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Abstract

A serological, molecular and histopathological study was carried out in order to investigate occurrences of
Toxoplasma gondii in pigs slaughtered with and without inspection service. Serum samples were collected from
60 pigs to detect anti-T. gondii antibody by indirect fluorescent antibody (IFAT). Tongue, masseter and diaphragm
fragments were also collected for parasite DNA detection by means of the polymerase chain reaction (PCR) and
histopathological analysis. The serological results showed that 77% (44/60) of the pigs were positive. Regarding
PCR, 66.67% (40/60) were positive for T. gondii. Among the tissues evaluated, the diaphragm was the one with the
highest frequency of positivity (40%; 24/60), followed by the masseter (38.33%; 23/60) and tongue (33.3%; 20/60).
Histopathological changes were only observed in the diaphragm, which presented inflammatory infiltrates of
lymphohistiocytic and neutrophilic types. These results not only show the potential threat of T. gondii to human
health, but also demonstrate the dynamic epidemiological situation of toxoplasmosis in pigs in the city of Sdo
Luis, providing support for food security regarding pigs and for T. gondii control programs in Brazil.
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Resumo

Realizou-se um estudo sorolégico, molecular e histopatoldgico com o objetivo de verificar a ocorréncia de
Toxoplasma gondii em suinos abatidos com e sem servi¢o de inspec¢do. Foram coletados soros de 60 suinos
para a pesquisa de anticorpos anti-T. gondii pela reacdo de imunofluorescéncia indireta (RIFl). Também foram
coletados fragmentos de lingua, masseter e diafragma para a deteccdo do DNA do parasito por meio da reagdo
em cadeia da polimerase (PCR) e analise histopatoldgica. A andlise sorolégica demonstrou que 77% (44/60) dos
suinos apresentaram anticorpos anti-T. gondii. Com relacdo ao PCR, 66,67% (40/60) foram positivos para T. gondii.
Dentre os tecidos avaliados, o diafragma foi o que obteve maior frequéncia de positividade (40%; 24/60), seguidos
de masseter (38,33%; 23/60) e lingua (33,3%; 20/60). AlteracGes histopatolégicas foram observadas apenas no
diafragma, que apresentou infiltrado inflamatério do tipo linfohistiocitario e neutrofilico. Esses resultados ndo
evidenciam apenas a ameaca potencial de T. gondii a saide humana, mas também demonstram a dinamica
situacao epidemioldgica da toxoplasmose em suinos na regido da cidade de Sdo Luis, fornecendo suporte para
a seguranca alimentar de suinos e programas de controle de T. gondii no pais.
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Toxoplasma gondii in pigs in S&o Luis, Maranhdo

Introduction

Toxoplasmosis is a worldwide zoonosis caused by the obligate intracellular protozoon Toxoplasma gondii.
Infection caused by T. gondii is widespread among homeothermic animals including birds, wild animals, domestic
animals and humans (Dubey, 2009). According to Dubey (2010), domestic and wild felids are the only definitive
hosts, with production and release of oocysts occurs in the feces, and thus contaminate the environment. After
sporulation, these oocysts can maintain their infectivity for several months in water and soil and are responsible
for infestation of intermediate hosts, including humans and other animals (Buxton et al., 2007). Pigs acquire
infection by ingesting water and feed that are contaminated with oocysts from in feline feces, or transplacentally
or by ingesting bradyzoites that are present in tissue cysts in intermediate hosts (rats) or other pigs in cases of
cannibalism (Dubey et al., 1995; De Berardinis et al., 2017).

Studies among pigs are important because there is high production and consumption of their meat. The per
capita consumption of pig meat in Brazil is 15.3 kg/year. Given that the cysts are not detectable at slaughter, this
food when eaten raw or undercooked is an important route for transmission of T. gondii to humans. According
to the United Nations Food and Agriculture Organization (FAO) and the World Health Organization (WHO), this
parasite is among the top ten foodborne parasites with global impact, only behind agents such as Taenia solium,
Echinococcus granulosus and Echinococcus multilocularis (FAO, 2014; ABPA, 2019).

The estimated global prevalence of infection by this important foodborne pathogen is 30% (Haq et al., 2016). In
Brazil, serological studies on pigs have shown varying prevalences, with widespread distribution throughout the
country, ranging from 1.32% to 90.4% (Cavalcante et al., 2006; Azevedo et al., 2010; Oliveira et al., 2018).

Considering the importance of this zoonosis and that the current infection status of T. gondii in pigs for slaughter
in the state of Maranhao, Brazil, is still unclear, the objective of this study was to evaluate the occurrence rate
of this parasite in pigs slaughtered and marketed for human consumption, through serological, molecular and
histopathological approaches.

