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Abstract
The present study aimed to isolate and genotype strains of T. gondii from pigs slaughtered for human consumption in South
Brazil. Blood and tissues (heart, diaphragm, liver, tongue, and masseter) from 400 animals were collected at two slaughterhouses.
Sera were obtained, and antibodies against T. gondii were detected by both indirect fluorescence antibody test (IFAT) and
modified agglutination test (MAT). The tissues of animals that tested positive in MAT, IFAT, or both (cut-off ≥ 64) were
bioassayed. Twenty-six (6.5%) of the 400 animals were positive by serology. A total of 18 (69.2%) out of those 26 were positive
in the mouse bioassay. The isolates were characterized by using 10 PCR-RFLP genetic markers. Fourteen isolates were fully
genotyped, and four isolates were genotyped using nine of the 10 markers. All isolates belonged to ToxoDB PCR-RFLP
genotype #206. The present study reports on genotype #206 in pigs for the first time, and it confirms the atypical nature of the
Brazilian T. gondii isolates. Additionally, even with low levels of antibodies detected in pig herds, pork presents a T. gondii
infection risk for humans.
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Introduction

Toxoplasma gondii is an obligate intracellular protozoan parasite
that infects most warm-blooded animals and causes toxoplasmo-
sis, a zoonotic disease with a worldwide distribution (Boothroyd
et al. 1998; Dubey and Beattie 1988). Epidemiological studies
suggest that the ingestion of cysts from raw or undercookedmeat
and raw pork sausage is one of the most common means of
T. gondii transmission in the human population (Dubey 2009;
Fialho and Araújo 2003; Jamra et al. 1969; Navarro et al. 1992).
Furthermore, T. gondii is the fourth leading cause of deaths

attributed to foodborne pathogens, responsible for approximately
24% of all such deaths in the USA (Scallan et al. 2011). In
Europe, 40 cases of confirmed congenital toxoplasmosis cases
were reported in 2012, and toxoplasmosis remains one of the
most prevalent parasitic zoonotic diseases (ECDC 2014). Of all
human infections, 30% to 63% are related to consuming
undercooked meat or meat products, mainly from pork (Djokic
et al. 2016).

The detection of T. gondii in meat using current methods of
sanitary inspection is highly challenging (Dubey and Jones
2008), and advances in genotyping techniques, such as
PCR-RFLP (10 markers), have revealed greater complexity
not only in Central and South America but also in North
America; therefore, prevention, control, and knowledge of
its epidemiology are very important for public health.
Furthermore, studies evaluating the genetic characteristics of
this parasite at a high resolution should be performed to elu-
cidate the role of pigs in the transmission of T. gondii to
humans and to investigate the population structure of this
parasite, considering that approximately 62% cases of congen-
ital toxoplasmosis caused by T. gondii genotypes have been
previously reported in animals (Carneiro et al. 2013). Thus,
the present study aimed to isolate and genotype strains of
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T. gondii from the tissues of pigs slaughtered for human con-
sumption in Paraná state, South Brazil.

Materials and methods

Sample collection

The samples were collected from two swine slaughterhouses
with official inspection services located 40 km apart from each
other in north Paraná state, south Brazil. A total of 400 pigs
were used, 140 from one slaughterhouse and 260 from the
second. Pigs came from nine farms (n = 19, 48, 41, 50, 60,
42, 55, 55) from Paraná state and two farms (n = 15, 15) from
Santa Catarina state. Samples were collected from August/
2013 to March/2014. Blood and tissue samples (heart, dia-
phragm, liver, tongue, and masseter) were collected individu-
ally and transported under refrigerated conditions to the labo-
ratory. Sera were obtained and tested for T. gondii antibodies
using the indirect fluorescence antibody test (IFAT) and the
modified agglutination test (MAT) within 24–48 h. The meat
samples with positive sera in at least one of the serological
tests were subjected to mouse bioassays no more than 24 h
after sampling. The experiments conducted in this work com-
ply with current Brazilian regulations and were approved by
the Ethics Committee on Animal Use at the State University
of Londrina (CEUA/UEL) permit no. 206/12.

Serological tests

Sera from pigs were tested for the presence of anti-T gondii
IgG antibodies using IFAT and MAT, according to the
protocols from Camargo (1964) and Desmonts and
Remington (1980), respectively. Serum sample from previ-
ously known positive and negative animals were included as
controls. A cut-off titer of ≥ 64 (Garcia et al. 1999) was used
for both tests. Tachyzoites of the RH strain were used to per-
form both tests.

