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Abstract

The present study evaluated the distribution and viability of Toxoplasma gondii tissue cysts in the organs and Brazilian com-
mercial cuts of experimentally infected pigs. The pigs were infected with 3 x 10° oocysts of the 70 gondii isolate TgCkBr57 (Type
BrlI). Mouse bioassays were performed on the brain, retina, tongue, diaphragm, and heart as well as the following muscle cuts:
loin (longissimus), coppa (longissimus, spinalis dorsi, rhomboideus), tenderloin (psoas major), outside flat (biceps femoris),
topside (semimembranosus), and top sirloin (gluteus medius). Toxoplasma gondii was isolated from the coppa, heart, diaphragm,
and tongue of three pigs; from the tenderloin, outside flat, and brain of two pigs; and from the top sirloin and loin of one pig. Thus,
the viability of 7. gondii cysts was observed in all of the organs and cuts evaluated (except for the topside and retina), demon-
strating the broad distribution of this parasite in pig organs and commercial meat cuts, and the importance of this species as a

source of human infection.

Keywords Bioassay in mice - Pork - Swine - Toxoplasmosis - Viability - Zoonosis

Toxoplasma gondii is one of the most successful parasites in
the world; it is able to infect warm-blooded animals (mam-
mals and birds), including humans. Approximately, one third
of the human population has been exposed to this parasite.
Toxoplasma gondii sexual reproduction occurs in the gut of
felids, which excrete the oocysts in their feces. In the environ-
ment, these oocysts sporulate and become infectious. After the
ingestion of oocysts by an intermediate host, microscopic tis-
sue cysts form in the organs and muscles. Thus, the ingestion
of raw or undercooked meat is one of the main sources of
human infection by 7. gondii, and it is responsible for most
human cases of toxoplasmosis (Dubey 2010).

Pigs are the most efficient production animal reservoirs of
T gondii cysts (Dubey 2009). Epidemiological studies have
shown a high seroprevalence of this parasite in pigs around the
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world (Steinparzer et al. 2015; Samico-Fernandes et al. 2017).
In recent decades, biosafety and biosecurity practices on pig
farms have resulted in a reduction of 7. gondii infection in
confined pigs; however, the increasing demand for organic
pork has caused the free-range pig breeding system to grow,
thereby increasing access of these animals to grassland and
organic material contaminated with feline feces and thus in-
creasing the risk of infection with 7. gondii by ingesting 0o-
cysts (Kijlstra and Jongert 2008).

Studies on the distribution of 7. gondii cysts in pork
have been previously performed (Dubey et al. 1986;
Dubey 1988; Yai et al. 2003; Garcia et al. 2006; Tsutsui
et al. 2007), but there are no recent studies, and no study
has evaluated 7. gondii distribution in Brazilian commer-
cial cuts with an isolate circulating in the country (Type
Brll). Furthermore, whether 7. gondii distribution is influ-
enced by the genotype of the parasite is unknown. In light
of the worldwide epidemiological importance of 7. gondii
transmission through contaminated pork, the present study
evaluated the distribution and viability of 7. gondii tissue
cysts in the organs and Brazilian commercial cuts of ex-
perimentally infected pigs.

Three female Large White x Landrace pigs that were ap-
proximately 90 days old and had previously tested negative for
anti-7" gondii antibodies via an indirect fluorescent antibody
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test (IFAT; Camargo 1964) at a 1:64 threshold (Garcia et al.
1999) were used. The animals were inoculated orally with a
suspension of 3 x 10* oocysts of the TgCkBr57 isolate (Dubey
et al. 2003), Type Brll (Dubey et al. 2008). Throughout the
experiment, the pigs were kept in screened pens, fed rations
formulated according to the basic needs of the species and age
group, and supplied with water ad libitum. Blood collection
was performed weekly to monitor anti-7. gondii serum anti-
body titres. The animals were slaughtered after 60 days and
weighed approximately 90 kg; the brain, retina, tongue, dia-
phragm, and heart were collected, and the carcasses were kept
at 4 °C+0.5 °C for 24 h. The carcasses were subsequently
deboned, and the following commercial cuts were separated
(Fig. 1): loin (longissimus), coppa (longissimus, spinalis dorsi,
rhomboideus), tenderloin (psoas major), outside flat (biceps
femoris), topside (semimembranosus), and top sirloin (gluteus
medius).