Materials and methods

Ethics statement

This research was approved by the Ethics Committee for Animal Experimentation (CEEA) of the State University
of Maranhao (UEMA), under protocol no. 10/2017.

Study area

This is a descriptive study of the occurrence of T. gondii by serological and molecular techniques that was
conducted between September 2017 and March 2018 in the municipality of Sdo Luis (02° 31'48"S; 44° 18' 10" W),
the capital of the state of Maranhdo, in northeastern Brazil. This location belongs to the Amazon biome, in the
legal Amazon region, with a predominantly humid tropical climate (IBGE, 2020).

Animals and sample collection

Samples were selected by means of non-probabilistic convenience sampling. Sixty mixed-breed pigs (38 males
and 22 females), ranging in age from 3 to 8 months, were included in this study. Of these, 41 animals were
selected at slaughterhouses with inspection services and 19 animals at unofficial slaughterhouses. In the inspected
slaughterhouses, the slaughter of pigs usually took place only once a week, in which a limited number of animals
were slaughtered per day (ranging from 40 to 60 pigs). In this way, we collect, at the time of slaughter, blood and
tissue of 6 or 7 animals a day, in 5 fields to cover the largest number of herds in the municipality.

Additionally, information only about the origin, age and sex of officially slaughtered animals (information available
at the slaughterhouse) was collected. Regarding animals submitted to slaughter without inspection service in
addition to the information mentioned above, it was identified that they were raised in an extensive regime, with
predominantly family labor and rustic facilities for confinement of the animal.

Blood samples, about 6 ml, were collected during bleeding and were stored in tubes containing gel clotting
activator to obtain serum. These were then were centrifuged at 2000 rpm for 10 minutes to separate the serum
and stored in microtubes at-20 °C until the time of the serological tests. Immediately after slaughter, two fragments
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of 50 g from the tongue, diaphragm and masseter of each animal were collected. One was stored at -20 °C until
molecular testing; the other was fixed in 10% buffered formalin solution for histopathological analysis.

Serological test

Serum samples were tested using the immunofluorescence antibody test (IFAT) for the detection of IgG
anti-T. gondii, using the commercial Imunoteste Toxopasma kit (RIFl), adapted from cattle (Immunodot®). The
conjugate used in the reactions was anti-pig 1gG (Sigma-Aldrich® St. Louis, Missouri, United States), and those samples
with cutoff titers of 1:40 were considered positive according to the manufacturer’s instructions (Immunodot®).
Positive and negative control sera were included on all slides.

DNA extraction and PCR

DNA extraction and purification of tissue samples were performed using the Wizard Genomic DNA purification
kit (Promega®), as instructed by the manufacturer. The concentration and quality of the extracted DNA were
determined by means of spectrophotometry.

The PCRwas carried out using the primers Tox4 (CGCTGCAGG GAGGAAGACGAAAGTTG) and Tox5 (CGCTGCAGA
CACAGTGCATCTGGATT), as described by Homan et al. (2000), which amplified a fragment of 529 bp of T. gondii
DNA. Each reaction had a total volume of 12.5 pL, as follows: 6.25 pL of PCR Master Mix Promega® (Taq polymerase,
dNTPs, MgCl, and buffer); 0.5 pL of each primer (10 pmol); 4.25 pL of DNAse and RNAse-free water and 1 pL of
extracted DNA. The thermocycler conditions were: 7 min at 94 °C for denaturation, followed by 34 cycles of 1 min
at 94 °C for denaturation, 1 minute at 55 °C for annealing and 1 min at 72 °C for extension, followed by a final
extension of 10 minutes at 72 °C.

The PCR products were subjected to electrophoresis on 1.5% agarose gel, stained with SYBR Safe (Invitrogen®),
and using a molecular weight marker (1 Kb DNA ladder, Promega®). After this step, the gel was analyzed and
photographed in photodocumentation system.

Histopathology

Tissue fragments were fixed in 10% buffered formalin and were processed to prepare histological slides, using
the methodology described by Luna (1968). The material was cut into sections of thickness five micrometers (5 um)
and these were stained using the hematoxylin and eosin (HE) technique, as described by Prophet et al. (1992). The
slides produced were then analyzed to detect any presence of tissue forms of the parasite and any histopathological
changes, under a microscope using a 40x objective lens.

Statistical analysis

The date on frequency of positivity among the animals were tabulated and statistically analyzed by means of
the relative and absolute frequency distribution, and were distributed in contingency tables. Initially, a chi-square
test (x?) was performed on independent samples to evaluate possible associations between the test used (IFAT)
and positivity for T. gondii. Univariate analysis was performed considering the animal characteristics (origin and
sex), using the chi-square test (x?). The analyses were performed using the Epi Info™ software, version 7.2.4. All
statistical analyses were performed considering a minimum significance level of 5% (p < 0.05).

