diagnosis

481 543.1

(426 256.3 – 553 223.8)

481 543.1

(426 256.3 – 553 223.8)

Diagnostic tests, IP, SSTI

Treatment, PC, SSTI

No excess costs compared to sensitive infections

No excess costs compared to sensitive infections

Follow-up, PC, SSTI

15 635.9

(5 397.1 – 26 446.8)

30 183.1

(19 786.4 – 41 528.5)

Contac tracing, PC, SSTI

15 000.9

(4 911.5 – 26 952.8)

28 937.3

(17 517.2 – 42 553.2)

Sub-total treatment, follow-up and contact tracing, PC

30 636.4

(10 498.2 -53 001.4)

59 120.4

(38 139.0 – 82 553.2)

Precautionary measures, IP, No SSTI

94 228.9

(32 820.2 – 158 808.5)

181 890.4

(120 348.3 – 248 194.9)

Follow-up, IP, No SSTI

74 365.3

(25 743.8 – 125 831.4)

143 539.7

(9 978.7 – 195 874.9)

Contact tracing, IP, No SSTI

188 494.0

(64 401.0 – 322 666.6)

363 732.8

(237 898.3 – 502 519.7)

Sub-total, IP, No SSTI

357 088.2

(122 800.2 – 604 902.6)

689 152.8

(453 625.6– 947 717.8)

418.1

(142.2 – 712.4)

807.0

(517.4 – 1 119.6)

Treatment, IP, SSTI

16.5

(5.6 – 28.1)

31.8

(20.6 – 44.1)

Follow-up, IP, SSTI

329.9

(112.2 – 566.3)

636.9

(408.3 – 883.6)

Contact tracing, IP, SSTI

836.3

(283.7 – 1 433.7)

1 613.9

(1 039.6 – 2 267.9)

1 600.8

(543.1 – 2 727.5)

3 089.5

(1 991.8 – 4 311.5)

870 727.0

(604 233.8 – 1 170 255.7)

1 233 510.9

(953 262.9 – 1 544 133.6)

Precautionary measures, IP, SSTI

Sub-total, IP, SSTI
Total
a

Prevalence independent
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The total expected annual societal costs of the recommendations are found to be €
211 128.6. In Table 4b, these costs are presented according to where they arise. As can
be seen, the largest contribution is from the loss of revenues from destructed LA-MRSA
positive boars.
Table 4b: Expected annual costs of following the recommendations (€, 2011 prices).
Cost-category

Value

MRSA-tests:

41 862.19

Destruction of MRSA-positive boars:

100.55

Revenue loss caused by destruction of boars:

95 397.87

Loss of production values caused by reduced demand for semen due to
cost increase:

73 868.56

Total annual costs:

211 128.6

Thus, given the assumptions in the study, the results indicate that the preventive
measures suggested by SVA would increase societal welfare.
3.2 Sensitivity analysis
As a the herd prevalence of 0.6 percent probably is lower than in most EU-countries,
and since the herd prevalence affects all costs except those for the MRSA-tests, it is of
interest to investigate how high θCH could be without causing the societal costs to
exceed the societal benefits of the recommendations.
This “break-even” level of prevalence is found by setting the minimum values of societal benefits in Table 4a equal to the expression for the societal costs in eq. (7) and solve
for θCH. Accordingly, the break-even rates of the herd prevalence (all other things equal)
are:
Table 5: Break-even rates of herd prevalence of LA-MRSA in the exporting country
Human prevalence of CC398 from
Denmark
The Netherlands

Lower limit of benefits from Table 3a (€)

