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ABSTRACT

Toxoplasma gondii infects warm-blooded animals, including humans, and the ingestion of undercooked meat of
infected animals is an important source of infection. We investigated the presence of T. gondii by PCR and his-
topathology in tissues of 25 seropositive sheep slaughtered for human consumption in Rio de Janeiro and
assessed the suitability of different tissues for molecular detection of the parasite. The animals were first screened
for T. gondii antibodies by MAT (Modified Agglutination Test), and tissues of seropositive sheep (brain, heart,
lungs, kidneys, liver and diaphragm) were subjected to molecular and histological examination. A nested-PCR
targeting the P43 gene of T. gondii was performed, and kappa Coefficient was used to assess PCR results
among tissues. DNA of the parasite was detected in 60 % (9 of 15) of the animals. and tissue pairs of lungs/heart,
lungs/diaphragm or heart/diaphragm had substantial agreement with the global status of the animals. The
combination between these three tissues leads to an almost perfect agreement with global status results. Sheep
slaughtered for human consumption in Rio de Janeiro, Brazil are infected with T. gondii, and pairs of fragments of
lungs and heart, lungs and diaphragm or heart and diaphragm could be used for molecular identification of

T. gondii in sheep with substantial agreement with the global status of the animals.

1. Introduction

Toxoplasma gondii is a ubiquitous parasite that infects warm-blooded
animals, including humans, and it is estimated that one-third of the
human population worldwide is chronically infected (Dubey, 2010). The
disease typically involves a transient acute phase caused by the rapid
and systemic replication of tachyzoites followed by a latent life-long
stage in which bradyzoites persist within tissue cysts. It is generally
well resolved in immunocompetent individuals but might lead to death
by encephalitis in immunocompromised patients (Dubey, 2010). Also,
congenital toxoplasmosis might occur in primarily infected women and
lead to serious manifestations (Dubey, 2010). The ingestion of under-
cooked meat and meat products of infected animals, including sheep, is
an important way of transmission to humans since they may harbor
viable T. gondii cysts (Dubey et al., 2020).
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Prevalence of antibodies anti-T. gondii among humans in Rio de
Janeiro state, Brazil is high (up to 84 %), as well as among different
species of farm animals, including pigs (20.6 %), cattle (49.4 %),
chickens (54.5 %), sheep (53.3 %) and ratites (40.4 %) (Bahia-Oliveira
et al., 2003; Ribeiro et al., 2008; Frazao-Teixeira et al., 2011; Frazao-
Teixeira and Oliveira, 2011; Dubey et al., 2012; Cosendey-KezenLeite
et al., 2014; Gallo et al., 2019). In sheep, rates ranged from 38 to 53 %,
with most Modified agglutination test (MAT) titers above 1:100
(Luciano et al., 2011; Cosendey-KezenLeite et al., 2014), associated with
persistent infection and increased potential to harbor viable parasites
(Dubey, 2010). People who ingest sheep tissues in this region might be
exposed to infection, what has led us to investigate the presence of
T. gondii in tissues of seropositive sheep slaughtered for human con-
sumption in Rio de Janeiro. Also, we assessed the suitability of tissues
individually for molecular detection of the parasite, in order to identify
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tissues that may be representative of the animal’s positivity.
2. Material and methods

2.1. Ethics

This study was submitted to the Animals Ethics Committee of Uni-
versidade Federal Fluminense (UFF), Niter6i, RJ, Brazil, and approved
under license # 0011109.

2.2. Sample collection and processing

Sheep from Rio de Janeiro, Brazil and slaughtered for human con-
sumption were screened for IgG antibodies anti-T. gondii by the modified
agglutination test (MAT) and tissues of 15 seropositive females pre-
senting reproductive disorders were submitted to an investigation of
T. gondii DNA by PCR. Sampling was not randomized and animals were
chosen by their reproductive disorders status and seropositivity for anti-
T. gondii antibodies. The 15 seropositive animals were selected from the
292 ewes screened in the group’s previous work (Cosendey-KezenLeite
et al., 2014).

Blood and tissues were collected by convenience during slaughter by
venipuncture of a jugular vein in 10 mL tubes without anticoagulant and
sent to the laboratory in isothermal containers at 5 °C. Blood samples
were centrifuged at 1,000 x g for 10 min, sera removed and stored at 20
°C until submission to serological tests. Fragments of brain, heart, lungs,
kidneys, liver and diaphragm were collected and part of these samples
was kept at -20 °C for DNA extraction and another part in 10% buffered
formalin for histopathology.