Results

In total, antibodies against T. gondii were found in 77% (44/60) of the pigs analyzed. Among the unofficially
slaughtered pig population, 63.16% (12/19) were seroreactive and among those slaughtered in an establishment
with presence of the inspection service, 78.05% (32/41). Regarding sex, 73.68% (32/38) of the males were positive,
while 72.73% (16/22) of the females were positive (Table 1).

The results from the statistical analysis showed that there were no significant associations between the variables
studied (p >0.05), although the frequency of infection among the pigs from slaughterhouses with presence of the
inspection service was higher than among those from unofficial slaughterhouses.
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Table 1. Frequencies of infection in pigs, from IFAT, according to origin and sex. Univariate analysis on associations between
variables and positivity using the chi-square test. There were no statistically significant differences (p > 0.05) between the
variables evaluated.

IFAT
Feature
No. positive No. negative Total % p
Provenance Insp. 32 9 41 78.05 0.8092"s
Not insp. 12 7 19 63.16
Sex Male 28 10 38 73.67 0.9361 "
Female 16 6 22 72.73
Total number of animals tested 44 16 60 77

NS = no significant association (p > 0.05).

Table 2. Percentages and absolute frequencies of positivity for T. gondii from conventional PCR in diaphragm, masseter and
tongue tissues. There were no statistically significant differences (p > 0.05) between the tissues evaluated.

PCR
Tissue
No. positive No. negative % P
Diaphragm 24 36 40 0.7341
Masseter 23 37 38.33
Tongue 20 40 333
Total number of 40 20 66.97

animals tested

Direct PCR on tissues from the pigs showed evidence of T. gondii DNA in 66.67% (40/60), considering at least
one positive tissue sample per animal evaluated. The data on the frequency of tissue positivity are summarized
in Table 2. The statistical analysis on the data showed that there were no statistically significant differences
(p < 0.05) between the tissues evaluated.

Among the tissues analyzed histopathologically, in the diaphragm fragment of one animal it was possible to
identify multifocal areas of myositis, characterized by a lymphohistiocytic and neutrophilic inflammatory infiltrate
associated with hyperemia, hemorrhage and necrosis (Figure 1a, b). No intralesional organisms suggestive of
T. gondii were observed in the areas of these injuries.

Discussion

This study presents an important contribution about toxoplasmosis, through providing new data on infection
in pigs in the state of Maranhdao. To the best of our knowledge, this was the first study to report on the circulation
of T. gondii in pigs in this area. These data are of public health relevance, because pigs act as reservoirs for this
protozoan and consumption of pig meat under these conditions represents a risk to human health, as already
shown in previous studies (Dubey, 2009; Vergara et al., 2018; Miura et al., 2019; Oliveira et al., 2018; Santos et al.,
2019). In addition, investigations on occurrences of T. gondii in pigs form an important step within surveillance and
control of foodborne toxoplasmosis.

In this context, serological surveys are important diagnostic tools for surveillance of pathogens such as
T. gondii. They are considered to provide conclusive data for adequate surveillance of toxoplasmosis (Dubey, 2009;
Tialla et al., 2019).

In this study, we found that the overall infection rate was 77%, which was higher to the prevalences reported
Africa (49.2%), Italy (51.7%) and China (13.8%) (Pipia et al., 2018; Tialla et al., 2019; Zhang et al., 2020). In the Brazilian
scenario, the detection of antibodies against T. gondii varies widely between different regions. Studies conducted in

Braz | Vet Parasitol 2021; 30(4): e008721 4/8



Toxoplasma gondii in pigs in S&o Luis, Maranhdo

Figure 1. Representative photomicrograph from histopathological analysis on pig tissues. (A) and (B), areas of hyperemia and
hemorrhage associated with moderate lymphohistiocytic and neutrophilic inflammatory infiltrate (arrows), associated with
necrosis (arrowhead), HE, 40x.

Paraiba, Rio Grande do Norte and Parana reported rates of 12.4%, 40.7% and 6.5%, respectively. These variations
maybe related to some factors such as the serological test applied, the animal husbandry system, among other
conditions such as climate and geographic location (Albuquerque et al., 2011; Bacci et al., 2015; Zhang et al., 2020).

The results from the statistical analysis showed that there was no significant association in relation to the variable
of sex (p £ 0.05). This differed from previous results found in Burkina Faso and Nigeria (Africa) and Parana (Brazil)
(Moura et al., 2007; Onyiche & Ademola, 2015; Tialla et al., 2019), where a significant association between sex and
the presence of anti-T. gondii antibodies was found, such that females showed significantly higher prevalence.
Some authors have claimed that female sex is a risk factor for toxoplasmosis due to hormonal, physiological and
management differences (van der Puije et al., 2000).