Mouse bioassay

Tissue samples from serum-positive pigs (IFATorMAT) were
subjected to mouse bioassay according to the protocol de-
scribed by Dubey (1998). Briefly, a mix of tissues (10 g each
of heart, diaphragm, liver, tongue and masseter, a total of 50 g)
were subjected to peptic digestion and neutralized with sodi-
um bicarbonate, and the homogenate was inoculated subcuta-
neously (1 ml per mouse) in three Swiss Webster mice. Mice
were observed daily, and those who developed symptoms
(bristly hair, tearing, weight loss, diarrhea, and abdominal dis-
tension) were euthanized for collection of peritoneal fluid and
tachyzoites. In case of death of the mouse, an impression of
brain, liver, and lung between the slide and the cover slip was

used for detecting cysts or tachyzoites, and those organs were
macerated and re-inoculated into another mouse. Mice that
survived until 6 weeks post-inoculation (p.i.) were euthanized.
IFAT was used as the serological test for anti-T. gondii, and
brain and lung tissues were analyzed for the presence of cysts
or tachyzoites, respectively. Mice were considered positive
when titers were ≥ 16. A brain squash specimen was prepared
between the slide and the cover slip for microscopic examina-
tion. Mouse bioassay data were analyzed by the standard
Kaplan–Meier survival curves, using the computer program
GraphPad Prism.

DNA extraction and PCR

Mice that tested positive for T. gondii in the acute and chronic
stage of infection had their lung, liver, heart, and brain tissues
collected 45 days after bioassays. DNA was extracted from
these tissues using a commercial kit (PureLinkTM Genomic
DNA Kit, Invitrogen ® USA) following the manufacturer’s
instructions. These samples were subjected to PCR to confirm
infection by T. gondii. Amplification of DNA from T. gondii
was performed according to the technique described by
Homan et al. (2000) with no modifications. TOX-4 and
TOX-5 primers were used to amplify 529-bp repeat element.
A suspension of RH strain tachyzoites (104 tachyzoites/mL)
was used as the positive control, and ultrapure water was used
as negative control.

Genotyping

Genotyping was performed by PCR-RFLP using 10 genotyp-
ic markers, including SAG1, SAG2 (5′-3′ SAG2 and alt.
SAG2), SAG3, BTUB, GRA6, c22-8, c29-2, L358, PK1,
and Apico, as previously described by Su et al. (2006) with
no modifications. DNA from strains GT1, PTG, CTG,
TgCgCa1, MAS, TgCatBr5, TgCatBr64, and TgRsCr1 were
used as positive controls.

The target DNA sequence was first amplified by multiplex
PCR using external primers for all markers, and then subjected
to nested PCR for individual markers. The nested PCR prod-
ucts were digested with restriction enzymes under temperature
and time conditions specific for each marker. All products
were visualized by electrophoresis on a 2.5% or 3% agarose
gel, stained with Sybr Safe DNA Gel Stain and visualized
using the Safe Imager ™. The results were identified, com-
pared, and ranked according to the genotypes present in the
ToxoDB. The evolutionary history was inferred from a phy-
logenetic network by the neighbor-joining method using
SplitsTree 4.0 (Huson and Bryant 2006). The patterns of ge-
notypic data from PCR-RFLP were transformed into binary
data and tabulated. The phylogenetic tree was constructed
using the genotype isolated in the present study and others
in ToxoDB.
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Statistical analyses

The levels of agreement between the serological tests (IFAT
and MAT) were evaluated using the kappa agreement (Landis
and Koch 1977).

Results

Antibodies against T. gondii were detected in 6.5% (26/400)
of the pigs tested either by IFATor byMAT. Themost frequent
titers by IFAT were 256 (1.75%) and 64 (1.25%). In MAT,
5.0% (20/400) tested positive with a titer of 64. Of those 26
positive animals, 9 (34.6%) and 6 (23.07%) were positive in
MAT and IFAT, respectively, and 11 (42.3%) were positive in
both tests. The kappa agreement between the two tests was
considered moderate (k = 0.57; standard error = 0.0989; 95%
CI 0.3812 to 0.769).

T. gondii strains were isolated from the tissues of 18 out of
26 (69.2%) seropositive pigs by mouse bioassay (Table 1). All
isolates (18) were confirmed to be T. gondii based on PCR
amplifying an amplicon of 529 bp. From these isolates, 11
(61.1%) had only tachyzoites, 6 (33.3%) had both tachyzoites
and bradyzoites, and 1 (5.5%) had only bradyzoites. The vir-
ulence of the strains was evaluated, and 16.6% of the T. gondii
isolates were highly pathogenic to mice. These strains exhib-
ited a 100%mortality rate (Fig. 1), with deaths ranging from 8

to 18 days p.i., and the average death occurring at 6.5 days p.i.
(61.1%).

