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Abstract

Background: The parasite Toxoplasma gondii (T. gondii) is recognized as one of the major foodborne pathogens
with a high human disease burden. To control T. gondii infections in pigs, European Food Safety Agency (EFSA)
advises serological testing of pigs and audits of pig farms to identify risk factors for T. gondii infection. In line with
this approach, the aim of the current study was to assess the effectiveness and costs of intervention measures
implemented to reduce the T. gondii seroprevalence on finishing pig farms in the Netherlands. A crossover clinical
trial was conducted at five case farms were their own control and the cross-over moment was the implementation
of interventions to reduce risk factors. Each of the case farms had a farm-specific intervention strategy with one
principal intervention measure (neutering of cats, professional rodent control or covering food storage).

Results: All finishing pig farms (n = 5) showed a reduction in T. gondii seroprevalence within one year of
implementing the intervention strategy. Cat neutering (n = 3) and feed coverage (n = 1) showed statistically
significant reductions in seroprevalence. Rodent control (n = 1) did not show a statistically significant reduction. The
estimated reduction in seroprevalence in response to the neutering of cats and feed coverage were 67 and 96 %,
respectively.

Conclusions: Our work demonstrates that it is possible to reduce the within-farm T. gondii seroprevalence within
one year after interventions were implemented to reduce T. gondii risk factors. This information is essential and
encouraging for policy makers, food business operators, and farmers to implement in their risk assessment and to
apply to food safety control systems.
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Background
Toxoplasma gondii (T. gondii) is an ubiquitous proto-
zoan parasite capable of infecting virtually all warm-
blooded vertebrates throughout the world [1, 2]. It is an
obligate intracellular organism belonging to the coccid-
ian family. The parasite has a complex life cycle whereby
Felidae (cats) function as the definitive host. Cats can
shed millions of oocysts after a primary infection into
the environment via their feces during a period of a few
weeks [1]. Intermediate hosts can become infected after
ingesting soil, water or feed, contaminated with oocysts.
After infection, oocysts transform into tachyzoites in the
host. This life stage spreads throughout the host and
eventually localizes primarily in neural and muscle tissue
where it develops into tissue cyst bradyzoites. Intermedi-
ate hosts include (wild) animals such as birds and ro-
dents, and also farm animals such as pigs. Humans can
get infected via oocysts present on unwashed hands after
gardening or infrequently cleaning the cat litter when
oocysts are present, consuming raw or undercooked
meat containing tissue cysts, food or water contaminated
with oocysts, and to a lesser extend also by blood or
organ transfusion or transplacental from mother to
fetus. A T. gondii infection can cause severe symptoms
in humans with immature or impaired immune systems
such as fetuses or immunocompromised patients [1]. In
non-immunocompromised humans, a postnatal infection
can cause ocular disease [3].
T. gondii is recognized as an important foodborne zoo-

nosis, with a high global public health impact estimated
at 1.20 million disabilities adjusted life years (DALYs)
annually for congenital toxoplasmosis [4]. In 2015, T.
gondii ranked fourth out of 24 foodborne parasites glo-
bally [5]. In Europe, T. gondii ranked second out of 23
foodborne parasites [6]. Among the different food
sources of animal origin, pork is seen as an important
source for T. gondii infection [7]. In the Netherlands,
12 % of human infections were attributed to consump-
tion of pork meat [8]. Viable T. gondii parasites have
been isolated from tissues and meat of pigs, both natur-
ally and experimentally infected with T. gondii [1]. T.
gondii infections in pigs are commonly asymptomatic,
however, clinical signs can occur during the acute phase
of infection [1]. The level of T. gondii infections in pig
herds depends on the farming system, with outdoor ac-
cess leading to a higher seroprevalence compared to only
being held indoors [9–11]. The risk for T. gondii infec-
tions in pigs is associated with the presence of cats, oc-
currence of rodents, accessibility of cats and rodents to
pig feed and water and the degree of cleaning and disin-
fection on the farm [12–18].
Given the high human disease burden associated with