Break-even θCH

610 861.6

0.0221

1 001 024.4

0.0362

That is, if steady state prevalence of LA-MRSA in the Swedish human risk group
reaches the Danish (Dutch) level, the benefits of the measures are large enough to cover
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their costs if the herd prevalence in the country from which they are imported does not
exceed 2.21 (3.62) percent.
As there also is uncertainty regarding how sensitive the demand for semen is with
respect to price changes it is of interest to investigate how large the price elasticity
could be without causing the societal cost to exceed the societal benefits of the
measures. The break-even levels of ε are found to be:
Table 6: Break-even level of price elasticity of demand for semen.
Human prevalence of CC398 from
Denmark
The Netherlands

Lower limit of benefits from Table 3a (€)

Break-even ε

610 861.6

– 3.43

1 001 024.4

– 5.99

Accordingly, other things equal, the (absolute value of) price sensitivity of the demand
for semen could be as high as 3.43 (5.99), given Danish (Dutch) human prevalence,
without the costs of the preventive measures exceeding their benefits.
In the baseline, the risk group includes persons in close contact with pigs only. According to results from Denmark [3] about 21 percent of detected LA-MRSA had no known
direct contact with live pigs. If this should apply to Sweden, there would be about 16
(31) additional LA-MRSA positive visits annually given Danish (Dutch) human
prevalence in the risk group. Assuming that they are distributed between policlinic and
inpatient care like LA-MRSA positive visits in the risk group (cf. Table 3), and using
the costs in Table 1c, expected costs in human health care would increase to about €
927 500 (€ 1 344 200) other things equal.
On the cost side, if the loss of domestic semen production could be replaced by imports
of similar quality, it may be argued that it would not represent a societal loss in the long
run. This is because Swedish production herds still would be supplied with genetic material (albeit by foreign breeding companies) implying that there would be no loss in
pork production, and because the resources in Swedish breeding companies made redundant by the production cuts would be expected to find employment in other sectors.
In that case, the costs of the preventive measures would be reduced by € 73 868.56 (cf.
Table 4b) to € 121 027.4.