The origin of the seropositive slaughtered pigs was
traced, and it was found that all of the pigs were from 2
out of 11 farms. These two farms are 300 km from each
other and do not trade pigs with each other. Investigating
these two properties, it was possible to determine that
farm-1 was responsible for the eight seropositive animals
from which T. gondii was not isolated via mouse bioassay,
representing a total of 1500 pigs and 470 sows, being a
commercial farm attending to biosecurity rules for the pur-
pose of providing pig products for human consumption.
Farm 2 was responsible for all 18 seropositive animals
from which T. gondii was isolated by mouse bioassay.
Farm 2 was a small-scale farm with a herd of 300 pigs
and 50 sows. The source of water was spring water and
food (a mix of corn and soybean) was prepared on site
without rodent or cat control programs; therefore, the food
was not protected from these pests, and no biosecurity
measures had been implemented.

According to PCR-RFLP, a new genotype ToxoDB#206
was identified in 14 isolates. The other four isolates were
genotyped at 9 out of the 10 markers, and the available typing
data indicate that they were likely an atypical strain of geno-
type no. 206 (Table 2). Clonal types I, II, and III were not
detected in this study (Table 2). The phylogenetic tree of
T. gondii isolates from pigs is shown in Fig. 2.

Table 1 Biological characteristics of T. gondii isolated from pigs (Sus domesticus) by mouse bioassay

Pig no. IFAT Positive micea/inoculated mice Mortality (%) Day of death p.i. Tachyzoites Tissue cysts

191 256 < 16 3/3 3 (100) 8,9,12 + –

192 64 < 16 3/3 2 (66.6) 10,18 + –

193 256 ≥ 64 3/3 2 (66.6) 6,8 + +

197 256 ≥ 64 3/3 3 (100) 16,16,17 – +

198 1024 ≥ 64 3/3 2 (66.6) 12,13 + –

203 256 16 2/3 2 (66.6) 8,16 + –

205 64 < 16 3/3 2 (66.6) 13,14 + +

212 16 ≥ 64 3/3 3 (100) 14,16,18 + –

220 256 ≥ 64 3/3 1 (33.3) 8 + –

222 256 ≥ 64 2/3 2 (66.6) 8,20 + –

225 < 16 ≥ 64 2/3 1 (33.3) 16 + –

226 < 16 ≥ 64 3/3 2 (66.6) 10,11 + +

228 1024 ≥ 64 2/3 1 (33.3) 8 + +

234 < 16 ≥ 64 1/3 1 (33.3) 8 + –

235 1024 ≥ 64 3/3 2 (66.6) 8,13 + –

236 < 16 ≥ 64 3/3 2 (66.6) 12,14 + –

240 < 16 ≥ 64 3/3 1 (100) 16 + +

246 1024 ≥ 64 2/3 1 (33.3) 8 + +

p.i. post-inoculation
a Positive mice were either by parasite detection in their tissues or through positive IFAT (cut-off ≥ 16)
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Discussion

The total serum occurrence from pigs in our study was
6.5% (26/400), which was lower than in previous studies
(Tsutsui et al. 2003; Garcia et al. 1999). This result is sub-
stantial because nearly 32 million pigs are slaughtered in
Brazil per year (ABIPECS 2012), and based on the preva-
lence presented here, it is possible that up to almost 2.1
million T. gondii infected pigs can enter the Brazilian food
chain or could be exported each year. Hill et al. (2010)
described that a single market weight pig (113 kg) yields
620 individual 113 g servings. Even when one-half of the
harvested meat is processed (salting, cooking, freezing,
etc.) by methods that are known to kill T. gondii (Hill
et al. 2010), we can speculate that nearly 644,000,000 in-
dividual 113 g servings of T. gondii-infected pork are
available for consumption in Brazil.

The 6.5% prevalence of T. gondii obtained using serolog-
ical tests in this study was similar to the prevalence in South
Brazil, as described by Carletti et al. (2005) and De Moura
et al. (2007). These authors used IFAT and observed a preva-
lence of 4.0% and 8.5% respectively. Likewise, Da Silva et al.
(2008) and Djokic et al. (2016) reported a prevalence of 7.2%
and 6.9%, respectively, using only MAT. In Brazil, studies in
pigs from slaughterhouses detected a prevalence of anti-
T. gondii antibodies ranging from 4.0% to 54.3% (Carletti
et al. 2005; Dos Santos et al. 2005; Cademartori et al. 2014;
Bezerra et al. 2009; Fernandes et al. 2015). Around the world,
the seroprevalence of T. gondii varies dramatically from 0% to
94% (Alvarado-Esquivel et al. 2011; De Sousa et al. 2006;
Dubey and Jones 2008; Dubey 2009; García-Bocanegra et al.
2010; Klun et al. 2011; Veronesi et al. 2011). These results
could be explained due to differences in the region, the cate-
gory of animals, diagnostic methods used, cut-offs used,

Table 2 Genotyping of Toxoplasma gondii isolates obtained from pigs (Sus domesticus) slaughtered for human consumption in South Brazil

