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Abstract

Background: The consumption of raw or undercooked meat, especially pork, and offal containing infective tissue
cysts is suspected to be a significant route of infection with Toxoplasma gondii. Although the use of “animal-friendly
pig production systems”ensuring direct contact with the natural environment offers ethical benefits, it limits the abil-
ity to ensure animal health; it may also increase the probability of infections by pathogens such as T. gondii, and thus
their entry into the food chain. This study determines the seroprevalence of T. gondii in pigs from different housing
systems and farms with different hygiene standards in Poland, as well as among pigs of different age groups from
farms with high hygiene standards. In total 760 pig serum samples were examined for the presence of specific anti-
bodies using the PrioCHECK® Toxoplasma Ab porcine commercial ELISA test (Prionics, Switzerland).

Results: Test results with PP >20% were regarded as positive, as indicated by the manufacturer. Antibodies to T. gon-
dii were found in 193 of 760 (25.4%) tested sera. Regarding different housing systems, antibodies were found in 117
pigs: of these, 52.6% (61/116) were from organic farms, 40.9% (47/115) from farms with low hygiene standards, 5.4%
(9/167) from farms with high hygiene standards and 0% (0/40) from a farm with a high level of biosecurity. Regard-
ing age groups, antibodies were found in 76 animals on farms with high hygiene standards: 11.1% (7/63) were pigs
younger than 3 months, 0% (0/60) aged 3-4 months, 12.3% (7/57) aged 5-6 months (final fattening stage) and 43.7%
(62/142) were sows aged 9 months and older.

Conclusions: Antibodies to T. gondii were most often found in pigs from organic and low-hygiene farms, as well as
in pigs aged 9 months and older. Meat derived from seropositive animals can pose a potential source of infection for
humans. As maternal antibodies to T. gondii can be present in the blood of piglets aged up to 3—4 months, serological
examination is unjustified in piglets up to this age.
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Background

Recent years have seen a growth in consumer interest
in animal products obtained using “animal-friendly pig
production systems’, i.e., those providing contact with
the natural environment; for example, pork from organic
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and thus the possibility of them entering the food chain
[3].

The life cycle of T. gondii is an indirect one consisting of
asexual reproduction, in an intermediate host, and sexual
reproduction, in the intestine of the definitive host. The
parasite can use a wide range of mammals and birds as
intermediate hosts, including humans and domestic pigs
[4]; however, the definitive host must be a member of the
Felidae family [5]. After primary infection, the defini-
tive host excretes millions of oocysts with their feces [6].
After sporulation, the oocysts can infect a wide range of
hosts through contaminated soil, water and feed [7], and
can persist for a long time in the environment [8]. In the
intermediate host, infection results in the formation of
tissue cysts containing bradyzoites, which represent the
terminal life-cycle stage in this host. Consumption of tis-
sue cysts usually leads to infection in non-immune indi-
viduals [9].

Humans can become infected via three main routes:
congenitally from the mother, by ingesting sporulated
oocysts in soil, water and vegetables contaminated by
cat feces, or by consuming tissue cysts present in the
meat of infected animals [10]. Of these three, the most
significant route in human infection is believed to be the
consumption of raw or undercooked meat and offal con-
taining infectious tissue cysts [11]. In addition, the preva-
lence of T gondii infection in humans is believed to be
influenced by age, geographical location, nutritional hab-
its and hygiene standards [12]. Even so, approximately
1/3 of humanity is believed to be infected [13], with the
seropositive results varying from 5 to 90% depending on
region [14]. In Poland, this seropositivity ranges from
36% in the Malopolskie Voivodeship to 62.5% in the
Pomorskie Voivodeship [14].

Although infection is usually asymptomatic [15],
immunocompromised individuals can be at risk of
serious complications, including encephalitis, brain
abscesses and death [16, 17]. Pregnant women may suf-
fer preeclampsia and miscarriage, and mental disorders
and malformations can occur in the newborn child [18-
20]. Even healthy humans and animals can demonstrate
behavioral changes, neuropsychiatric disorders and infer-
tility as a result of infection [21-25].