2.3. Modified agglutination test (MAT)

Serologic testing of sheep was performed by the MAT according to
Dubey and Desmonts (1987). In short, sera were diluted in phosphate
buffered saline (PBS) pH 7.2 and those with agglutinating activity at a
dilution of 1:25 were considered positive (Sousa et al., 2009). Additional
dilutions were tested in the ewes screened in the group’s previous work
(Cosendey-KezenlLeite et al., 2014).

The antigen was constituted by formalin-fixed T. gondii tachyzoites of
the RH strain and the test was performed in U-shaped 96-well plates,
where 25 pL of the antigen solution was mixed with 25 pL of the pre-
viously diluted sera. The positive control was serum from a mouse
experimentally infected with T. gondii. The negative control was serum
from a mouse known to be negative for T. gondii infection. Both controls
were added to the test and incubated at 37 °C for 12 hours. Results were
based on the sedimentation profile of the tachyzoite suspension, where
the formation of a blue button means negative and a clear bottom means
positive.

2.4. Polymerase chain reaction (PCR)

Tissue fragments of approximately 25 mg were submitted to DNA
extraction using Qiagen’s DNeasy® Blood and Tissue kit following the
manufacturer’s recommendations. A nested-polymerase chain reaction
(nPCR) targeting the P43 gene of T. gondii was performed using the
following primer set described by Grigg et al. (2001): CAACTCTCAC-
CATTCCACCC and TCTTGTCGGGTGTTCACTCA (external primers) and
GCGCGTTGTTAGACAAGACA and CACAAGGAGACCGAGAAGGA (in-
ternal primers). In the first amplification round, 5 pL of extracted DNA
samples was added to PCR mix and, in the nested round, 1 pL of round 1
products. Both rounds used 5 pL of PCR buffer in a final volume of 50 pL
containing 15 mM MgCly, 0.1 mM dNTP mix, 10 pmol of each primer,
and 1.5 U of Taq DNA polymerase. Each of the 35 cycles consisted of
94°C for 30 secs, 60°C for 30 s, and 72°C for 30 s.

Controls for extraction and nPCR steps were included, as follows. For
the extraction step, an infected mouse lung fragment was included as a
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positive control and non-infected mouse lung fragment as a negative
control. These extracted DNA samples were inserted in the first PCR
round along with another positive control (DNA sample known positive
for T. gondii) and another negative control (PBS as template). In the
nPCR round, we included an extra negative control using PBS as a
template. The controls were included in each reaction and amplification
products were separated by electrophoresis in a 2% agarose gel visual-
ized by UV transillumination. For staining of the amplicons we used
GelRed (Biotium, Hayward, CA, USA), following the manufacturer
specifications.

2.5. Histopathology

Tissue fragments fixed in 10% buffered formalin were also routinely
processed in paraffin for light microscopy, according to Silva et al.
(2013).

2.6. Statistical analysis

All PCR results for individual tissues were combined into a single
global status where animals were classified as negatives only if all in-
dividual PCR results were also negative. For this analysis we used only
the 15 sheep in which we had all tissues available. Kappa Coefficient was
used to measure agreement between each pair of PCR results for indi-
vidual tissues and also between a PCR result and animal global status. A
significance level of 0.05 was adopted for testing hypothesis of agree-
ment randomness in each comparison using McNemar test. The analysis
was done using the SPSS software (Statistical Package for Social Science,
version 18).

3. Results

Toxoplasma gondii DNA was detected in tissues of 60% (9/15) of the
seropositive sheep, and lung, and heart were the most prevalent (4/15;
26.7%), followed by brain and diaphragm (3/15; 20.0%), kidney (2/15;
13.3%) and liver (1/15; 6.7%) (Table 1). Kappa coefficients indicated
only a fair agreement between PCR results of brain, lung, heart and
diaphragm separately and those of animal global status, while only a
slight agreement was observed between liver and the same status
(Table 2). In these comparisons, most hypotheses of random distribution
of disagreements were rejected, indicating that there were systematic
differences in classification for PCR results for these tissues and for
global status results. Lung and heart were the only two tissues where this
hypothesis was accepted (p = 0.063, each).