Isolate Markers Genotype

SAG1 SAG2 alt.SAG2 SAG3 BTUB GRA6 c22–8 c29–2 L358 PK1 Apico

191, 192, 193, 197,
203, 212, 220, 222,
225, 228, 234, 235,
236, 246.

u-1 I II III III III II III I III I ToxoDB no. 206

198 u-1 I II III nd III II III I III I Likely no. 206

205 u-1 I II III III III II III I nd nd Likely no. 206

226 u-1 I II III III III II III I nd I Likely no. 206

240 u-1 I II III III III II III I III nd Likely no. 206

nd no data
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climate, socioeconomic factors, production systems (indoor
pigs with a biosecurity system versus free-range), and cultural
factors, all resulting in highly variable seroprevalence values
for T. gondii (Dos Santos et al. 2005; Fialho et al. 2009).

In the present study, the meat of 69.2% of the seropositive
pigs (18/26) was infected by T. gondii, different from previous
studies in Brazil; 62.5% in Rio Grande do Norte state
(Clementino- Andrade et al. 2013), 47.2% in Rio Grande do
Sul state (Cademartori et al. 2014), 25% in São Paulo state
(Dos Santos et al. 2005), 35.1% in Paraíba state (Feitosa et al.
2014), and 2% in Pernambuco state (Fernandes et al. 2015).

The results of our genotype analysis revealed the presence of
a single genotype no. 206 in the 18 isolates. Genotype no. 206 is
an atypical genotype, and it is phenotypically closer to BrIVand
no. 65 Brazilian isolates. This is the first description of genotype
no. 206 in pork; however, it has been described previously in
newbornswith ocular lesions in theMinasGerais state (Carneiro
et al. 2013), 982 km from the region where our study was
performed. Additionally, the same genotype was described in
chickens in the Espírito Santo state (Pena et al. 2013), which is
approximately 1200 km away. One of the most important rea-
sons to isolate and genotype isolates from T. gondii is to char-
acterize the transmission relationship between animals and

human beings; thus, for genotype no. 206, chickens and pigs
could be the sources of infection for ocular toxoplasmosis.

This genotype can be highly or intermediately virulent to
mice, and as presented in Table 2, the mortality rate was
61.1% (54/33). Carneiro et al. (2013) and Pena et al. (2008)
determined genotype no. 206 to be virulent in mice because of
the high mortality rates; however, mouse virulence depends on
several factors, including the stage of the parasite, route of trans-
mission, dose, types of mice used, and strain of the parasite. In
the present study, the mice were inoculated intraperitoneally, a
route that can increase parasite virulence (Dubey et al. 2002).

Pork plays an important role in T. gondii transmission be-
cause it is one of the most commonly consumed meats around
the world. The current emerging market trends of organic and
environmentally conscious animal-friendly farming systems
can increase exposure to infection by pig’s outdoor access as
indicated by studies (Bacci et al. 2015; Herrero et al. 2016;
Kijlstra and Jongert 2008; Pipia et al. 2018; van der Giessen
et al. 2007; Wallander et al. 2016). Furthermore, a high prev-
alence may indicate greater environmental contamination, and
a flawed technical production system combined with inade-
quate sanitary management can facilitate contact with felines
and rodents (Fernandes et al. 2015).
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The isolates of T. gondii obtained from pig tissues at
the present study were all from a small familiar farm with
poor sanitary control and presence of cats, chicken, and
dogs. This is likely to be the reason of high level of
T. gondii in those animals as described by Djokic et al.
(2016) where small farms presented elevated toxoplasmo-
sis risks.

No test is able to detect antibodies against T. gondii with
100% accuracy (Basso et al. 2013), but the use of IFAT and
MAT in parallel may improve detection of antibodies anti-
T. gondii (Vieira et al. 2018) and consequently to increase
the isolation rate. We credited the high isolation rate (69.2%)
obtained here because of the sampling of different tissues
(heart, diaphragm, liver, tongue and masseter), as suggested
by Dubey and Jones (2008). A cut-off titer of ≥ 64 was
established to prevent false-positive results caused by cross-
reactions (Garcia et al. 1999).

More studies are needed to investigate the circulation of
T. gondii in other animal species and its relationship to pigs,
especially related to human transmission, due to the high zoo-
notic potential of this genotype. Given that T. gondii in Brazil
is highly diverse, the mechanisms that allow a single genotype
to be transmitted in a large area are important for future
investigations.

Conclusions

In summary, pig herds, even those with a low seropreva-
lence of antibodies against T. gondii, are still an important
source of T. gondii infection in humans. Additionally, pig
management systems may contribute to risk factors for
T. gondii infection and should be examined further. This
is the first report of the genotype no. 206 of T. gondii in
pork.
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