T. gondii, preventive interventions are needed, but so far
no control in meat producing animals is being carried

out since tissue cysts are not visible during meat inspec-
tion. To control T. gondii infections in the pork supply
chain, the European Food Safety Authority (EFSA) has
developed a set of epidemiological indicators combined
with a package of recommended measures [9]. Proposed
measures are serological testing of pigs for T. gondii in-
fections at the farms or slaughterhouse, and on farm au-
dits for risk factors associated with a T. gondii infection.
In line with the EFSA recommendations a large-scale
private serological monitoring program was started in a
pig slaughter company in the Netherlands in 2012. From
every delivery of pigs to a slaughterhouse of the com-
pany blood samples were taken. The seroprevalence in
these pig herds over farming systems, years, regions and
seasons are described in Swanenburg et al. [11]. Using
these data, farms with a high seroprevalence were identi-
fied. Intervention measures were needed to control T.
gondii infections in these herds. However, information
on the effectiveness and costs of intervention measures
to control T. gondii infections in pigs on farms is scarce.
This information is essential for policy makers, food
business operators and farmers to implement in their
risk assessment and to apply into food safety control sys-
tems. The aim of the current study was to assess the ef-
fectiveness and costs of intervention measures to reduce
the T. gondii seroprevalence in the finishing pigs on
farms in the Netherlands.

Results
Farm characteristics
Nine farmers were approached for this study, each farm
with an estimated within farm seroprevalence > 10 % and
a minimum of six deliveries in the previous running
year, i.e. the selection period. Five farmers were willing
to participate in the study. These five farms had 917 fin-
ishing pigs on average, with a range from 100 to 3,333
(Table 1). Two farms were managed conventionally, and
three organically. Starting dates of the interventions
ranged from 25 to 2017 to 1 March 2018. Taken to-
gether the results of all pigs from the five farms, 1,280
blood samples were analyzed during the two-year study
period, of which 258 (20.2 %) tested positive for the pres-
ence of T. gondii antibodies.

Interventions implemented on each farm
The intervention strategy differed per farm and was se-
lected by the project team after an initial visit. A specific,
principal intervention measure was selected for each
farm. On Farm 1, 2 and 3 stray cats were present at the
farm during the initial farm visit (Table 2). Therefore, at
these farms the chosen principal intervention measure
was neutering of all captured cats. At Farm 1 neutering
took place on 25 August 2017: eight cats were neutered
and two kittens were removed from the premises. The
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cross over date on Farm 2 was 15 November 2017: seven
cats were neutered. On Farm 3 seven cats were neutered
at 28 December 2017). Farm 4 showed the lowest score
in the initial visit with the Hazard Analysis Critical Con-
trol Points (HACCP) based questionnaire on the risk
factor presence of rodents (Table 2; 30 %). Traces of ro-
dents were observed in and outside the stables and pro-
fessional rodent control was not in place (Figure S2).
Therefore, implementation of professional rodent con-
trol was selected as the principal intervention meas-
ure (starting 1 December 2017: 24 visits per year and
two periods of one week camera surveillance to pro-
vide the farmer insight into the presence of rodents).
On Farm 5, the principal intervention measure was
the implementation of a covered storage for the whey
that was put in place on 1 March 2018. Although
there were stray cats present (Table 2), it was de-
cided, for practical reasons, to select feed coverage as
the farm’s principal intervention measure, because the
farmer had built the new storage. The covered storage
was a completely sealed off plastic barrel placed in
the week of the initial farm visit (Figure S3). During
the intervention period some farms also implemented
other intervention measures in addition to the princi-
pal intervention measure, e.g. the placement of a new
door and paving a trench silo on Farm 1 (Tables 2
and 3, Figure S1).

Efficacy of principal intervention measures
Figure 1 shows the development of the percentage of
positive serum samples for T. gondii antibodies in the
finishing pigs delivered by each of the five farms to the
slaughter house. All farms showed a reduction in the
percentage positive serum samples one year within the
start of the implementation of the intervention strategy.
In comparison the average percentage of positive serum
samples for all pigs delivered to the slaughterhouse dur-
ing the two-year study period stayed approximately the
same (1.6 %).
For two of the three principal intervention measures, a

statistically significant association with T. gondii sero-
prevalence was found (p = 0.05; Table 4). This resulted
in an estimated reduction in seroprevalence of 67 % for
cat neutering and 96 % for feed coverage.