The European Food Safety Authority (EFSA) recom-
mends that meat and meat products from pigs, especially
those from organic farms, should be prioritized for moni-
toring, as well as meat from sheep and goats from free-
range systems [26]. Among these species, pigs (pork) are
considered to be one of the main sources of meat-borne
infection [27]. As it is not possible to detect 1. gondii tis-
sue cysts during routine post-mortem examination [28],
the EFSA recommends the use of serological tests to
detect specific antibodies when testing pigs [29], as this
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can indicate presence of tissue cysts in muscles [12, 28,
30].

In Poland, the main factor increasing the probability of
T. gondii infection is believed to be the consumption of
raw pork [31]. Pork is the most widely-consumed meat in
the country: in 2019, consumption amounted to 40.3 kg
per capita [32]. Similarly, infection has also been attrib-
uted to tasting raw meat during meal preparation [31]
and the consumption of frozen, minced pork [33].

Heat treatment is the most effective method of inacti-
vation of tissue cysts. While heating to 67 °C or higher is
considered sufficient to immediately kill tissue cysts, at
lower temperatures, tissue cyst survival depends on the
duration of heating. At 60 ‘C, tissue cysts remain viable
for about four minutes and at 50 “C, for about 10 min.
Most tissue cysts are also killed at temperatures of
— 12 °C or lower but some tissue cysts may survive deep-
freezing. Tissue cysts can also be killed by curing; how-
ever, survival time varies with the concentration of the
salt solution and temperature [26]: one study found cysts
to be killed by 3% table salt solution [26], while another
found cysts to be killed by a 1.3% solution [34].

Tissue cysts are typically unequally distributed
throughout an infected animal. In pigs, the highest con-
centrations are found in brain tissue; however, this is
only occasionally consumed by humans. While the num-
bers of tissue cysts in muscle tissue are comparatively
low, pork should still be considered as a potential source
of infection for humans [35]. A particular challenge is
posed by individual meat products consisting of a mix-
ture of meat and offal derived from multiple animals [36];
in such cases, the meat and offal of a single pig may be
divided between more than 600 servings of infected meat
[37], and the meat from one infected pig can contaminate
the entire batch of a final meat product [38].

Pigs are most often infected by exposure to feed, water
and environments contaminated by oocysts [39], or by
the consumption of tissue cysts present in the tissues of
intermediate hosts, especially small rodents or birds [28].
Cases of intrauterine infections have also been reported
[40]. Older animals tend to have a greater probability
of infection [41], and this has been attributed to their
increased likelihood of encountering the pathogen [15].
In addition, sows are at up to 41-times greater risk of T.
gondii infection than finishing pigs [42].

Pig breeding in Poland is highly fragmented between
smallholdings [43]. As small farms are more likely to have
poor hygiene conditions and the animals are more likely
to be exposed to infective forms of the parasite present in
the soil, water and feed, this arrangement also promotes
T. gondii infection [44, 45].

The aim of the present study was to determine the
seroprevalence of T. gondii between pigs from different
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housing systems and farms with different hygiene stand-
ards. It also examined the presence of specific antibod-
ies in pigs of different age groups from farms with high
hygiene standards.

Methods

Farms

A number of farms were selected for the study by conven-
ience, i.e. the farms were either located in areas subjected
to the Poviat Veterinary Inspectorates cooperating with
us, or had sent fattening pigs for slaughter to slaughter-
houses that were cooperating with us for the study. These
were observed and classified in terms of housing system
and hygiene standards based on the following four docu-
ments: the SPIWET (Coordinated Program of the Veteri-
nary Inspection) checklists, Annex IV to Regulation No.
2015/1375 of 10 August 2015 laying down specific rules
on official controls for Trichinella in meat [46], Council
Regulation (EC) No. 834/2007 of 28 June 2007 on organic
production and labeling of organic products [47] and the
25 June 2009 Act on organic farming [48]. Four types of
farms were distinguished in the present study: those with
high hygiene standards, those with low hygiene stand-
ards, those with a high level of biosecurity, and organic
farms.

The study included three farms with high hygiene
standards, all of which were located in the Lubelskie
voivodeship. In these farms, the herd size exceeded 200
animals. The pigs had no access to outside pens and con-
tact with the environment was limited. The livestock
buildings were protected from rodents, birds, insects
and companion animals, including cats. All farms imple-
mented rodent and insect control programs and ensured
that the nutritional and microbiological quality of feed
stored in closed silos was appropriate. Outside access to
the livestock buildings was restricted and each visit was
recorded.