4. Discussion

The spread of LA-MRSA is global and such bacteria are common among pigs and other
farm animals in several countries [1]. However, to our knowledge, few actions have
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been taken to control the spread of LA-MRSA in pigs. The reasons for this can only be
speculated on, but most likely the widespread occurrence of LA-MRSA when first discovered in 2004 is an important factor. In Sweden, LA-MRSA in pigs is rare [6] and
interventions to keep prevalence low might still be feasible. An example of such interventions is the measures suggested by SVA analysed in the present study.
Our baseline results indicate that the benefits of the suggested measures (€ 870 727 – €
1 233 510) exceed their costs (€ 211 128), giving a net societal benefit of between €
659 599 and € 1 022 382 depending on the expected human prevalence of LA-MRSA if
it became endemic. Thus, given the assumptions made in the study, the measures
generate a net societal benefit and, therefore, appear to be feasible for preventing the
introduction and spread of LA-MRSA among pigs in Sweden.
When estimating the baseline results, our strategy has been to avoid overestimating the
benefits and avoid underestimating the costs of the measures. Hence, on the benefit
side, only persons expected to frequently be in contact with live pigs are considered to
be at risk of being colonised or infected. This results in a risk group of about 6 000
persons only. It is also assumed that introduction of LA-MRSA among Swedish pigs
would not result in a larger number of S. aureus infections in the risk group, implying
that only the excess costs caused by bacteria being resistant are considered. When
estimating these excess costs, it is assumed that the antibiotics used for treatment would
be efficient (that is, potential costs for extended treatment and hospital stay are not
considered). Furthermore, costs caused by additional cases revealed during contact
tracing are not included. For the same reason, the value of avoiding pain and anxiety, of
avoiding restrictions on the activities of infected persons, or of avoiding premature
deaths caused by LA-MRSA in the risk group are also not included.
On the cost side, the expected loss of marginal revenues caused by the fact that only
non-positive boars may produce semen, are overestimated by the use of the market price
of semen as an approximation for the unobservable marginal revenues. In addition, the
expected loss of marginal revenues, and the expected costs for destruction of boars due
to positive findings of LA-MRSA may also be overestimated by using the average herd
prevalence in the exporting country as a proxy for the probability of at least one boar
testing positive in an import batch originating from a herd in the top of the breeding
pyramid.
Our sensitivity analysis shows that the expected costs of having LA-MRSA in the pig
population could be substantially higher if colonisation spread outside the risk group. It
also shows that the costs of the suggested measures are smaller than in the baseline if
the loss of Swedish semen production could be substituted by imports of similar quality.
However, direct import of semen by Swedish production herds is almost non-existent,
suggesting that the loss of semen production in domestic breeding companies should be
regarded a societal cost.
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Nevertheless, it might be tempting to regard the baseline results as a conservative estimate of the societal benefit of the recommendations. Still, they rest on a number of
assumptions that need to be discussed.
The most crucial of these is, perhaps, that the suggested measures actually would
prevent the introduction of LA-MRSA among Swedish pigs. Although trade and
transfer of live animals is considered the most important risk factor for spread of LAMRSA [46-48], there might be other routes for introduction such as persons working at
or visiting farms [46, 47, 49], and, possibly, by air [50]. Although there is a risk that
pigs can be colonised through other routes than contact with colonised animals
(particularly in countries where LA-MRSA is wide-spread) we assess this risk to be
substantially lower than the risk transmission for colonised pigs. One argument for this
is that none of the studies above have been able to quantify it. Nevertheless, to ensure
that an MRSA free pig population is upheld, it would be necessary to complement
testing of imported breeding pigs with regular monitoring of pig herds and biosecurity
measures on herd level. Costs for monitoring or potential intervention are not included
in the present study as they will depend on type and frequency of measures considered
which, in turn, depends on how high the risk of introduction through other routes is.
Accordingly, information on this risk is central to whether or not LA-MRSA free
countries should apply preventive measures and how these should be designed.
Second, the assumed probability of a boar testing positive for LA-MRSA is uncertain.
Our sensitivity analysis shows that, should it be larger than 2.31 (3.71) percent, the
expected annual costs of the recommendations would exceed the expected annual gains
from a smaller number of MRSA cases in human health care. According to the study by
EFSA [18], the average prevalence of LA-MRSA in breeding herds in the EU in 2008
was 13 percent, varying between member states from 0 to 46 percent, and 12 member
states did not detect LA-MRSA. Although the prevalence of MRSA in most member
states has increased since 2008 there are probably herds that are free of LA-MRSA.
Thus, given that those herds could be identified, the risk of positive test results could be
kept below the critical level. However, information of which herds that are free of LAMRSA is not readily available.
Third, the prevalence in the human risk group is assumed to be between 8 and 15
percent based on the Danish and Dutch data. However, between 2009 and 2013 the
number of reported human cases of LA-MRSA in Denmark has increased from 232 to
643 cases [51]. This suggests an increased prevalence and accordingly the societal
benefits using the Danish prevalence in this study could have been underestimated.
Our assumption of LA-MRSA not being very pathogenic to humans should also be
considered. It is based on findings in the literature that human transmission of LAMRSA and incidence of clinical infections in humans is lower than for other types of
MRSA [52-55]. The reason may be bacterial factors such as reduced virulence of the
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strains and host factors such as a risk group consisting of mainly healthy people [2, 52].
Nevertheless, the potential to cause disease in humans is substantial [52, 53] and there
are several reports of clinical disease in humans [56-58]. Also, in the present study we
did not include the costs that would arise in human health care if the introduction of
LA-MRSA was to result in a larger number of S.aureus infections in the risk group or in
the population at large.
Having a pool of resistance genes in the pig population constitutes another risk that is
hard to estimate the importance of and which costs, consequently, have not been
estimated. There is a potential for transfer of resistance genes to S. aureus strains that
are more pathogenic for humans. Moreover, there are concerns of a shift in virulence
and a re-adaptation of LA-MRSA to humans which would generate a huge reservoir of
human adapted MRSA in livestock [2]. The probability of these events could not be
quantified, the consequences should they occur, however, would be serious.