Results of the HACCP based questionnaire, which
was used at quarterly evaluation moments, showed in
general a good compliance with the chosen intervention
strategy by the participating farmers. All farms had a
higher score at the end of the intervention period than
at the initial farm visit for the risk factor related to the
selected principal intervention measure (Table 2). For
example, on Farm 1 the intervention strategy was neu-
tering of cats with the related topic of the questionnaire
‘Presence of cats’. At the start of the study period, the
farm scored zero out of five points on this topic (= 0 %)

Table 1 Farm characteristics and study data of the five pig farms participating in the intervention study

Farm # Farm
type

Farm size (#
finishing pigs)

Farm
system

Start date of
intervention
strategy

# Blood samples before
intervention (positive; total; %)

# Blood samples after
intervention (positive; total; %)

1 Finisher 3333 Conventional 25 Aug. 2017 138 ; 278 ; 50 65 ; 320 ; 20

2 Breeder-
Finisher

600 Organic 15 Nov. 2017 16 ; 150 ; 11 1 ; 126 ; 1

3 Finisher 200 Organic 28 Dec. 2017 6 ; 83 ; 7a 4 ; 96 ; 4

4 Finisher 100 Organic 1 Dec. 2017 6 ; 48 ; 13 2 ; 24 ; 8

5 Finisher 350 Conventional 1 Mar. 2018 12 ; 71 ; 17 6 ; 47 ; 13
aDue to the fact that the date of selection and the start date of the actual intervention strategy differed the estimated with-in farm seroprevalence turned out to
be < 10 % for one farm in the year before the start of the implementation of the intervention strategy

Table 2 Results of the questionnaire (percentage of total points) before and after implementation of the intervention strategy

Topic Farm 1 (first visit; final visit) Farm 2 (first visit;
final visit)

Farm 3 (first visit;
final visit)

Farm 4 (first visit;
final visit)

Farm 5 (first visit;
final visit)

General farm
biosecurity

28 ; 28 22 ; 28 33 ; 33 17 ; 17 28 ; 28

Supply of pigs 33 ; 50 67 ; 67 50 ; 50 33 ; 33 83 ; 83

Outdoor access 100 ; 100 67 ; 67 67 ; 67 67 ; 67 100 ; 100

Presence of cats 0 ; 40 0 ; 40 0 ; 40 80 ; 80 0 ; 0

Feed supply 58 ; 67 83 ; 83 83 ; 83 75 ; 75 67 ; 75

Water supply 50 ; 50 75 ; 75 75 ; 75 75 ; 75 75 ; 75

Pest control and
prevention

60 ; 70 40 ; 45 35 ; 70 30 ; 35 45 ; 45
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and at the end the farm scored two out of five points (=
40 %).

Expenses and annual costs of interventions
Total one-off costs of interventions varied between the
farms from €600 to €5,300 per farm, of which the largest
part consisted of expenditures on equipment or services
and a lesser part on own labor (Table 3). Neutering of
cats only required one-off expenses varying from €115
to €600 per farm, depending on the number and sex of
the cats. Monthly expenses of improved rodent and pest
control varied from €100 to €300 per farm. The invest-
ment in a new whey storage amounted €4,500. The total
estimated annual costs for T. gondii risk factors reduc-
tion varied from around €350 to €4,000. Monthly recur-
ring expenses for controlling pests such as rodents and
flies made up between 85 and 100 % of the annual costs.

Discussion
This study aimed to examine the effectiveness and costs
of intervention measures on pig farms to reduce the T.

gondii seroprevalence in finishing pigs. Each of the five
farms followed in this study had a farm-specific inter-
vention strategy with one principal intervention meas-
ure. All farms showed a reduction in percentage of
positively tested samples for T. gondii antibodies one
year after implementation of the intervention strategy.
The interventions aimed at reducing cats and improved
feed coverage showed statistically significant reductions
in seroprevalence. The intervention aimed at rodent
control did not show a statistically significant reduction.
The estimated reduction in seroprevalence of the neuter-
ing of cats and feed coverage were 67 and 96 %, respect-
ively. All together, these results show that it is possible
to reduce the within-farm T. gondii seroprevalence
within one year after implementing interventions to re-
duce specific T. gondii risk factors.
On three farms (1, 2 and 3) neutering of cats was de-

cided to be the principal intervention measure because
of the presence of cats at these farms. Since cats are the
definitive host of T. gondii and they spread T. gondii oo-
cysts in the environment, specific interventions to