The study included 13 farms with low hygiene stand-
ards, all of which were located in the Mazowieckie
voivodeship. On these farms, the herd size did not exceed
50 animals. The pigs had no access to outside pens, but
cats had access to the premises, and in many places,
traces of rodents and insects were visible. In buildings
where feed was stored and in rooms intended for ani-
mals, windows or doors were often left open and not
always secured with a safety net, or the safety net was
damaged.

The study also included one farm with a high level of
biosecurity, and this was located in the Wielkopolskie
voivodeship. On these farms, hygiene conditions were
similar to those required on farms providing controlled
conditions in accordance with Annex IV, Regulation No
2015/1375 of 10 August 2015 [46]. The farms followed
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the “all in—all out” principle. The animals had no access
to a natural environment. The construction of the build-
ings prevented rodents, other mammals and birds from
entering: rodents were prevented from digging into
the area by a concrete area surrounding the building,
the windows were carefully secured with nets and the
lawns were neat and trimmed. In addition, no unneces-
sary objects were stored in the vicinity of the buildings,
the waste bins were carefully closed and their design
protected them from rodents; the site also implemented
a properly-documented pest control program for both
rodents and insects. The animal feed was produced in
accordance with Regulation No. 183/2005 of 12 Janu-
ary 2005 [49]. The feed was stored in tightly-closed silos
that were protected from rodents, and was fed to the ani-
mals automatically, directly from the silos. Each visit was
recorded. Neither outsiders nor companion animals had
access to the livestock buildings.

Finally, the study also included nine organic farms,
which were located in the Kujawsko-Pomorskie voivode-
ship. The organic farms met the conditions of Council
Regulation (EC) No. 834/2007 of 28 June 2007 [47] and
Act of 25 June 2009 on organic farming [48]. The farming
procedures were based on the following principles: selec-
tion of appropriate breeds, which were easily adaptable
to the local conditions (viz. zlotnicka pstra and putawska
breeds); reproduction used natural mating only; the ani-
mals were born on organic farms; farming respected high
animal welfare standards and met species-specific behav-
ioral needs; pigs had access to the environment in open-
air areas; feed originated from organic production and
met the animal nutritional requirements, did not contain
GMOs, and was not produced using GMOs. Animal-
health management was based on disease prevention,
and veterinary treatment was used where appropriate
and under strict conditions.

More detailed data on the location of the tested farms
and the numbers of sampled animals is given in Table 1.

Serum samples
For the analysis of housing system, serum samples were
obtained from 438 finishing pigs aged 6 months. Of
these, 167 were kept on the farms with high hygiene
standards, 115 on the farms with low hygiene standards,
40 on the farm with a high level of biosecurity and 116
on the organic farms. These pigs were sampled randomly
during slaughter (i.e. every third or fifth animal); how-
ever, all pigs from the organic farms were sampled.
Regarding the analysis of age, serum samples were
obtained from 322 pigs of different ages from farms with
high hygiene standards: of these 63 were aged under
3 months, 60 aged 3—4 months and 57 aged 5-6 months
(final fattening stage), as well as 142 sows aged 9 months
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Table 1 Data on location of farms and number of sampled animals
Group Voivodeship Farm Number
number of tested
animals
Finishing pigs on farms with high hygiene standards Lubelskie 1 33
2 35
3 99
Finishing pigs on farms with low hygiene standards Mazowieckie 1 4
2 1
3 17
4 3
5 5
6 2
7 9
8 6
9 6
10 8
1 21
12 10
13 23
Finishing pigs on farm with high level of biosecurity Wielkopolskie 1 40
Finishing pigs on organic farms Kujawsko—Pomorskie 1 11
2 20
3 5
4 8
5 13
6 29
7 1
8 8
9 11
Pigs at <3 months Mazowieckie 1 20
Zachodniopomorskie 2 20
Wielkopolskie 3 23
Finishing pigs at 3-4 months Mazowieckie 1 10
Wielkopolskie 2 20
3 30
Finishing pigs at 5-6 months Wielkopolskie 1 10
2 10
3 10
4 27
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Table 1 (continued)
Group Voivodeship Farm Number
number of tested
animals
Sows at > 9 months Wielkopolskie 1 20
2 4
3 8
4 6
5 3
6 7
7 7
8 8
9 2
10 41
1 1
12 1
13 1
14 1
15 1
16 1
17 30