5. Conclusions

Having LA-MRSA in the pig population causes significant societal costs. Given the
assumptions in the study, the results indicate that measures to prevent LA-MRSA from
becoming endemic increase societal welfare. However, given the significant gaps in
knowledge, it is suggested that a complete cost benefit analysis should be done in the
future as more data become available.

Acknowledgements

The authors would like to thank Nils Lundeheim (Swedish University of Agricultural
Sciences) and Per Wallgren (Swedish National Veterinary Institute) for valuable
comments, and AvelsPoolen, Institute of Food and Resource Economics, Public Health
Agency of Sweden, Quality Genetics, Skåne University Hospital, Stockholm County
Council, Swedish Animal Health Service, and Swedish Farmers’ Disease Control
Programme for valuable information.

26

References

1. Enright MC, Robinson DA, Randle G, Feil EJ, Grundman H, et al. (2002). The
evolutionary history of methicillin-resistant Staphylococcus aureus (MRSA). Pnas,
2002; 99: 7687-7692.
2. Verkade E, Kluytmans J (2013). Livestock-associated Staphylococcus aureus CC398:
animal reservoirs and human infections. Infection, Genetics and Evolution (epub
2013-03-05).
3. EFSA (2009). Joint scientific report of ECDC, EFSA and EMEA on methicillin
resistant Staphylococcus-aureus (MRSA) in livestock, companion animals and
foods. EFSA-Q-2009-00612 (EFSA Scientific Report (2009) 301, 1-10) and
EMEA/CVMP/SAGAM/62464/2009.
4. DANMAP (2012). Use of antimicrobial agents and occurrence of antimicrobial
resistance in bacteria from food animals, food and humans in Denmark. Available
at: http://www.danmap.org. Accessed 2013-10-11.
5. NETHMAP (2013). Consumption of antimicrobial agents and antimicrobial
resistance among medically important bacteria in the Netherlands. Available at:
http://www.swab.nl. Accessed 2013-10-11.
6. SWEDRES-SVARM 2013. Use of antimicrobials and occurrence of antimicrobial
resistance in Sweden. Solna/ Uppsala ISSN 1650-6332
7. Cuny C, Nathaus R, Layer F, Strommenger B, Altman D, et al. (2009). Nasal
colonization of humans with methicillin-resistant Staphylococcus aureus (MRSA)
CC398 with and without exposure to pigs. Plos One 2009; 4(8): 1-6.
8. Van Cleef BAGL, Broens EM, Voss A, Huijsdens XW, Züchner L, et al. (2010).
High prevalence of nasal MRSA carriage in slaughterhouse workers in contact with
live pigs in the Netherlands. Epidemiology and Infection 2010; 138: 756-763.
9. Bisdorff B, Scholhölter JL, Claussen K, Pulz M, Nowak D, et al. (2012). MRSAST398 in livestock farmers and neighbouring residents in a rural area in Germany.
Epidemiology and Infection 2012; 140: 1800-1808.
10. Bootsma MJC, Wassenberg MWM, Trapman P, Bonten MJM (2011). The
nosocomial transmission rate of animal-associated ST398 methicillin-resistant
Staphylococcus aureus. Journal of the Royal Society Interface 2011; 8: 578-584.
11. Köck R, Mellmann A, Schaumburg F, Friedrich AW, Kipp F, et al. (2011). The
epidemiology of methicillin-resistant Staphylococcus aureus (MRSA) in Germany.
Deutsches Ärtzeblatt International 2011; 108(45): 761-767.
12. Porphyre T, Giotis ES, Lloyd DH, Stärk KDC (2012). A metapopulation model to
assess the capacity of spread of methicillin-resistant Staphylococcus aureus ST398
in humans. Plos One 2012; 7(10): 1-12.
13. Swedish Communicable Disease act (in Swedish). Available at:
http://notisum.se/rnp/sls/lag/20040168.HTM . Accessed 2014-05-08.