To perform the mouse bioassays, the whole organs and
commercial cuts were individually cut into small pieces.
Then, tissue samples of up to 50 g were separated accord-
ing to the protocol described by Dubey (1998). Briefly, the
organs and commercial cuts were grinded in a blender in
five volumes (v/v) of aqueous 0.85% NaCl (saline) and an
aliquot of each sample was collected for a PCR assay. The
resulting homogenate was mixed with the same volume of
prewarmed (37 °C) acid pepsin solution (1.3 g pepsin—
porcine stomach 1:10,000 biological activity; 2.5 g NaCl;
3.5 mL HCI; distilled water to a total volume of 250 mL,
pH 1.1-1.2). The mixture was incubated in a shaking water
bath for 1 h at 37 °C, centrifuged, and neutralized with
1.2% sodium bicarbonate. Antibiotics (2000 units penicil-
lin and 200 pg streptomycin (v/v) were added to a final
suspension of approximately 5 mL, and 1 mL of the ho-
mogenate was inoculated subcutaneously into each of five
2-month-old Swiss albino mice. Instead of centrifuging
only half (250 mL) of the digested and strained

Fig 1 Illustration of Brazilian
commercial pig cuts evaluated in
this study with regard to the
distribution of 7. gondii cysts in
experimentally infected animals.
1) Top sirloin, 2) coppa, 3)
outside flat, 4) topside, 5)
tenderloin, 6) loin
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homogenate, as recommended by Dubey (1988), the whole
homogenate (500 mL) was used to get an increased inoc-
ulum at the end of the process.

Mice showing signs of acute toxoplasmosis (ruffled or
starry stiff coat and hunched appearance or reluctance to
move) were culled using an isoflurane chamber, after se-
dation with an association of xylazine (10 mg/kg) and ke-
tamine (100 mg/kg) administered intramuscularly. The
mice were examined for the presence of 7. gondii
tachyzoites in the lungs and cysts in the brain, as described
by Dubey (2010). Mice that survived for 6 weeks post-
inoculation (p.i.) were examined serologically using the
modified agglutination test (MAT) according to the proto-
col described by Dubey and Desmonts (1987). Briefly, di-
lution of the sera was performed in a microplate (96 wells)
using buffered saline (0.146 M NaCl, 0.0026 M NaH,PO,,
0.008 M Na,HPO,, pH 7.2). Subsequently, 150 uL of an-
tigen stock (formalin-fixed whole tachyzoites) was diluted
in 2.5 mL buffered alkaline solution (0.12 M NaCl, 0.05 M
H;BO;, 0.03 M NaNj3, 0.4% bovine serum albumin,
pH 8.95), 35 uL of 0.2 M 2-mercaptoethanol and 50 pL
of 0.2% Evans Blue. This mixture was homogenized and
immediately distributed into a U-bottom microplate, with
25 uL of reagents per well. Diluted sera were transferred to
this microplate and mixed with the reagents (v/v). The plate
was sealed and incubated overnight at 37 °C in a moist
incubator. To confirm MAT results, the mice were eutha-
nized as described, and they were examined for the pres-
ence of 7. gondii cysts in the brain.

The presence of 7. gondii DNA in organs and meat
cuts from pigs was assessed using both nested and classi-
cal PCR protocols targeting a specific 155-bp fragment of
the B1 gene (Yai et al. 2003) and the 529-bp RE repetitive
fragment (Homan et al. 2000) of the 7. gondii genome.
DNA extracted from tachyzoites of the 7. gondii reference
strain RH was used as a positive control. The cytochrome
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b (cytb) genes of the vertebrate animals were used as
endogenous control, as described by Parson et al. (2000).
The three inoculated pigs became infected with 7. gondii,
as demonstrated by the MAT results and mouse bioassays.
Toxoplasma gondii antibody seroconversion was detected at
the collection performed on day 14 p.i., and the titres ranged
from 64 to 1024 during the experimental period (Fig. 2).

With regard to the commercial cuts, 7 gondii was isolated
from the coppa of the three pigs, from the outside flat and
tenderloin of two pigs, and from the top sirloin and loin of
one pig. No parasites were isolated from the topside. Parasites
were isolated from the heart, diaphragm, and tongue of three
pigs and from the brains of two pigs The retinal samples did
not cause any infection in the mouse bioassays (Table 1).

Ofthe 165 inoculated mice, 61 were infected with 7 gondii
(37%) and among these, 44 animals were acutely infected
(72%) and 17 (28%) were chronically infected. The pig tissues
had viable parasites that infected at least one mouse inoculated
with the homogenate from one of the pigs, demonstrating the
broad distribution of the parasite and the risk to the human
population associated with consumption of pork contaminated
with T gondii. A total of 73% (11 infected/15 inoculated) of
the mice were infected when inoculated with the coppa ho-
mogenates of the three pigs, and 67% (10 infected/15 inocu-
lated) were also infected when inoculated with the tongue
homogenates of the three pigs. The coppa is one of the most
consumed pork cuts in Brazil, and pork tongue is also widely
used in Brazilian cuisine.

Toxoplasma gondii DNA was not detected in the tissues
of pigs tested by PCR amplification of the B1 gene or the
529-bp RE fragment. The cytb gene was amplified in all
the DNA samples, indicating successful extraction of the
genetic material from the samples and the absence of PCR
inhibitors.