and older. The pigs aged under 3 months were kept on
three farms located in the Mazowieckie, Zachodniopo-
morskie and Wielkopolskie voivodeships. Those aged
3—4 months originated from three farms: two located
in the Wielkopolskie voivodeship and one located in the
Mazowieckie voivodeship. The pigs aged 5—-6 months
originated from four farms, located in the Wielkopolskie
voivodeship. Finally, the sows aged 9 months and older
originated from 17 farms, located in the Wielkopolskie
voivodeship. For this analysis, the pigs were sampled by
field veterinarians during routine veterinary monitoring
of infectious diseases. Selection was random by the vet-
erinarian, and did not depend on animal health or visual
signs.

In total, for both analyses, serum samples were
obtained from 760 pigs.

Enzyme linked immunosorbent assay analysis

The serum samples were tested with the PrioCHECK®
Toxoplasma Ab porcine ELISA test (Prionics, Switzer-
land) for detecting anti-T. gondii IgG antibodies in por-
cine serum and meat juice with an estimated sensitivity
of 98.9% and specificity of 92.7% [50]. The test was per-
formed according to the manufacturer’s recommenda-
tions. The optical density (OD) was measured with an

ELISA plate reader (Epoch, BioTek, USA) at 450 nm
(reference filter 620 nm). The result for each sample
was calculated using the following formula:

PP — (OD450 nm Sample — OD450 nm NC)
" (0OD450 nm PC — OD450 nm NC)

x 100

where PP is percentage of positivity, NC is the negative
control and PC is the positive control.

The result was considered reliable if the control
sera met the following criteria: mean OD,;, PC>1.2;
mean PP of low positive control>35%; mean OD,g,
NC<0.150. Results with PP >20% were regarded as
positive.

For sera giving positive results at a dilution of 1:50,
two-fold dilutions were made. The sera were tested in
dilutions of 1:100, 1:200, 1:400, 1:800, and 1:1600. The
following antibody titers were determined: <50, 50-99,
100-199, 200-399, 400-799, 800—1599, and > 1600.

Statistical analysis

The seroprevalence of T. gondii in pigs was analysed
with regard to (a) breeding conditions, i.e. compar-
ing pigs from different housing systems or hygiene
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standards, and (b) age. In both cases, a generalized lin-
ear mixed model was used with binomial distribution
and logit binding function.

Two separate models were created. In both models,
the dependent variable was the presence of antibodies in
the serum sample; however, in model (a), the independ-
ent variable was the breeding conditions, while in model
(b) it was the age of the examined animals (<3 months
old; 3—4 months old; 5-6 months old; >9 months old).
The analysed pigs came from 53 farms. The mean num-
ber of pigs tested per farm was 14. Farm ID number was
fitted as a random effect in both models to account for
repeated sampling of individual farms. The farm-type
analysis (model a) was performed only for the slaughter
pigs cohort; however, the age analysis (model b) was per-
formed only with the on-farm cohort of the animals from
the farm with high hygiene standards—this allowed the
influence of breeding method to be to eliminated.

In both models, comparisons between groups were
performed using the Bonferroni adjustment. Statistical
analyses were performed in SPSS software (version 24.0,
IBM Corporation, Armonk, NY, USA).

Results

Antibodies to T. gondii were found in 193 of 760 (25.4%)
tested animals. The highest prevalence was found in pigs
from organic farms (61 out of 116 animals examined;
52.6%), followed by those on farms with low hygiene (47
of 115; 40.9%) and the farm with high hygiene standards
(9 of 167; 5.4%). Anti-T. gondii antibodies were not found
in any of the 40 tested pigs on the farm with the high
level of biosecurity.
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The age group analysis found the greatest prevalence
in sows aged 9 months and older (62 out of 142 exam-
ined animals; 43.7%), with lower levels observed in pigs
aged 5—-6 months (7 of 57; 12.3%) and those aged under
3 months (7 of 63; 11.1%). None of the 60 tested pigs aged
3—4 months had specific antibodies. Detailed informa-
tion on the presence of antibodies and antibody titers in
pigs of different groups is shown in Table 2.