27

14. SJVFS 2013:23. Föreskrifter om ändring i Statens jordbruksverks föreskrifter
(SJVFS 2012:24) om anmälningspliktiga djursjukdomar och smittämnen (in
Swedish). Available at: http://www.jordbruksverket.se. Accessed 2014-01-15.
15. Drummond MF, Sculpher MJ, Torrance GW (2005). Methods for the economic
evaluation of health care programmes (3rd ed.). Oxford University Press, Oxford.
16. Boardman AE, Greenberg DH, Vining AR, Weimer DL (2011). Cost-benefit
analysis, concepts and practice (4th ed.). Prentice Hall, Upper Saddle River, New
Jersey.
17. Folkehelseinstituttet (2014). Notat om Folkehelseinstituttets vurdering av risiko for
og konsekvenser av spredning av LA-MRSA i norske svinebesettninger. Annex 5 to
Samfundsökonomisk analyse av handlingsvalg for å redusere risiko for at
dyreassosiert MRSA utvikler sig til å bli et problem for folkehelsen (in Norwegian).
Mattilsynet 2014, Oslo. Available at: www.mattilsynet.no. Accessed 2014-08-12.
18. EFSA (2009). Analysis of the baseline survey on the prevalence of methicillinresistant Staphylococcus-aureus (MRSA) in holdings with breeding pigs in the EU
2008. Part A: MRSA prevalence estimates. EFSA Journal 2009; 7(11): 1376-1458.
19. van Rijen MML, Kluytmans JAJW (2014). Adjustment of the MRSA search and
destroy policy for outpatients in the Netherlands: a prospective cohort study with
repeated prevalence measurement. Antimicrobial Resistance and Infection Control
2014; 3: 3-7.
20. Sundhedsstyrelsen (2012). Vejledning om forebyggeslse af spredning af MRSA (in
Danish). Available at: http://www.sst.dk. Accessed 2014-10-03.
21. Department of Communicable Diseases Control and Prevention, Stockholm County
Council (2011). Handläggning vid avskrivning av controller för MRSA-bärarskap
(in Swedish). Available at: http://smittskyddstockholm.se. Accessed 2013-02-25.
22. Swedish Medical Products Agency (2009). Farmakologisk behandling av bakteriella
hud- och mjukdelsinfektioner – ny rekommendation (in Swedish). Available at:
http://www.folkhalsomyndigheten.se/amnesomraden/smittskydd-ochsjukdomar/antibiotika-och-antibiotikaresistens/rekommendationer/. Accessed 201404-28.
23. Hanberger H (2011). Antibiotika vuxna, patogener (in Swedish). Available at:
http://www.internetmedicin.se. Accessed 2013-05-18.
24. Swedish Board of Health and Welfare (2013). Diagnoser i sluten vård (in Swedish).
Available at: http://192.137.163.49/sdb/par/val.aspx. Accessed 2013-02-25.
25. Vose, D. (2000). Risk analysis A quantitative guide. Chichester, John Wiley and
Sons
26. André M, Verneby Å, Odenholt I, Stålsby Lundborg C, Axelsson I, et al. (2008).
Diagnosis-prescribing surveys in 2000, 2002 and 2005 in Swedish general practice:
consultations, diagnosis, diagnostics and treatment choices. Scandinavian Journal
of Infectious Diseases 2008; 40: 648-654.