Regarding the origin of the animals, the present study showed that there was high serological frequency of
infection among pigs that were subjected to unofficial slaughter, although there was no statistical difference
between the groups analyzed. It is important note, in relation to unofficial or “backyard” slaughter, that some
dubious situations were observed. These included the following: pigs that had been extensively reared together
with other animals that are susceptible to infection, including birds; slaughter carried out in inappropriate places
and under poor sanitary conditions, without inspection and without compliance with animal welfare standards;
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and absence of control measures against rodents, which may act as a parasite reservoir for pigs and other hosts
such as felids (data not shown). Although no detailed analysis of risk factors associated with parasite infection was
performed in this study, previous studies have shown that such situations may predispose to T. gondii infection in
pigs (Millar et al., 2008; Dubey, 2009). This allows us to suggest that the situations observed may have influenced
the infection rate found.

A high percentage of positive animals was observed among those subjected to slaughter under official inspection,
similar to what was observed among those slaughtered unofficially. Therefore, it can be suggested that these
animals probably came from herds where management and sanitation care were inefficient. Thus, even though
the animals were subjected to different ways of slaughter, it is possible that they had been reared under conditions
presenting similar risk factors. Previous studies have shown the importance of proper management on pig farms
in relation to T. gondii infection (Samico-Fernandes et al., 2017; Gazzonis et al., 2018). Dubey (2009) pointed out
that the determining factor in infection among pigs does not come from the rearing system itself, but from the
exposure of these animals to oocysts and/or rodents in the environment.

Occurrences of this parasite detected through molecular techniques in epidemiological studies are increasing in
Brazil, as demonstrated in Bahia (10%) and Rio Grande do Sul (34% and 66%) (Bezerra et al., 2012; Belfort-Neto et al.,
2007). It was possible to detect parasite DNA in all the tissues analyzed in the present study (tongue, diaphragm
and masseter). Dubey et al. (1996) pointed out that after infection the parasite can be found in almost all swine
tissues, especially in organs such as the brain and the skeletal and cardiac muscles. The same authors showed that
muscle tissues presented low quantities of parasites. However, bioassays performed in mice have demonstrated
that even in small numbers, viable cysts are capable of causing persistent infections.

Several researchers have used muscle tissue to detect T. gondii and obtained good results in their research
(Belfort-Neto et al., 2007; Hernandez-Cortazar et al., 2016; Kuruca et al., 2017). Based on this presupposition and
that our intention was to carry out the diagnosis of the parasite in tissues that could be easily obtained and tested,
we chose these tissues. In addition, during sample collection, we had access only to collect muscle tissue, without
access to brain fragments.

In this study, the rate of detection of infection by means of PCR was very similar to what was found using IFAT.
Although other studies have shown that this technique may be less sensitive than bioassays or other serological
tests, it is important to consider certain factors that may lead to these differences. These would include the
experimental group (naturally or experimentally infected animals), the target genes used in PCR and the distribution
of the parasite among the tissues analyzed (Reischl et al., 2003; Hill et al., 2006; Tsutsui et al., 2007; Bacci et al.,
2015; Franco-Hernandez et al., 2016).

In the present study, the frequency of histopathological changes was considered low, as was also reported in
previous studies that shows the difficulty in detecting parasites using the histological technique (Bezerra et al.,
2012; Miranda et al., 2015; Samico-Fernandes et al., 2017). This situation, as suggested by Dubey (2009), can be
attributed to factors such as the parasite distribution itself, which is not homogeneous, and the low quantities of
cysts in muscle tissues. Itis also important to emphasize that the sensitivity rate of the histopathological technique
is lower among naturally infected animals (Dubey & Beattie, 1988), as were the animals of the present study.

Despite the positivity of the animals of the present study according to PCR, few lesions were found in only a
fragment of the diaphragm, however, as no cysts or bradyzoites of T. gondii were found in these areas, we cannot
say that these lesions originated directly by the action of the parasite, but it is noteworthy that this tissue was
positive by PCR. This primary study serves as a warning for T. gondii infection in pigs sold in the city of Sao Luis, a
fact that so far has not been demonstrated by previous research and demonstrates the concern with the sanitary
situation of the pigs. Certainly, our study will contribute to further research being carried out in this location,
including a broader epidemiological study.

Conclusion

These results indicate the occurrence of Toxoplasma gondii in slaughtered pigs sold for human consumption. This
study provides strong support for implementation of prevention and control measures against human infections
by T. gondii originating from pigs slaughtered in the city of Sao Luis, Maranhdo.
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