The generalized linear mixed binary model indicated
significant differences in the degree of variation in anti-
body level between pigs from different housing systems
and those from farms with different hygiene standards
(F=17.23; df=3; P<0.001), as well as those of different
age groups (x>=8.18; df=3; P <0.001). No difference was

P<0.001
P<0.001

P<0.001
P<0.001

P=10.007

1 o o =
IS o © <)
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N}

Probability of presence of antibodies to
Toxoplasma gondii

n=40 n= 167

Farms with high
hygiene standards

0.0

Farms with high
level of biosecurity

Farms with low Organic
hygiene standards farms

Housing system

Fig. 1 Mean frequency of antibodies to Toxoplasma gondii and
pairwise comparison with Bonferroni correction (housing systems)

Table 2 Presence of anti-Toxoplasma gondii antibodies in analyzed porcine serum samples

Group Number Number of seropositive Ranges of antibody titers in seropositive animals

of tested animals (dilution 1:50;

animals titer <50) 50-99 100-199 200-399 400-799 800-1599
Finishing pigs on farms with high hygiene 167 9 (5.4%) 8 (4.8%) 0 (0%) 1(0.6%) 0 (0%) 0 (0%)
standards
Finishing pigs on farms with low hygiene 115 47 (40.9%) 17(14.8%) 4(3.5%) 1(09%) 7(6.1%) 5 (4.3%)
standards
Finishing pigs on farm with high level of 40 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
biosecurity
Finishing pigs on organic farms 116 61 (52.6%) 4(345%) 2(1.75%) 10(8.6%) 16(13.8%) 13 (11.2%)
Subtotal: 438 117 (26.7%) 29 (6.6%) 6(14%) 12(27%) 23(53%) 18(4.1%)
Pigs at <3 months 63 7 (11.1%) 2(3.15%) 2(3.15%) 3(4.8%) 0(0%) 0 (0%)
Finishing pigs at 3-4 months 60 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Finishing pigs at 5-6 months 57 7(12.3%) 5(8.8%) 0 (0%) 1(1.75%) 0 (0%) 0 (0%)
Sows at >9 months 142 62 (43.7%) 6 (4.2%) 3(21%) 17 (12%) 9(6.3%) 0 (0%)
Subtotal: 322 76 (23.6%) 13 (4%) 5(1.6%) 21(6.5%) 9(2.8%) 0 (0%)
Total: 760 93 (25.4%) 42(55%) 11(14%) 33(43%) 32(42%) 18(2.4%)
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found between the high biosecurity farms and those with
high hygiene standards (P =0.184; Fig. 1); however, both
groups demonstrated a significantly lower frequency of
antibodies than the farm with low hygiene standards and
the organic farms.

Regarding age, the highest prevalence was observed
in the sows aged 9 months and older. This value was sig-
nificantly higher than in the groups aged under 3 months
and those aged between 5 and 6 months; no significant
difference was found between these two (P=0.792;
Fig. 2). Finally, both groups showed a significantly higher
prevalence of antibodies than those aged 3—4 months.

Discussion
In Europe, the percentage of T. gondii seropositivity
has been found to range from 0 to 64% among pigs for
slaughter and from 3 to 31% in sows [26]. However, no
data exists on the prevalence of anti-T. gondii antibod-
ies in pigs in Poland with regard to housing systems and
the level of hygiene standards on farms. In addition, no
research has been conducted on the prevalence of anti-T.
gondii antibodies in pigs kept on organic farms in Poland.
While ELISA has been proposed as a routine screen-
ing test [10], the method may give false positive results
and false negative results, the former as a result of cross
reactivity from preexisting antibodies; this has been
documented for a closely-related species, Sarcocystis
miescheriana [51]. In both cases, i.e., false positives and
false negatives, this has been attributed to the presence of
interfering substances in the sample [51].
Experimentally-infected sows have been found to
produce IgG class antibodies within two to three weeks
of infection, and these antibodies remained for at least
38 weeks [52]. In pigs, the presence of anti-T. gondii anti-
bodies correlates with the presence of parasite tissue

P<0.001
P<0.001
P<0.001

o
o

P=0.016
P=0.016

o
IS

Probability of presence of antibodies to
Toxoplasma gondii
o
w

0.2
0.1
n=60 n=57
0.0 " "
Pigs <3 Pigs 3-4 Pigs 5-6 Sows 29
months old months old months old months old
Age group

Fig. 2 Mean frequency of antibodies to Toxoplasma gondii and
pairwise comparison with Bonferroni correction (age groups)
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cysts in the muscle tissue [11, 12, 28, 30]; this has been
confirmed by comparing seroprevalence with a bioassay
confirming or excluding the presence of infective tissue
cysts [36]. Elsewhere, Hill et al. [53] found ELISA analy-
sis of pig serum samples to demonstrate a 100% match
with cat bioassay results; they also found MAT (Modified
Agglutination Test) on the serum samples to demonstrate
80.64% match and ELISA on meat juice samples to dem-
onstrate a 76.9% match. Hence, serological methods can
play a valuable role in the diagnosis of T. gondii infections
in slaughtered pigs.