Table 3 Costs of interventions implemented on the five pig farms to control T. gondii infections

Farm # Intervention measurea One-off
expenses

Labor
(hours)

Total one-off
expensesb

Monthly
expenses

Estimated
annual costs

1 PIM Sterilizing eight cats €115 €115 €25

OM Improving rodent control by a professional company visiting the
farm every six weeks (including inside the stable)

€200 €2400

OM Placing a new door in the stable to prevent mice and rats from
entering

€1000 €1000 €131

OM Paving trench silo and tidying up between pig stables €2000 80 €4265 237

Total €3115 80 €5380 €200 €2792

2 PIM Sterilizing seven cats €420 €420 €91

OM Placing a rattrap €36 €36 €5

OM Implementing fly control by using predatory flies and wasps (only
during the summer every 5 weeks, in total 7 times)

€310 €3714

OM Placing boot cleaners and using new boots €126 €126 €16

Total €582 €582 €310 €3827

3 PIM Sterilizing seven cats €505 11 €801 €178

OM Improving rodent control by placing poison boxes inside and traps
outside every four to six weeks

€101 €1212

Total €505 11 €816 €101 €1390

4 PIM Improving rodent control by a professional company visiting the
farm every two to three weeks (including camera surveillance)

€240 €2880

OM Placing a lid on feeding cartc

OM Cleaning pig stablesc

Total €240 €2880

5 PIM Implementing a new storage for whey feed €4500 €4500 €362

Total €4500 €4500 €362

All costs mentioned are excl. VAT
aPIM principal intervention measure, OM other intervention measure
bLabor is valued at €28.31 per hour [19]
cNo data on expenses received from the farmer
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reduce the presence of cats on pig farms belong to the
primary intervention methods of interest. A significant
reduction in seroprevalence on the three farms was ob-
served (p = 0.05) and it was concluded that neutering of
cats resulted in a reduced exposure of pigs to T. gondii
within one year. These results are in agreement with
earlier results from Mateus Pinilla et al. [20], who
showed that administration of an oral T. gondii live vac-
cine to cats on pig farms also leads to a decrease in T.
gondii seroprevalence. Although vaccination of cats
seems to be as successful as neutering of cats to decrease
the T. gondii seroprevalence on pig farms, vaccination of
cats is currently not feasible due to the non-availability
of such a vaccine. Moreover, although promising results
were obtained with an oral live vaccine [20], commercial
production of this vaccine was discontinued because the
vaccine needs to be kept frozen, has a short shelf life,
high costs, and the lack of interest by cat owners for this
vaccine [21].
Neutering cats was used in this study to reduce the

presence of young cats, because they pose the highest

risk of spreading oocysts in the environment. Most cats
are infected with T. gondii as juveniles [19], even suck-
ling kittens were found to be shedding oocysts [22]. Cats
only spread T. gondii in their feces for 1–3 weeks follow-
ing the first episode of infection and they become im-
mune to re-shedding of oocysts [21]. Therefore, we
decided on neutering to reduce the birth of kittens on
the farm as an intervention. This is also socially more
acceptable for cat owners than culling of the cats present
on the farm. A drawback of this approach can be that
farmers need to be attentive to the number of cats
present on the farm and which cats are neutered, be-
cause stray cats can also have kittens in the direct sur-
roundings of the farm.
After neutering of the cats at the farms, within one

year a significant reduction in T. gondii seroprevalence
in slaughter pigs was observed. This reduction could be
caused by the neutering, because it would take about 45
weeks, roughly calculated, to observe such a reduction.
The pregnancy period of a cat is typically 65 days (9
weeks), the average age of kittens when they start with

Fig. 1 Overview per farm of percentage positive serum samples for T. gondii antibodies in the finishing pigs. ‘Before’ indicates the percentage
positive in the 12 months before the start of the intervention, ‘After’ indicates the percentage positive in the 12 months after the start of the
intervention. The black bars (‘average’) indicate the average percentage T. gondii positive serum samples for all slaughter pigs in the Netherlands
in the respective ‘before’ and ‘after’ period for each farm (extended results from [11])

Table 4 Seroprevalence results per principal intervention measure for the five pig farms during the intervention period

Principal intervention measure Farm # Odds Ratio (95% CI) Reduction in seroprevalence (%)

Cat neutering 1, 2, 3 0.33 (0.22 – 0.45) 67 % (55% – 78%)