Dubey et al. (1986) evaluated the distribution of
T gondii cysts in the cuts and organs of two pigs experi-
mentally infected with strain GT1 (Type I). Toxoplasma

Fig 2 Titers of anti-Toxoplasma 1280
gondii 1gG antibodies in three —
pigs challenged with 3 x 10° 2
oocysts of the Brazilian strain - 1024
TgCkBr57 (Type Brll) B
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gondii was isolated from the tongue, diaphragm, heart,
and brain of 100% of the pigs, a result that is similar to
that of the present study, with the exception of the brain,
which was infected in only 66% of the pigs. With regard to
the commercial cuts, parasites were isolated from the ham
of two pigs and the loin of one pig. In addition to other
cuts, the ham includes the top sirloin, topside, and outside
flat, which were evaluated separately in the present study;
putting these cuts together, 7. gondii was isolated in two of
the three pigs evaluated (66%).

In another study, Dubey (1988) infected 16 pigs with the
T gondii strains GT-1 (Type I), ME-49 (Type II), TS-2, and
TC-2, and 14 became infected. The largest number of isolates
was collected from the brain (12 animals), followed by the
heart (11 animals), tongue (10 animals), and diaphragm (6
animals). In the evaluation of muscle cuts, parasites were iso-
lated from the ham of five pigs.

Toxoplasma gondii was isolated from all of the animals in
the present study. This is different from the results obtained by
Yai et al. (2003), who isolated 7. gondii from only four of eight
pigs experimentally infected with the AS-28 strain.
Importantly, the dose used by Yai et al. (2003) was higher than
that used in the present study, and it was from a different
isolate. These authors isolated parasites from the retina of
two pigs, but no parasites were isolated from the brains, which
was an unexpected result.

Garcia et al. (2006) infected 10 pigs with the 7. gondii
strain VEG (Type III) and performed mouse bioassay with
brain tissue and a mixture of masseter muscle and organs
(tongue, masseter, diaphragm, and heart). Toxoplasma gondii
was isolated from the brain in eight pigs and from the
masseter/organ mixture in 10 animals. This result is similar
to that of the present study, as parasites were not isolated from
the brain of all the pigs, but when evaluating the organs to-
gether (tongue, masseter, diaphragm, and heart) parasites were
isolated from all the pigs. Tsutsui et al. (2007) also infected 10
pigs with the 7. gondii strain VEG (Type I1I) and, using mouse
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Table 1 Number of infected/

inoculated mice (%) according to No. pig

the bioassay of organs and ]

Brazilian commercial meat cuts of 1 2 3 Total of mice

pigs experimentally infected with

a Brazilian strain of Toxop[asma Commercial cut TOp sirloin 0/5 (0) 5/5 (100) 0/5 (0) 5/15 (33)

gondii (TgCkBr57, Type Brll) Coppa 5/5 (100) 4/5 (80) 2/5 (40) 11/15 (73)
Outside flat 3/5 (60) 4/5 (80) 0/5 (0) 7/15 (47)
Topside 0/5 (0) 0/5 (0) 0/5 (0) 0/15 (0)
Tenderloin 1/5 (20) 1/5 (20) 0/5 (0) 2/15 (13)
Loin 0/5 (0) 3/5 (60) 0/5 (0) 3/15 (20)

Organs Brain 3/5 (60) 2/5 (40) 0/5 (0) 5/15 (33)

Heart 4/5 (80) 1/5 (20) 2/5 (40) 7/15 (47)
Diaphragm 2/5 (40) 5/5 (100) 4/5 (80) 11/15 (73)
Tongue 1/5 (20) 4/5 (80) 5/5 (100) 10/15 (67)
Retina 0/5 (0) 0/5 (0) 0/5 (0) 0/15 (0)

bioassays with meat cuts, they isolated the parasite from five
pigs; isolates were retrieved from the ham of four pigs and
from the loin of three pigs. All the animals developed anti-
T. gondii antibodies, and the range of titres was similar to that
found in the present study (64—1024).

The markers used in the present study for 7. gondii
DNA detection are widely used in the scientific literature,
but they have limitations in chronically infected animals,
since the cysts are not homogeneously distributed in the
tissues. In contrast to the present study, Yai et al. (2003),
Garcia et al. (2006), and Tsutsui et al. (2007) detected
T. gondii from 63% (5/8), 100% (10/10), and 70% (7/10)
of animals, respectively, using the same molecular methods
but some differences should be considered, as the animals
used by Garcia et al. (2006) and Tsutsui et al. (2007) were
treated to promote encystation of the parasite; possible bi-
ological changes in the VEG strain after successive pas-
sages since its isolation in 1996 (Dubey 1996) and natural
biological differences between strains may also have
caused differences in the results.

Viable T. gondii cysts were isolated in all of the organs and
cuts from pigs evaluated in the present study, except for the
retina and topside. These findings demonstrate the broad dis-
tribution of this parasite in pigs and the importance of this
species as a source of infection in humans. Toxoplasma gondii
cysts are sensitive to traditional cooking (i.e., temperatures
above 60 °C; Dubey et al. 1990) and are inactivated when
the meat reaches — 12 °C during freezing (Kotula et al.
1991). Our results confirm the need for special attention to
the preparation of these meats for human consumption.
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