In the present study, the fact that the highest propor-
tion of seropositive animals were found on organic farms
may be related to exposure of the pigs to the natural
environment, which is known to increase the probabil-
ity of T gondii infection [10, 54]. This risk is associated
with a higher probability of ingesting a rodent or coming
into contact with feed, water or soil contaminated with
oocysts [39, 55]. Moreover, rodents may be present in hay
and silage [26]. The high percentage of seropositive ani-
mals identified in farms with low hygiene standards may
be a consequence of inadequate housing protection from
cats and rodents, which may lead to ingestion of oocysts
excreted by cats or ingestion of intermediate hosts of T.
gondii.

The farms with low hygiene standards were character-
ized by high proportion of seropositive animals. This may
be related to the fact that they were small farms with a
small number of animals; such systems are often associ-
ated with particular management practices which can
increase the probability of infection, such as the use of a
continuous cycle and of open food storage [10].

Farms where rodent control programs had been care-
fully implemented demonstrated lower numbers of sero-
positive pigs. Active rodent control programs have been
found to have a positive impact on reducing the number
of pigs presenting specific antibodies; the percentage of
seropositive pigs dropped from 8-17% to 0-10% in three
organic farms where rodent control was implemented for
4 months [56]. The prevalence of antibodies to T. gondii
in pigs is also influenced by the type of rodent control
method [57]: farms implementing programs using traps,
bait and poison have fewer seropositive animals than
those that use cats or dogs to control rodents [45], which
is sometimes the case on organic farms [58]. In fact, the
presence of cats on the farm is an important factor that
increases the probability of infection among pigs [27, 59]:
in previous studies, pigs kept on farms with a mean num-
ber of 6.8 or more cats were found to be more likely to
demonstrate antibodies to T. gondii than those on farms
with a mean number not exceeding 4.6 [2]. In addition,
Feitosa et al. [60] report the presence of specific anti-
bodies in 26.1% (23/88) of pigs on farms with cats, and
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13.7% (14/102) on those without. It is important to note
that farms can also be visited by feral cats [60, 61], and
the lack of cats on the farm, or their small number, does
not guarantee that the soil is not contaminated with T.
gondii oocysts [62]. Interestingly, Limon et al. found the
presence of cats on a farm, or the possibility for them to
access the farm from outside, to not be significantly asso-
ciated with T. gondii infection; however, a significant (2.6
fold) increase in infection risk was observed when cats
had direct access to pig feed [10].

A higher chance of seropositivity was observed in pigs
on organic farms compared to those in the high biosecu-
rity level and high hygiene standards farms. This may be
associated with a higher probability of ingestion of spor-
ulated oocysts resulting from contact with contaminated
soil e.g., during mud bathing or rooting [61]; indeed, the
ingestion of ten sporulated oocysts is sufficient to infect
a pig [26].

Complete elimination of the parasite from the envi-
ronment seems impossible [63]. T gondii DNA has been
found in 17.8% (18/101) of tested soil samples [64] and
in 9.7% (21/216) of samples of fruits and vegetables taken
from shops and home gardens in Poland [65]. In addition,
T. gondii DNA was recorded in 71 out of 243 (29.2%) soil
samples from different sites in France; interestingly, the
percentage of positive results fell from 38.3 to 19.7% as
the distance from farms with cats increased [66]. Mufioz-
Zanzi et al. [67] found oocyst-contaminated soil to be a
source of infection among pigs; anti-1. gondii antibod-
ies were identified in 8.8% (30/340) of pigs, of which 80%
(24/30) had antibodies against the sporozoite-specific
protein (TgERP).