Although a moderate agreement was found between lung and kidney
PCR results (Kappa = 0.595), they had only two positive samples in
common and most of this agreement came from 11 negative samples.
Also, we found another moderate agreement (Kappa = 0.444) between
brain and each one of these tissues: lungs, heart and liver, but again only
two samples were found positive at the same time in both PCR results. A
moderate agreement (Kappa = 0.444) was also found between dia-
phragm and liver PCR results, which again was mainly based on 13
negative results. The hypothesis of random distribution of disagree-
ments was accepted in all cases (Table 3).

Combined results from two tissues, lungs and heart, lungs, and dia-
phragm or heart and diaphragm increased the Kappa coefficient in-
creases and indicate a substantial agreement between these results, and
global status for the animals (Table 4). It was also noticed that the
combination between these three tissues leads to an almost perfect
agreement with global status results (Kappa = 1,000; McNemar test p-
value = 1,000). In these cases, McNemar test results show that any
disagreements between these classifications can be treated as random,
and there was no indication of any systematic bias of classification be-
tween them.
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Table 1
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Toxoplasma gondii DNA in tissues of seropositive sheep slaughtered for human consumption in Rio de Janeiro state, Brazil.

Animal# * Brain Lungs Kidney Heart Diaphragm Liver Global status
1 +° + +
2 + + + + + + +
3 + +
4 + + +
5 + +
6 + +
8 + +
12 + +
13 + + +
Total 3 (20%) 4 (26,7%) 2 (13,3)% 4 (26,7%) 3 (20%) 1 (6,7%) 9 (60%)
@ Animals #7, 9, 10, 11, 14, 15 had no positive tissue by PCR.
b Tissue positive by PCR.
Table 2 Table 4

Kappa Coefficient for equivalence between individual tissues and animal global
status on Toxoplasma gondii DNA detection in sheep slaughtered for human
consumption in Rio de Janeiro state, Brazil.

Kappa Coefficient for equivalence between each pair of tissues and animal global
status on Toxoplasma gondii DNA detection in sheep slaughtered for human
consumption in Rio de Janeiro state, Brazil.

Tissues Kappa p-value Pair of Tissues Kappa p-value
Brain 0,286 0,031 Brain and Lungs 0,500 0,125
Lungs 0,390 0,063 Brain and Kidney 0,390 0,063
Kidney 0,186 0,016 Brain and Heart 0,500 0,125
Heart 0,390 0,063 Brain and Diaphragm 0,500 0,125
Diaphragm 0,286 0,031 Brain and Liver 0,286 0,031
Liver 0,091 0,008 Lungs and Kidney 0,390 0,063

B . Lungs and Heart 0,737 0,500

McNemar test: p < 0.05 are significant. Lungs and Diaphragm 0,615 0,250°
Lungs and Liver 0,390 0,063
Kidney and Heart 0,500 0,125
Table 3 Kidney and Diaphragm 0,390 0,063
Kappa Coefficient for equivalence between tissues on Toxoplasma gondii DNA Kidney and Liver 0,186 0,016

detection in sheep slaughtered for human consumption in Rio de Janeiro state, Heart and Diaphragm 0,615% 0,250°
Brazil. Heart and Liver 0,390 0,063
Diaphragm and Liver 0,286 0,031

Tissues compared Kappa p-value
Brain / Lungs 0,444 1,000
Brain /Kidney 0,286 1,000
Brain / Heart 0,444 1,000
Brain / Diaphragm 0,167 1,000
Brain / Liver 0,444 0,500
Lungs / Kidney 0,595 0,500
Lungs / Heart -0,023 1,000
Lungs / Diaphragm 0,074 1,000
Lungs / Liver 0,328 0,250
Kidney / Heart 0,189 0,625
Kidney / Diaphragm 0,286 1,000
Kidney / Liver 0,634 1,000
Heart / Diaphragm 0,074 1,000
Heart /Liver 0,328 0,250
Diaphragm / Liver 0,444 0,500

" McNemar test: p < 0.05 are significant.
4. Discussion

The occurrence of T. gondii DNA in tissues of the seropositive sheep
observed in the present study was higher than observed in slaughter-
houses from Sao Paulo, Brazil (33.3%) and Iran (37.5%) (Asgari et al.,
2011; Silva et al., 2011). Rate differences among regions or countries
depend on many factors, like natural variations of T. gondii infection, the
size of tissue samples analyzed and processing methods for DNA isola-
tion (Adamska, 2018). It is important to consider the possible influence
of the small tissue fragment (25 mg) used for DNA extraction in the
sensibility of the test, as the parasite could be present in another portion
of the tissue and not in the one sampled.