28

27. Voss A, Loeffen F, Bakker J, Klaassen C, Wulf M (2005). Methicillin-resistant
Staphylococcus aureus in pig farming. Emerging Infectious Diseases 2005; 11: 19651966.
28. van den Broek IVF, van Cleef BAGL, Haenen A, Broens EM, van der Wolf PJ, et
al. (2009). Methicillin-resistant Staphylococcus aureus in people living and working
in pig farms. Epidemiology and Infection 2009; 137: 700-708.
29. van Cleef BA, Verkade EJM, Wulf MW, Buiting AG, Voss A, et al. (2010a).
Prevalence of livestock-associated MRSA in communities with high pig-densities in
the Netherlands. Plos One 2010; 5(2): 1-5.
30. van Cleef BAGL, Broens EM, Voss A, Huijsdens XW, Züchner L, et al. (2010b).
High prevalence of MRSA carriage in slaughterhouse workers in contact with live
pigs in the Netherlands. Epidemiology and Infection 2010; 138: 756-763.
31. Gilbert MJ, Bos MEH, Duim B, Urlings BAP, Heres L, et al. (2012). Livestock
associated MRSA ST398 carriage in pig slaughterhouse workers related to
quantitative environmental exposure. Occupational and Environmental Medicine
2012; 69: 472-478.
32. Wulf MWH, Sorum M, van Nes A, Skov R, Melchers WJG, et al. (2007).
Prevalence of methicillin-resistant Staphylococcus aureus among veterinarians: an
international study. Clinical Microbiology and Infection 2007; 14(1): 29-33.
33. County Council of Västra Götaland (in Swedish). Available on:
http://sas.vgregion.se/upload/SÄS/Laboratorium%20för%20klinisk%20mikrobiol
ogi/Microsoft%20Word%20-%20PRISER%202013-%20hemsidan.pdf, Accessed
2014-4-23.
34. County Council of Örebro (in Swedish). Available on: http://www.orebroll.se/Filessv/USO/Kliniker_enheter/Laboratoriemedicin/Mikro/Dokument/PrislistaMikrobiolo
gi.pdf, Accessed 2014-03-23.
35. County Council of Västra Götaland (2008). Hälso- och sjukvårdsnämndernas
kostnader för besök vid offentligt och privat bedrivna vårdcentraler i Västra
Götaland
år
2006
(in
Swedish).
Available
at:
http://
www.vgregion.se/upload/Regionkanslierna/hsskansli/Analys/Rapporter/2008/SLU
TRAPPORT.pdf. Accessed 2014-04-28.
36. STRAMA 2009. Diagnostik och behandling av hud- och mjukdelsinfektioner.
STRAMA-gruppen i Skaraborg 2009 (in Swedish). Available at: http://
http://www.vgregion.se/upload/Strama%20VGR/Diagnostik%20och%20behandling
%20av%20hud-%20och%20mjukdelsinfektioner,%202009%20.pdf.
Accessed
2014-04-25.
37. Swedish Pharmacies (2014). FASS (in Swedish). Available at: http://www.fass.se.
Accessed 2014-04-25.
38. Vading M (2013). Antibiotika i öppen- och slutenvård (in Swedish). STRAMA
Stockholm,
2013.
Available
at:
http://www.janusinfo.se/Documents/Strama/Slutenv%C3%A5rd/2013/slutenv_antib
iotikagrupper_2013.pdf. Accessed 2014-04-25.