Hill et al. [68] found pigs not housed in total confine-
ment to be 7.7-times more likely to be infected with T.
gondii. Also, van der Giessen et al. [3] claimed that free-
range pigs are almost 16-times more likely to present
specific antibodies than animals from intensive farming,
and twice as likely as pigs from organic farms. Our pre-
sent findings found the prevalence of anti-T. gondii anti-
bodies to be 12-times higher in farms with low hygiene
standards and 19-times higher in organic farms com-
pared to farms with high hygiene standards. In addition,
no specific antibodies were recorded in pigs on the farm
with a high level of biosecurity, and only a low percentage
was noted on farms with high hygiene standards; this was
most likely related to the farm management system and
most importantly, the high level of isolation and hygiene.

Seven of the 63 tested pigs aged under 3 months
(11.1%) demonstrated antibodies to 7. gondii. However,
in pigs of this age, maternal antibodies may still be pre-
sent [69] as they have been found for up to 4 months
under experimental conditions [70]. In contrast, none of
the pigs aged 3—4 months demonstrated antibodies (0%;
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0/60); this may be attributed to the gradual decrease in
the levels of maternal antibodies and the fact that they
are unable to produce their own. The persistence of
maternal antibodies in naturally-infected pigs may differ
from that observed in experimentally-infected animals,
and depends mainly on maternal antibody level: mater-
nal antibodies persist longer in piglets from sows with
higher antibody titers (> 1:500) than from those with low
titers (< 1:50) [71]. Therefore, there is a need for special
attention when assessing the prevalence of anti-T. gondii
antibodies in pigs up to 4 months old, and routine test-
ing of pigs at this age is unjustified due to the possible
presence of maternal antibodies in the blood. Finally,
pigs aged 5—-6 months demonstrated a similar prevalence
of antibodies as those younger than 3 months; however,
this prevalence was lower than observed in the sows aged
9 months and older (43.7%; 62/142).

In the present study, sows aged 9 months were 10 times
more likely to demonstrate antibodies to T. gondii than
pigs aged 5—6 months. These findings indicate a higher
prevalence of 1. gondii-infected sows than in other Euro-
pean countries, where the percentage was found to range
from 3 to 31% [26]. For example, 9.3% of the tested sows
in Miinsterland, Germany were seropositive [72] and
17.3% in Sweden [73]; in Serbia, which for years has had
the highest number of seropositive animals, these values
were 40.9% in 2006 and 30% in 2011 [42, 74].

Sows, pigs from farms with low hygiene standards,
and pigs from organic farms, were more likely to have
high antibody titers (> 1600) than those in other groups;
this may indicate the presence of an acute infection [74,
75]. Animals with high antibody titers are more likely
to present living parasites (tachyzoites) in the blood on
analysis, thus indicating the presence of parasitemia. Its
duration in pigs has not been determined [42]. Low titers
may indicate chronic infection [75].

In Poland, consumption of commercially-produced
and home-made sausages and cold meats is widespread.
There is a high probability that any infection present
in sows may be spread through the production of meat
products, cold meat and sausages [9], as the production
processes do not always inactivate the parasite. Live para-
sites have been isolated from raw sausages [76], raw ham
[77] and Serrano ham [78], and a case of acute toxoplas-
mosis has been recorded after consumption of raw pork
sausage [79].

Studies indicate a greater probability of isolating invasive
tissue cysts at higher antibody titers [80, 81]. For example,
Wang et al. [81] isolated invasive tissue cysts from 23 heart
samples from 233 seropositive pigs: one seropositive at
a serum dilution of 1:100, eight at 1:400, 13 at 1:800, and
one at 1:1600. Specific antibodies were present in 22.2% of
the tested animals. Invasive tissue cysts were found in 170
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heart samples. Invasive tissue cysts were more frequently
isolated from animals with higher antibody titers: 3.7% of
sows with an antibody titer <20, 37.1% with a titer of 20,
38.1% with a titer of 40, 60% with a titer of 80, 75% with a
titer of 200, 77% with a titer of 400, 83% with a titer of 800
and 75.8% with a titer > 2000 [82].

Conclusions

Antibodies to T. gondii were most often found in pigs from
organic and low-hygiene level farms, and in pigs aged
9 months and older. Meat derived from seropositive ani-
mals can pose a potential source of infection for humans.
As maternal antibodies may be present in the blood of pig-
lets up to 3—4 months of age, serological testing for T. gon-
dii is unjustified in piglets up to 4 months of age.
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