Professional rodent control 4 3.00 (0.13 – 14.60) n.a.a

Feed coverage 5 0.04 (-∞ – 0.23) 96 % (77% – 100%)
aThe estimated reduction in seroprevalence was only calculated for the intervention measure where the OR 95% confidence interval did not include 1
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shedding oocysts is most probably within 10 weeks of
age and the fattening period of the slaughter pigs is 26
weeks. However, the ability of oocysts to survive for a
long time in the environment can increase the time be-
fore the reduction in seroprevalence due to the neuter-
ing of cats can be observed.
On one farm (Farm 4, organic) professional rodent

control was applied as the principal intervention meas-
ure. However, we did not find a significant contribution
of this intervention measure to the reduction of T. gon-
dii seroprevalence on this farm. This is not in line with
expectations, because the presence of rodents is seen as
a risk factor for T. gondii infections in pig herds, espe-
cially on organic farms. Mice and rats can be infected
with T. gondii or carry T. gondii oocysts with them and
spread this in the environment of the pigs [23]. Further-
more, results from a Dutch study on application of ro-
dent control on pig farms showed that rodent control
was successful in reducing the T. gondii seroprevalence
in pigs [24]. That we did not find an impact of rodent
control in our study could possibly be because rodents
were not the main cause of exposure to T. gondii on this
farm or the intervention period of one year is too short
to observe an effect (in contrast to the cat neutering
intervention measure, as discussed above). Alternatively,
the professional rodent control in itself might have been
insufficient or because effective rodent control might re-
quires additional efforts by the farmer and farm
personnel. Regarding the latter, the periodically com-
pleted HACCP-based questionnaire showed no improve-
ment of general farm biosecurity by the farmer during
the intervention year and that the unfavorable circum-
stances inside and outside the stables facilitating access
of rodents to stables remained unchanged. This could
suggest that application of professional rodent control in
itself might not always be enough to reduce T. gondii
seroprevalence in pigs. Previous research from Krijger
et al. [25] also found that rodent control was more effi-
cient and effective when using integrated pest manage-
ment. In addition, rodent control is also important to
prevent other diseases such as Trichinella infections in
pigs and therefore it should always be implemented.
Coverage of feed is also determined as a preventive

factor for T. gondii infections in pig herds [18]. In the
current study, the efficacy of feed coverage was esti-
mated at 96 % (76–100 %) reduction in seroprevalence
based on a single farm. Although the percentage in sero-
prevalence reduction on this farm (Farm 5) was 4 %
(from 17 to 13 %), the six positive samples after the
intervention had started were collected from a single de-
livery 13 days after the feed was covered. Therefore,
these positive samples received less weight in the statis-
tical analyses, resulting in the statistically significant re-
duction. The farm changed the storage for dairy cow

whey used as feed for pigs from an open tank to a new
and completely closed tank. Recently Dubey et al. [26]
concluded in a review that there is no evidence for the
excretion of viable T. gondii in cow’s milk. Thus, the
whey was probably contaminated with T. gondii by ro-
dents or cats, rather than through the cow’s milk. There-
fore, preventing rodents or cats to access feed storages
can be a valuable intervention measure to control T.
gondii infections in pigs.
In this study we used the T. gondii seroprevalence in

slaughter pigs of 26 weeks of age to assess the effective-
ness of the principal intervention measures. However, T.
gondii seroprevalence can vary over seasons and over
years [11]. Therefore, we compared the results of the five
farms with the development in T. gondii seroprevalence
of slaughter pigs of other farms in the Netherlands. This
showed that the observed decrease in seroprevalence
was specific to these farms and not influenced by sea-
sonal and yearly variations.
During visits at the farms, pig farmers were neither

discouraged nor prohibited to implement other interven-
tion measures which could reduce T. gondii seropreva-
lence. Any other intervention measures that were
implemented were recorded in the HACCP-based ques-
tionnaire. However, the statistical power provided by
these observations was too low to properly distinguish
the effects of the different intervention measures. The
observed reduction in seroprevalence on a farm was fully
attributed to the principal intervention measure imple-
mented on that farm. This might have resulted in an
overestimation of the effect of the principal intervention
measures.
The efficacy of cat neutering was estimated at 67 % re-