Identifying T. gondii in the tissues of sheep slaughtered for human
consumption is a matter of public health (Dubey et al., 2020). The
ingestion of mutton has been identified as a risk factor for seropreva-
lence among pregnant women (Berger et al., 2007) and was also

* *McNemar test: p < 0.05 are significant. combinations of tissues that most
agree with global status Peventual disagreement between the tissues and the
global status that occur randomly

confirmed to be the cause of an outbreak of acute toxoplasmosis in Brazil
(Bonametti et al., 1997). The consumption of mutton is significantly
associated to toxoplasmosis in humans and special care should be taken,
especially because it is often eaten undercooked and T. gondii is present
in virtually all edible ovine tissues (Dubey et al., 2020).

Prevalence rates of antibodies anti-T. gondii are high among humans
in the Rio de Janeiro state (Bahia-Oliveira et al., 2003; Ribeiro et al.,
2008) as well as in several species of farm animals (Frazao-Teixeira
et al., 2011; Frazao-Teixeira and Oliveira, 2011; Dubey et al., 2012;
Cosendey-KezenLeite et al., 2014; Gallo et al., 2019). These animals are,
therefore, potential sources for human infection, but real risk is mainly
inferred when viable parasites are isolated from the animals’ tissues.
Although detecting T. gondii DNA does not prove the tissues harbor
viable parasites, it proves the tissue was once infected. Viable T. gondii
has been recovered from tissues of persistently infected sheep and most
isolations were made in Brazil, Ethiopia and France (Dubey et al., 2020).
Rani et al. (2020) proved that even 5-10 g of meat might harbor viable
tissue cysts. In this way, by detecting DNA of T. gondii in tissues of the
sheep slaughtered for human consumption in Rio de Janeiro, including
muscles (diaphragm and heart), we can infer that sheep tissues from this
area may be an important source for human infection.

There was only a fair agreement between PCR results of brain, lungs,
heart and diaphragm separately and those of animal global status
(Table 2). But, combining results of tissues in pairs, Kappa coefficient
increased above 0.6 for some of them, showing substantial agreement
between pairs of lungs/heart, lungs/diaphragm or heart/diaphragm and
the global status of the animals. This means that each of these pairs
could be chosen when assessing the presence of T. gondii DNA in sheep.
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This outcome might improve detection methods and reduce costs since
one could choose a simple pair of tissues to represent the positivity of the
animal as a whole. Additionally, the combination of the triad lungs/
heart/diaphragm led to perfect agreement with global status results,
turning into the best option for molecular testing the global status of
sheep with only a few tissue specimens.

There are few studies on T. gondii predilection sites in sheep and
these performed experimental infections using type II clonal strains.
T. gondii strains infecting sheep from Brazil are genetically much more
diverse and there is no data so far on any difference in predilection sites.
From the 35 sheep isolates genotyped, only three were type II and the
rest were classified in 15 different genotypes. Esteban-Redondo et al.
(1999) compared the presence of T. gondii DNA in brains, heart and
skeletal muscle of experimentally infected sheep and the parasite was
more frequently detected in brains and hearts. Jurankova et al. (2015)
tested predilection sites for T. gondii by PCR in the brain, lung, heart,
kidney, liver, spleen and skeletal muscle of sheep. Brain (6/6) followed
by lung and heart (3/6) were the most suitable tissues for T. gondii
molecular detection. Verhelst et al. (2015) experimentally tested
T. gondii concentration in different sheep tissues and brain, heart and
skeletal muscle had the highest parasite burdens.

Those studies are in accordance with the present results as the heart/
lungs pair had the highest Kappa coefficient. It is interesting to notice
that the brain was not found to be important as a tissue for molecular
detection of T. gondii in sheep in the present study, although this parasite
is known to have strong tropism to it. Instead, we could identify the
diaphragm as another option when in pair with lungs or heart. Also, the
liver was not in substantial agreement either individually or in pairs, but
it was identified as an organ of choice for the detection of T. gondii in
sheep by IHC (Silva et al., 2013). It is worth mentioning that the liver is a
viscera used for feeding and some physicians recommend its ingestion
for children and pregnant women with iron deficiency or anemia, which
could increase the risk of T. gondii infection (Asgari et al., 2011).

We conclude that sheep slaughtered for human consumption in Rio
de Janeiro, Brazil are infected with T. gondii. Investigators might test
pairs of fragments of lungs and heart, lungs and diaphragm or heart and
diaphragm for molecular identification of T. gondii in sheep with sub-
stantial agreement with the global status of the animals.
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