29

39. Mas-Colell A, Whinston MD, Green JR (1995). Microeconomic Theory. Oxford
University Press. New York, 1995.
40. Frank RH (2010). Microeconomics and Behavior (8th ed). McGraw-Hill. New York,
2010.
41. SJVFS 2009:40. Föreskrifter om ändring i Statens jordbruksverks föreskrifter
(SJVFS 1998:70) om införsel av nötkreatur och svin (in Swedish). Available at:
http://sjv.se. Accessed 2014-04-25.
42. Breeding company’s homepage (in Swedish). http://www.avelspoolen.se. Accessed
2014-04-25.
43. Breeding company’s homepage (in Swedish). http://www.qgenetics.se. Accessed
2014-04-25.
44. NORM-VET 2012. Usage of antimicrobial agents and occurrence of antimicrobial
resistance in Norway. Tromsö/Oslo 2013. Available at: http://www.vetinst.no.
Accessed 2014-04-25.
45. SJV (2009). Konsumtionsberäkningar vid ändrade matpriser och inkomster. Rapport
2009:8 (in Swedish). Swedish Board of Agriculture. Available at: http://sjv.se.
Accessed 2014-04-25.
46. van Duijkeren E, Ikawaty R, Broekhuizen-Stins MJ, Jansen MD, Spalburg EC, et al.
(2008). Transmission of methicillin-resistant Staphylococcus aureus strains between
different kinds of pig farms. Veterinary Microbiology, 2008; 126: 383-389.
47. Broens EM, Graat EA, van der Wolf PJ, van de Giessen AW, van Duijkeren E, et al.
(2011). MRSA CC398 in the pig production chain. Preventive Veterinary Medicine,
2011; 98: 182-189.
48. Groves MD, O´Sullivan MV, Brouwers HJ, Chapman TA, Abraham S, et al. (2014).
Staphylococcus aureus ST398 detected in pigs in Australia. Journal of
Antimicrobial Therapy, 2014; 69: 1428-1428.
49. Fessler AT, Olde Riekerink RG, Rothkamp A, Kadlec K, Sampimon OC, et al.
(2012). Characterization of methicillin-resistant Staphylococcus aureus CC398
obtained from humans and animals on dairy farms. Veterinary Microbiology, 2012;
160: 77-84.
50. Schulz J, Friese A, Klees S, Tenhagen BA, Fetsch A, et al. (2012). Longitudinal
study of the contamination of air and of soil surfaces in the vicinity of pig barns by
livestock-associated methicillin-resistant Staphylococcus aureus. Applied and
Environmental Microbiology, 2012; 78: 5666-5671.
51. Statens Seruminstitut (2014). MRSA CC398 epidemiologien i Danmark. EPI-NYT
24a/2014 (in Danish). Available at: http://www.ssi.dk/Aktuelt/Nyhedsbreve/EPINYT/2014/Uge%2024a%20-%202014.aspx. Accessed 2014-07-20.
52. van Cleef BA, van Benthem BH, Haenen AP, Bosch T, Monen J, et al. (2013). Low
incidence of livestock-associated methicillin-resistant Staphylococcus aureus
bacteraemia in The Netherlands in 2009. PLoS One, 2013; 8: e73096.

30

53. Cuny C, Kock R, Witte W (2013). Livestock associated MRSA (LA-MRSA) and its
relevance for humans in Germany. International Journal of Medical Microbiology,
2013; 303: 331-337.
54. Kock R, Schaumburg F, Mellmann A, Koksal M, Jurke A, et al. (2013). Livestockassociated methicillin-resistant Staphylococcus aureus (MRSA) as causes of human
infection and colonization in Germany. PLoS One, 2013; 8: e55040.
55. Verkade E, Kluytmans-van den Berg M, van Benthem B, van Cleef B, van Rijen M,
et al. (2014). Transmission of methicillin-resistant Staphylococcus aureus CC398
from livestock veterinarians to their household members. Plos One, 2014; 9:
e100823.
56. Aspiroz C, Lozano C, Vindel A, Lasarte JJ, Zarazaga M, et al. (2010). Skin lesion
caused by ST398 and ST1 MRSA, Spain. Emerging Infectious Diseases, 2010; 16:
157-159.
57. Pan A, Battisti A, Zoncada A, Bernieri F, Boldini M, et al. (2009). Communityacquired methicillin-resistant Staphylococcus aureus ST398 infection, Italy.
Emerging Infectious Diseases, 2009; 15: 845-847.
58. Witte W, Strommenger B, Stanek C, Cuny C (2007). Methicillin-resistant
Staphylococcus aureus ST398 in humans and animals, Central Europe. Emerging
Infectious Diseases, 2007; 13: 255-258.

31