duction in seroprevalence and associated average costs
were around €100 per year per farm. However, because
other interventions were also implemented on each farm
simultaneously, the total annual average costs amounted
to €2,670 per year per farm. Van Asseldonk et al. [27]
estimated that interventions with 67 % efficacy are cost-
effective when the annual costs are less than around
€4,000, at a value for a DALY of €50,000. For feed cover-
age, efficacy was estimated at 96 % reduction in sero-
prevalence and associated costs at €360 per year on
Farm 5. This was the only intervention implemented on
this farm. Interventions with 96 % efficacy were esti-
mated to be cost-effective when annual costs are less
than around €5,800. This suggests that implementation
of cat neutering and feed coverage to control T. gondii
infections in finishing pigs on the farms in our study was
cost-effective at macro level. Although it is of interest at
macro level, this could not be the case for individual
farmers. A T. gondii infection does not impact perform-
ance nor does it lead to carcass condemnation. This
means that a pig farmer does not have a direct economic

Eppink et al. Porcine Health Management            (2021) 7:44 Page 6 of 9



benefit from implementing interventions to control T.
gondii infection in pigs. However, livestock producers
also base farm decisions on values, motivations, social
influences and behavioral factors [28]. Van Wagenberg
et al. [29] concluded that many Dutch pig producers had
knowledge about risk sources for and consequences of
T. gondii infections in pigs, but that the public health
impact and risks of T. gondii infections in pigs were not
yet common knowledge among all Dutch pig producers.
Reducing such behavioral barriers could induce pig pro-
ducers to implement interventions to control T. gondii
infections in pigs.

Conclusions
This study showed that it is possible to reduce the T.
gondii within-farm seroprevalence on pig farms by audit-
ing for the presence of specific T. gondii risk factors
followed by intervention to reduce these risk factors.

Materials and methods
Study design and selection of farms
The presence of antibodies against T. gondii was deter-
mined by blood samples from pigs of approximately 26
weeks of age slaughtered at three Dutch slaughterhouses
[11, 30]. Pigs originated from conventional and organic
farms in the Netherlands and Belgium. According to the
sampling scheme for determination of antibodies to T.
gondii [11], a minimum of one and a maximum of six
serum samples were taken at slaughter from every deliv-
ery of pigs. These samples were tested for the presence
of anti-T. gondii antibodies using the PrioCHECK™
Toxoplasma Antibody ELISA (Thermo Fisher Scientific
Prionics B.V., Lelystad The Netherlands). A cut-off of
20 % positivity (PP) was used to classify serum samples
as positive, as recommended by the manufacturer.
Selection of farms to participate in the intervention

study occurred dynamically from July 2017 to April
2018. A farm was selected when in this period it had:

– an estimated within-farm seroprevalence of 10 % or
higher, which was estimated monthly from the sero-
logical data of the previous 12 months using a
Bayesian approach in which we accounted for im-
perfect diagnostic testing [31],

– a minimum of six deliveries in the previous running
year,

– the willingness to provide researchers access to the
farm and pig stables at least twice.

In this study we used a cross-over trial, with each farm
acting as its own control. The cross-over date was the
start of the implementation of the intervention measure.
The control period was the one year prior to the cross-
over date and the intervention period the one year after

the cross-over date to control for potential seasonal
effects.

Interventions
After selection, farms received an initial farm visit. Dur-
ing this visit, the control situation was assessed by a re-
searcher, which included a visual inspection of the
outside and inside of the pig stables. For this assessment,
a questionnaire was set up. This questionnaire was based
on the Hazard Analysis Critical Control Points (HACC
P) framework of Kijlstra et al. [14], used to identify the
most important control measures to prevent, reduce or
control the introduction and spread of T. gondii on or-
ganic pig farms. The questionnaire gathered information
about the status of the following topics related to risk
factors for T. gondii infections in pigs: general farm bio-
security, supply of pigs, outdoor access, presence of cats,
feed and water supply and pest control and prevention.
On each topic the farm was scored, with a higher score
indicating a lower risk for introduction and spreading of
T. gondii infections.
At the end of the initial visit, the intervention strategy

to be implemented on the farm was selected together
with the farmer. This intervention strategy differed be-
tween farms, each farmer implemented a specific com-
bination of intervention measures best fitting to their
farm situation. For each farm, one principal intervention
measure was selected at the end of the initial farm visit.
The principal intervention measures implemented in this
study were:

– Cat neutering: all cats present at the farm were
spayed or neutered by a local veterinarian in
cooperation with a NGO to prevent the birth of
kittens. During their lifetime cats get usually infected
once with T. gondii and, during this infection, they
shed T. gondii oocysts in the environment through
their feces for only a relative short period of time.

– Professional rodent control: professional rodent
control was implemented to reduce the number of
potentially infected rodents present on the farm that
could spread T. gondii oocysts.

– Feed coverage: pig feed was structurally covered to
prevent access of cats and rodents to reduce the
presence of T. gondii oocysts in feed.

The cross-over date of a selected farm was the date on
which the principal intervention measure was actually
implemented on that farm. For example, Farm 1 was vis-
ited for the first time on 14 July 2017. Neutering of the
cats present at the farm was selected as principal inter-
vention measure for this farm. Neutering took place on
25 August 2017, therefore this date was the cross-over
date for Farm 1. The total study period for this farm ran
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from 25 to 2016 to 25 August 2018, with 25 August
2016 to 25 August 2017 as control period and 25 August
2017 to 25 August 2018 as the intervention period.
Selected farms were contacted every quarter during

the intervention period to assess the progress on the im-
plementation and the expenses of implemented inter-
vention measures. In 60 % of the cases this assessment
was done during a farm visit. The remaining assessments
were performed through telephone interviews with the
farmer. Progress was assessed using the same HACCP-
based questionnaire as used in the initial visit. This pro-
vided the opportunity to follow the combination of
intervention measures (by improvement on points
scored for the different topics) implemented at each
farm during the intervention period.
A standardized cost statement template was used to

register the farmer’s initial one-off expenses (€) and one-
off number of hours (labor) needed for implementation
of each intervention measure, as well as the monthly ex-
penses (€/month) and monthly amount of labor (hours/
month) for running this intervention measure. Own
labor costs were valuated at €28.31 per hour [30]. Depre-
ciation, maintenance and interest rates from Blanken
et al. [32] were used to estimate the annual costs related
to the initial expenses. Depreciation was set at 20.0 % for
neutering of cats (assuming neutering is needed every 5
years), 10.0 % for rattraps, boots and boot cleaners, and
new doors, 5.0 % for the whey silo, and 2.5 % for the
trench silo floor. Maintenance costs were set at 1.3 % for
all intervention measures under study, except 0.0 % was
used for cat neutering. Annual interest rate was set at
3.5 %.

Statistical analysis
The odds ratios (OR) of principal intervention measures
were estimated using binomial regression in a Bayesian
framework as the exponent of the regression parameter
(i.e., Exp[β]). The number of positive samples in a deliv-
ery pi were considered ‘successes’ and the number of
samples examined as binomial total. The success-rate pi
for principal intervention measure i was modelled as

logit pið Þ ¼ β0;i þ β1;i � Inti ð1Þ

where β0 is the intercept, β1,i the parameter indicating
the effect of principal intervention measure i, and Inti an
assertion-factor to indicate to what extent the principal
intervention measure i could have asserted an effect on
the seroresponse at slaughter. When principal interven-
tion measure i had not yet started, then Inti=0. If princi-
pal intervention measure i had started, then Inti was
calculated as the number of finishing days between start
date of the principal intervention measure i and the
slaughter date, divided by the baseline length of finishing

of 111 days [2]. The proportion was maxed at 1. This ap-
proach was chosen to account for the delay in the ability
to measure the effect of the intervention at slaughter.
An intervention starting the day before slaughter (Inti=
1/111) had a lower probability of asserting an effect on
the antibody levels at slaughter compared to one having
started before fattening (Inti=1).
Model (1) was analyzed separately for each of the three

principal intervention measures, neutering of cats (three
farms), professional rodent control (one farm), and feed
coverage (one farm). Analyses were done in R, using the
package rJAGS (JAGS version 4.3.0). All priors were spe-
cified to be vague (normal distributions with µ = 0 and
precision = 0.0001) in an attempt to have the posterior
distribution be influenced mostly by the collected data.
Five Markov Chains were run simultaneously for
100,000 iterations with randomly chosen initial values,
the first 1,000 iterations were discarded for burn in and
the chain stability was monitored by examining the trace
plots [33].
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